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DISCLAIMER 

The National Oceanic and Atmospheric Administration 
(NOAA) does not approve, recommend, or endorse any proprietary· 
product or proprietary material mentioned in this publication. 
No refe-rence shall be made to NOAA or to this publication 
furnished by NOAA in any advertising or sales promotion which 
would indicate or ·imply that- NOAA approves, recommends, or 
endorses any proprietary product or proprietary material 
mentioned herein, ·or which has q.s its purpose an intent to ·: 
cause directly or indirectly the advertised product to be used •-. 
or purchased because of this publication. 

'; ·' 

The costs figures stated may not be the final figures agreed upon 
because modifications made in the budget were not always reflected 
in the work statements. 
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TABLE I 

Distribution of Research Units in Lease Areas 

Lower 
Bristol Chukchi Cook 

Bay Sea Kodiak Inlet NEGOA 

3 88 3 3 3 
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435 541 229 .152 229 

243 153 243 
251 190 289 
289 194 341 
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425 
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512 

Non-Site 
Norton St. George Specific 

88 16 71 
152 83. 72 
153 87 73 
190 141 267 
194 196 350 
196 230 436 
208 232 497 
230 435 516 
232 527 
237 557 
435 563 
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TEC~ICAL PROPOSAL 

I. Title: Identification, documentation and delineation of coastal 
migratory bird habitat in Al~~ka. 

Research Unit: #3 
Contr~ct .No: 03-5-022-69 
Proposed Dates of Contr~ct: October 1, 1978 to September 30, 1979 

II. Principal Investigator: Paul D. Arneson 

III. Cost of Proposal 

A. Science 
B. P.I. provided Logistics 
C. TOTAL 
D. Distribution of Effort 

Lower Cook Inlet 
Bristol Bay 
NEGOA 

IV. Background: 

$51,800 
-o

$51,800 

50% 
40% 
10% 

Data on coastal birds and their habitat have been gathered since 
September 1975 in most areas from Cape Fairweather to Cape Newenham. 
Most information was gathered for the Lower Cook Inlet lease area 
because of a study done in cooperation with the Alaska Department 
of Fish and Game, Marine/Coastal Habitat Management Section.in 
1976. Seasonal bird distribution 1and ~bundance data were gathered. 
In other lease areas only partial seasonal data are available. 
Also, in cooperation with marine mammal observers at Cape St. 
Elias, marine bird data h~ve been gathered during spring migration 
inNEGOA. 

Only cursory narrative reports have summarized this ·data to date. 
A much more comprehensiveanalysis needs to be made to properly· 
interpret the data and put.it into proper prospective. It is hoped 
that the relative importance o~ each lease area to coastal marine 
birds can be discerned from the appropriate analyses. 

V. Objectives: 

To analyze all data on the seasonal distribution and abundance of 
coastal marine birds. 

To summarize this bird data in a form most useful for future decision 
making on oil and gas leasing of the outer continental shelf. 

To graphically and pictorially present coastal bird information so 
that the relative importance of lease areas or areas within lease 
areas are readily apparent. 
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VI. Strategy and Approach: 

A. Sampling Method: All field sampling will be completed by 
September 1978 so that only analytical methods will be conducted 
during FY 1979. 

B. Analytical-Methods: 

Computer programs will be Written to summarize the data by 
species, geographic area, season, habitat and density. If 
applicable, statistical tests will be run to determine significant 
differences among habitats, seasons and geographic areas. 
Visual representations of differences will be portrayed in 
graphs and figures. 

VII. Deliverable Products: 

1. Digital Data: Attached is a list of checked parameters that 
have been collected during the duration of this project and 
that will be submitted in final form during FY 1979. 

2. Attached is a list of maximum/minimum values for those parameters 
that were collected. 

3. In order to insure that digital data is accurate, an initial check 
for obvious errors is made.of the data immediately after 
transcription. It is submitted to a keypuncher who also 
verifies their accuracy. After keypunching, data is checked 
again line by line for errors. It is resubmitted to the 
keypuncher for those corrections. Data is then rechecked to 
m?ke sure all corrections were made. In addition, a technique 
devised by Mike Crane, EDS, Anchorage is used to verify if 
data is correct by reordering species groups and by special 
arrangement of data in vertical columns. 

B. Narrative Reports: 

Most data for this research unit has been gathered in Lower 
Cook Inlet. Therefore, a comprehensi~e report on bird distribution 
and abundance will be submitted for this region. This will 
include sampling locations, frequency and duration; methods; 
critical habitata; literature review. 

Several other narrative reports and/or publications are possible 
from the data gathered but insufficient funding may limit the 
extent of analysis for these reports. These include a comprehensive 
analysis of habitat utilization and distribution and abundance 
of birds in all regions studied, a more detailed report on the 
birds in Bristol Bay, a report on the spring migration of 
birds past Cape St Elias, and a winter bird population estimate 
for Kodiak Island. 
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Common to all records 
...-file Type 
~ile Identifier 
.....-kecord Type 
.....:Station Number 

Record Type 1 - Header Record 
~atitude/longitude 
V'Date/Time/El apsed Time 
\oo""Survey Condition Code 
~istance Surveyed/Area 
~ampling Technique 
~latform Type Code . 
._Speed/Alti.tude of Platform 
....-'Photos Taken 

Record Type 2 ~ Environ~ental 
vSurface Temperature/Salinity 

Dry/Wet eulb Temperature 
Relative Humidity 

~arometric Pressure/Trend 
....+lind Direction/Speed . 

File Type 040 
Bird Habitat 

Record Type 4 (continued) 
Distance f~om Barrier Island/River.Delta 
Depth at Observation 

-~o 1 t/Co 1 or /Pl ummage Codes 
~ge Class/Sex Codes 
·1\)isociation Codes · 
Number· of Species Partitipating 
N_umber of Species in Flock . 

~ounting Method Code 

Reco~d Type 5 - Text 
~equence Number 
~xt 

,Sea State/Swell Direction/Height 
~eather/Cloud Type/Amount 

Mater Color/Visibility 
~un Direction/Glare Intensity Codes 
·C:lare _Area Code/Light level 
MoonP~seC~e . 

~id~Height Code/Tide Trend 
SECCHI Disk Depth 
Debris Code 

Rec~rd Type 3 - Ice Record 
ice. Inside/Outside Transect 
ppen ~later 
V-isible Ice 
Mise/Other Features 

Record lype 4 - Habitat Record 
~equence Nu.mber 
~ra~onomic/Subspecies Codes 
...- ~pe"J es Group 
~Number of Individuals 
-Habitat Code 
vBehavior 
~irection of Birds'Flight 
Distance from Shore to Birds 

' / 
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Parameter Maximum/Minimum Values 

·Parameter 

Record Type 1 

.Latitude. 

Longitude 

Date 

, • .I 

Elapsed time 

Distance surveyed 

Speed 

Altitude 

Record Type 2· 

Temperature 

Wind speed 

Record Type 4 

Number of individuals 

5 

Limits 

50°tO 61° 

137° to 170° 

Oct. 75 to Sept 78 

1 to 60 min. 

0.1. to 115 Ian 

90 to 250 km/hr. 

15 to. 150 m 

-2 to 24°C 

0 to 65 kni/hr. 

· 1 to 99,999 



--,...---

C. Visual Data: 

It is anticpated that much visual material will be prepared 
for the final report in the form of maps, figures, graphs and 
tables. Where applicable, mylar overlays will be prepared in 
standard OCSEAP format. 

~ps and figures will include coastal bird distribution and 
densities in the various lease areas where data was gathered. 
For lower Cook Inlet and Bristol Bay, maps will depict the 
locat:{.ons of all known bird colonies and foraging areas. Maps· 
showing migration staging areas and'migration corridors will 
be drawn. 

Tables of bird numbers and densities by season and location 
will be presented. Also, tables of bird habitat preferences 
will be included. 

E. Data Submission Schedule: See attached form. 

VIII.Voucher Specimens: No sampling will be done in FY 1979. 

IX. Logistics Requirements: No logistical support is necessary pecause 
only final report writing will be conducted. 

X. Anticipated Problems: 

An immediate problem is evident because of the funding level and 
product requirements listed in the guidance letter. Three separate 
final reports were required at a !unding level of $30,000. It will 
be impossible to do a thorough analysis and write three adequate 
final reports for that amount of money. It could be expected that 
a thorough report with professional quality maps and figures could 
only be completed for the Lower Cook Inlet region for the amount of 
money suggested. 

Reports for other areas studied including Bristol Bay and NEGOA 
would take additional analysis and therefore time. The enti~e. 
FY 79 would be needed to do an adequate job of summarizing that. 
past three years' field work. 1In all, 31 surveys have been conducted 
through May 1978 and over 20,000 records need to be analyzed. 

The principal investigator's entire salary, time for a cartographer, 
computer and programming time, plus overhead all would come out of 
the allotted funds. Because the guidance funding level was not 
considered sufficient to do the proper job, a revised cost proposal 
has been included for evaluation. The new funding level was 
calculated to be $51,800. For this amount of mcney the following 
reports can be anticipated: 

1. A comprehensive summary of seasonal. bird use of Lower Cook 
Inlet. (16 of 31 surveys have been in this lease area so 
information is the most complete). 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

1. Birds-aerial 
transects 

7 
2. Birds-ground/ 

boat counts 

Media 
(Cards, cod
ing sheets, 
tapes, disks) 

Disks 

Disks 

Estimated 
Volume 
(Volume of 
processed data) 

1500 records 

500 records 

DATA.PRODUCTS SCHEDULE 

OCSEAP 
format 
(If.known) 

040 

040 or 033 

Processing and 
Formating done 
by Project 
(Yes or No) 

yes 

yes 

Collection 
Period 

(Month/Year to Month/Year) 

April 7.8 to May 7 8 

June 78 to August 78 

Submission 
(Month/Year) 

October'78 

October 



2. A comparison of distribution and abundance of birds to include 
critical or sensitive areas for all regions studied. 

3. A ,comparison of habitat use by bird species and geographic 
area. 

4. A summary of the information being gathered by marine mammal 
observers on the spring migration of birds past Cape St. Elias. 

5. A population estimate of nearshore wintering birds on Kodiak 
Island could be completed. 

6. A publication on birds of Bristol Bay to .include more. data 
than that shown in reports #2 and 3 abov~ would be attemP,;ed. 

In my estimation. it would be a grave error not to properly analyze, 
summarize and produce all the information that has been gathered 
since September 1975 under RU #3. .For this reason, I am suggesting 
the increase in funds from $30,000 to $51,800. Lumping of a large 
amount of data into a few reports would likely make them unwieldy 
and confusing. I feel it would be best to write the reports on a 
more homogeneous subject matter. There would be a few more reports, 
but they would be less confusing and, more readable. 

XI. Information required from Other Investigators: 

The information most useful to properly interpret bird dist~ibution 
and abundance will come from bird food habit studies (Gerry Sanger) 
and food availability (Dennis.Lees, Howard Fede~, Tom English, 
Jim Blackburn and perhaps others). No problems are-anticipated in 
gathering necessary data directly from_the, appropriate PI.' 

XII. Milestone Chart: See attached copy. 

XIII. Outlook: No major gaps in knowledge are expected so that the. 
final reports can be properly completed by the end of FY 1979. 

XIV. The following standard statements:will p~ adhe~ed .to: 

A. Updated milestone ch;,;rts wi,ll be. submitted quarterly. . A 
schedule for processing and analysis of past year's data will· 
be submitted to the Projedt Office upon request. 

B. If necessary quarterly reports will be submitted. to the appropriate 
Project Office during the contracty~ar to be in OCSEAP hands · 
by the first day.of January, Ju+y, and October. Annual Reports 
are due by April 1. The Final Report will be submit.ted within 
90 days of the expiration of the contract. 

c. Where biota are concerned, all species and higher categories will . · 
be r'epresented by the voucher specimens that will be. preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in 
conformity with OCSEAP voucher specimen policy. Vouchering will 
include life history stages (e.g., larvae, juveniles, adults) when 
these are studied, and sexes where these are morphologically 
distinguishable. 
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D. At the option of OCSEAP, the PI is prepared to travel to the 
Project Office at least twice during the contract year to 
review project status and progress. Such reviews will be 
scheduled on dates mutually satisfactory to both parties. In 
addition, the PI may be requested to participate in program 
review or syntheses meetings 'as required. lt is understood 
that costs of the travel and per diem for these trips'will 'be 
borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in 
the form and format specified in Deliverable Products Section VII, 
A thru E.· . Digital data 's~l:iniissions will be accompanied by a 
Data Documentation Form· (NOAA Form 24-13). · · 

F. - Digital Da't·a. will be submitted. to the: Project Data Manager within 
120 'days of 'the completion' oJ a cruise or three month data collection 
period, unless a written waiver has been received from the Project 
Office. The NODC Taxonomic Code is to be tised for biological data 
submissions. 

G. ·Within 10 days of· the completion of a cruise or·any data gathering 
effort, a ROSCOP data collectlon inventory form (NOAA Form 24.:.23) 
will be submitted to ~he Proj~ct Data Manager. 

H. 
'' 

I. 

J. 

Title for all property _purchased with OCSEAP funds remains with the 
U. s.' Government pending disposition at contract expiration. The 
·PI will maintain inventories of all expendable and non-expendable 
~quipment purchased wit'h OC~EAP funds. Information will be recorded 
on Form CD-_:281, "Rep'o~t' of'Government Property in Possession of 
Contractor" (no .equipemnt ·will be purchased in FY 79) .· , 

Three (3) copies of all manustripts for publication or presenta-tion 
which pertain to technical or scientific material developed under 
OCSEAP funds, will be' submitted td the appropriate Project Office · 
at least sixty· (60) days pr-ior' to release,- for information and for 
forwarding to BLM. The re~ease of such material within a period 
of less than sixty'· days ·will be made only with prior written 
consent of the Project Office.. News releases will first be 
cleared with the appropriate P~oject Office. 

All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 
acknowledgment is standard: 

"This study was suppo'rted'by'the Bureau of Land Management through 
interagency agreement with the National Oceanic and Atmospheric 
Administration, under which a multi-year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer· Coni:inentai Shelf Environmental Assessment Program 
(OCSEAP) Office. 11 
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DEP/UlTMENT OF FISH 1\ND G/\ ME. 

JAYS. HAMIIIJIIII, BDVERMOR 

311RASPBERRY IIOAIJ 
AMCIIDRA6E IISIZ 

August 31, 1978 

Dr. Herbert E. Bruce 
Bering Sea-Gulf of Alaska Project Manager 
OCSEAP-NOAA 
P.O. Box 1808 
Juneau, Alaska 99802 

Dear Herb: 

The following are additions and corrections to the FY79 reneWal proposal 
for RU/13 as per your most recent guidance letter dated 15 August 19.78. 

1. It is acknowledged that funding for FY79 will be $51,500.00 if the 
following changes meet.with your approval. 

2. Enclosed is a completed signat11re page containing. all per.tinent 
signatures, titles and a,ddresses. 

3. A Technician III will be hired upon acceptance of this. proposal and 
the appropriation of necessary funding. It is unkno~ at present 

4. 

who will fill the position but at the time of hire the qualifications 
sought are: 1) Minimum of a bachelors degree in biology, .zoology, 
wildlife management or related field. 2) An adequate knowledge of 
Alaskan birds. .3) Completed coursework in statistics and preferably 
computer science. 4) Expresses an interest and aptitude.in the type 
of work being done for OCSEAP. 

The most qualified and best suited person who applies will be hired 
but I do.not know who is present~~ available. Also, I may hire a 
~~rson w~th cartographic experience on a short~term basis to appropriately 

splay the material in figures," graphs and maps. 

Objectives since the inception of 

FY76 Gulf of Alaska, Bristol Bay; 

the project have been: 

FY77 Bristol Bay, Aleutian Shelf. 
1. 

2. 

3. 

To summarize and · 1 data on the dist ~va uate existing literature and unpublished 
of birds associa~e~utiiohn, 1abundance, behavior and food dependencies 

w t ittoral and estuarine habitat. 

To delineate the storm-tide li 
types (bird habitats) s d nef and characterize vegetative 

eawar o the storm-tide line. 

To determine seasonal density distrib~tion cr'ti 1 h . 
· t . • ~ ca ab1tats 

m~gra ory routes and breed1ng locales for principal bi d ' 
species in littoral and estuarine habitats. r 
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Dr. Bruce -2- August 31, 1978 

FY78 Lower Cook Inlet 

Winter-Kamis~k/Outer Kachemak Bays 

1. To determine the winter distribution and abundance of marine 
birds in relation to ice conditions and other environmental 
parameters. 

2. To attempt to determine the cause of various winter bird 
distribution patterns. 

Spring-Kachemak Bay 

1. To determine species distribution and abundance of waterfowl 
and shorebirds. 

2. To determine if critical habitats exist for these species 
groups. 

3. To determine periods of peak usage and duration of usage in 
spring for these species groups. 

4. To determine, if possible, food organisms utilized by these 
species groups during migration staging. 

Summer-Kachemak Bay 

1. To determine species composition and abundance of marine birds 
on colonies. 

2. To determine as many aspects as possible of the breeding 
biology of marine birds on the colonies. 

3. To determine whenever possible the food habits of nesting 
marine birds and their young. 

4. To determine changes in abundance of breeding populations of 
marine birds on colonies visited in 1976. 

5. To make other incidental observations of habitat use, forage 
areas, migration areas and abundance of non-colonial marine 
birds. 

FY79 

1. To analyze all data on the seasonal distribution and abundance 
of coastal marine birds. 

2. To summarize this bir.d data in a form most useful for future 
decision making on oil and gas leasing in the outer continental 
shelf. 

3. To graphically and pictorially present coastal bird information 
so that the relative importance of areas within lease areas 
are readily apparent. 
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Dr. Bruce -3- August 31, 1978 

5. As you stated in your guidance. letter, I will need some familiarity 
in working with the data before I will know which statistical 
analyses are appropriate and possible. The hypotheses which I am 
now considering to. test· ar.e: . 1. There is no difference in bird 
densities from the same' lease area, same season but differ~nt year. 
2. There is no difference in bird density between habitats in the 
same season from the. same lease area •. 3. There no difference in 
bird density for the same season between lease areas. 4·. There. is 
no difference in bird density between seasons within the same lease 
area. 5. There is no differe~ce ·in bird density between habitats 
for different seasons within a lease area. 6. There is no difference 
in bird density betwe~n habitats for the different lease ~r~as 
within the same season. 7. Bird densities are not affected by tide 
levels. Also, an attempt will be made to statistically rank habitat 
preference of birds. If possible, species composition could replace 
bird density in the previous six hypotheses for additional testing. 

In order to do the necessary comparisons, the nonparametric tests 
that would be attempted include Chi-square (goodness of fit) and 
Mann-Whitney. Kendall's ranked correlation coefficient will be, 
used when attempting to rank habitats. These tests may not work in 
all comparisons, and others may be tried if they are more appropriate. 
A biometrician will be consulted throughout the analysis process. 

The types of data that are applicable to the analysis are station 
number (location), distance surveyed, area surveyed, species, 
number of individuals, habitat and possibly tide level. 

6. All bird colony data collected in FY78 will be submitted in File 
Type 135 format while all other data will be submitted in File Type 
040 format. 

7. Two sepatate final reports will be written. The first will be a 
comprehensive analysis of habitat utilization and distribution and 
abundance of birds in all regions studied. Because of the large 
amount and variety of data available for this report, I will likely 
subdivide into the categories of season, geographic region (lease 
area) and interpretive analysis of bird utilization within each 
region. Included in the Sp~ing-NEGOA section will be a summary of 
bird migrations past Cape s·t. Elias and in the Winter-Kodiak section 
will be a bird population estimate for winter 1975-76. 

As much as possible, information from other OCSEAP bird studies and 
any related fields will be incorporated into the final analysis. 
An attempt will be made to determine a relative vulnerability index 
for birds and their preferred habitats. The vulnerability of birds 
to oil and gas development will be stressed where ever applicable. 

A second final report will be written on bird colonies documented 
in Bristol Bay in summer 1977 and in Kamishak Bay, Lower Cook Inlet 
in summer 1978. 
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Dr. Bruce -4- August 31, 1978 

8. Maps will not be drawn of specific colony locations to avoid duplication 
of effort with RU 341, but where,other information, such as foraging 
areas, migration (,!Orridors, etc., need delineation, maps'will show 
these areas. 

9. Enclosed is'an updated and more detailed Milestone Chart for FY79. 

I hope these corrections meet with your satisfaction and that contracting 
procedures will be initiated soon. If you have any questions or need 
further information~.· please don It' hesitate tO' COntact tne. 

Sincerely, 

fJaJIJ·~. 
Paul D. Arneson 
Game Biologist nr 

Enclosure· ' ' 

' , .. 

> (; 
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MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU (/ 3 PI: Paul D. Arne~;nu ------
Najor Hilestones: Reportingt and other significant 
contractual requirements; periods of field vor1c; workshops; etc. 

1978 1979 
HAJOR HILESTONES 0 N D J F M A M J J A s 0 N D 

FY 78 FT040 Survey data logged .6. and computerized 
FY 78 FT 135 Colony data. logged, __ l:l and computerized 

1-' 
All FY 78 computer listings corrected .6. +:'-

FY 78 da.ta submitted to Juneau .6. Project Office 
All FY 76 and FY 77 computer L listings corrected 

Quarterly Reports 
I L .6. L .6. 

Narrative report on bird haJ:dtat l::i A A A A 
and distribution '30% 60% 100% A B 

studies A A A A Narrative report ~n colony 50% 100% A B 

A- Final reports undergoing ADFG review· 

B - Final report submission to OCSEAP 
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3. TECHNICAL PROPOSAL 

I. TITLE 

Distribution, Abundance, Community Structure,' and Trophic Relationships 
of the Nearshore Benthos of the Kodiak Shelf, Cook Inlet, and Northeast 
Gulf of Alaska. 

Research Unit No. 5. 

II. PRINCIPAL INVESTIGATOR 

Dr. Howard M. Feder 

III. COST OF PROPOSAL (FY 78) 

A. Science 
B. Logistics 
c. Total 
D. Kodiak Shelf 

Lower Cook Inlet 
NEGOA 

IV. BACKGROUND 

A. Kodiak-Shelf 

$162,158 
-0-
$162,158 
56.7% 
40.0 
3.3 

The operations connected with oil exploration, production, and trans

portation in the vicinity of Kodiak Island present a wide spectrum of poten

tial dangers to the marine environment there. Adverse effects on a marine 

environment cannot be assessed, or even predicted, unless background data 

pertaining to the area are recorded prior to industrial development. Insuf

ficient long~term information about an environment, and the basic biology of 

species in that environment can lead to erroneous interpretations of changes 
' -

in species composition, abundance an~ interactions that might occur if .the 
. I . 

area becomes impacted (see Nelson-S~ith, 1973; Pearson, 1971, 1972, 1975; 

Rosenberg, 1973, for genera~ discussions on benthic biological investigations 

in industrialized marine areas; see Lewis, 1970 for discussion of population 

fluctuations of benthic invertebrates in time). 

Benthic organisms (primarily the infauna and sessile and slow-moving epi~ 

fauna) are useful as indicator species for a disturbed area because they tend 

to remain in place, typically react to long-range environmental changes and by 

their presence, generally reflect the nature of the substratum. Consequently, 

the organisms of the. infaunal benthos have frequently been chosen to monitor 

long-term pollution effects, and are believed to reflect the biological health 
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of a marine area (see Addy, 1976; Feder et aZ., 1973; Pearson, 1971, 1972, 

1975 and Rosenberg, 1973 for discussions on usage of benthic organisms for 

monitoring pollution). The presence of large numbers of benthic epifaunal 

species of actual or potential commercial importance (snow crabs, king crab, 

pandalid, ·shriinp, scallops, snails, bottom fishes) on the shelf ecosystem of 

Kodiak Island further dictates the necessity of understanding benthic com

munities there since many commercial species feed on infaunal and small, 

slow-moving epifaunal residents of the benthos (see Feder et. aZ., 1977a, 

1977b; Zenkevitch, 1963 for discussions of the interaction of commercial 

species and benthic biota in Alaska waters). Thus, drastic changes in 

density of the food benthos would undoubtedly affect the health and numbers 

of these fisheries organisms. 

Few data on non-commercially important invertebrate components of the 

shallow, nearshore benthos of the Kodiak shelf were available until recent 

OCSEAP studies were initiated (Feder et.aZ., 1977b). To date, Russian 

workers have published most of the data from the western Gulf" of Alaska 

(AEIDC, 1974), but OCSEAP investigations in the northeast Gulf of Alaska 

provide some comparable data from adjacent areas (Feder et aZ., 1977a). The 

benthic invertebrate biomass on the Kodiak shelf appears to be greater than 

that of the NEGOA area, and a higher percentage of the Kodiak biomass is 

believed to be available· as food for fish (see summary draft report by 

MacDonald and Petersen, 1976). Additional summary information for the Gulf 

of Alaska is also available in the literature review of Rosenberg (1972). The 

Soviet benthic work was accomplished in the deeper waters of the Kodiak shelf, 

and was of a semi-quantitative nature with little hard data to permit extra

polations useful for predictive analyses of the effects of oil on the benthos. 

The exploratory trawl program of the National Marine Fisheries Service is the 

most extensive investigation of commercially important species of the Kodiak 

shelf (unpub. data; reports available from the National Marine Fisheries 

Service Laboratory, Kodiak). However, most of the invertebrate data from the 

latter investigation are difficult to interpret, but some idea of the dominant 

organisms likely to be encountered in the offshore waters of the shelf is 

available from the study. 

Additional, but unpublished, information on the epifauna in the vicinity 

of Kodiak Island is available as a byproduct of the Alaska Department· of Fish 
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and Game King Crab Indexing Surveys (inquiries concerning these reports 

may be directed to Alaska Department of Fish and Game, Box 686, Kodiak). 

The International Pacific Halibut Commission surveys parts of the Kodiak 

shelf annually, but only records commercially important species of crab 

and fishes; non-commercially important invertebrate and fish species are 

generally lumped together in.the survey reports with little specific in

formation available. A compilation of some relevant data on renewable 

resources of the Kodiak shelf is available (AEIDC, 1974). The only recent 

inshore survey of the invertebrate benthos of the Kodiak Shelf is that of 

Feder et aZ. (1977c) accomplished in conjunction with the fish studies of 

P. Jackson and J. Blackburn of the Alaska Department of Fish and Game 

(OCSEAP Annual Report, 1977). These studies intensively investigated the 

benthos of two bays of Kodiak Island, Alitak and Ugak, and described the 

distribution and abundance of epifaunal invertebrates and demersal fishes 

there. Sufficient data were available from these studies to develop a 

preliminary food web for these two bays and inshore waters around Kodiak 

Island. Feder et aZ. (1977b) discusses the relevance of the inshore benthic 

study in the two bays, and the Kodiak shelf in general, to petroleum develop

ment there. 

Although OCSEAP sponsored research has initiated some inshore benthic 

studies in the Kodiak area, the coverage has been restricted geographically. 

Furthermore, little offshore benthic data is available to integrate with 

the inshore benthic work proposed for the coming year. Species found in 

bays, shallow inshore areas and deeper benthos of the Kodiak shelf are all 

highly mobile, and some of the more important species (e.g. king crab, snow 

crab, halibut) migrate between d~ep and shallow water during the course of 

a year. Data collected for the~e species from inshore areas only will not 

address their biological interactions in deeper shelf waters. Expansion 

of the data base from inshore to offshore waters is especially important to 

fully comprehend the biology of the commercially important king crab. The 

commercial pursuit of the latter species results in the most important 

invertebrate fishery in Alaska waters, and Kodiak king crab stocks support 

a substantial portion of the fishery. 

Commercial catch statistics of the Kodiak king crab in past years 

showed classic exploitation patterns with a peak year catch occurring 
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in the 1965-66 season. Since that time, annual harvest levels (quotas) 

have been imposed. Recent data substantiate that king 7rab stocks are 

responding to the reduced fishing pressure resulting from this management 

decision, and populations are apparently in the rebuilding phase. The 

two most commercially utilized stocks are southern district stocks II and 

III which cover Kodiak Island's southern waters to the continental shelf 

edge (unpub. Alaska Department of Fish and Game Reports). Recent trawl 

studies conducted in two Kodiak bays (Alitak and Ugak) show king crab as 

the dominant species there (Feder et al., 1977b). Alitak Bay is also a 

major king crab breeding area (Gray and Powell, 1966; Kingsbury and James, 

1971). Intensive king crab food studies within commercial stocks II and 

III should ultimately be pursued, and would help explain distribution and 

abundance patterns, including high commercial yield molting and/or breeding 

areas. 

Based on OCSEAP feeding studies iQitiated in the northeast Gulf of 

Alaska (inclusive of Cook Inlet), and four bays and selected inshore areas 

on Kodiak Island (Feder et al., 1977a, 1977b, Feder, 1978a, and unpub. 

OCSEAP data, it is apparent that benthic invertebrates play a major role 

in the food dynamics of commercial crabs and demersal fishes of the Kodiak 

shelf. Studies of relative abundance, seasonal distribution, life history 

and inter-specific relationships of nearshore fish communities in bays of 

Kodiak· Island by Blackburn and Jackson (R.U. 486) will examine tropho

dynamic relationships within these communities. Investigations of this 

type are essential to comprehend these nearshore communities. Integration 

·of invertebrate data from R. U. 5 with fish data resulting from R. U. 486 

and bird data resulting from R.U. 341 will markedly strengthen our under

standing of the nearshore benthic communities in the OCSEAP study areas. 

B. Lower Cook Inlet 

The operations connected with oil exploration, production, and transpor

tation in Cook Inlet present a wide spectrum of potential dangers to the 

marine environment. Adverse effects on a marine environment cannot be 

assessed, or even predicted, unless background data pertaining to the area 

are recorded prior to industrial development. Insufficient long-term infor

mation about an environment, and the basic biology of species in that 
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environment can lead to erroneous interpretations of changes in species 

composition, abundance and interactions that might occur if the area 

becomes impacted (see Nelson-Smith, 1973; Pearson, 1971, 1972, 1975; 

Rosenberg, 1973 for general discussions on benthic biological investiga

tions in industrialized marine areas; see Lewis, 1970 for discussion of 

population fluctuations of benthic invertebrates through time). 

Benthic organisms (primarily the infauna and sessile and slow

moving epifauna) are useful as indicator species for a disturbed area 

because they tend to remain in place, typically react to long-range en

vironmental changes and by their presence, generally reflect the nature 

of substratum. Consequently, the organisms of the infaunal benthos have 

frequently been chosen to monitor long-term pollution effects, and are 

believed to reflect the biological health of a marine area (see Addy, 

1976; Feder eta~., 1973; Pearson, 1971, 1972, 1975; Rosenberg, 1973 for 

discussions on usage of benthic organisms for monitoring pollution). The 

presence of large numbers of epifaunal species (juveniles and adults) of 

actual or potential commercial importance (snow crab, king crab, pandalid 

shrimps, scallops, bottom fishes) in Cook Inlet (Feder et a~. , 1977a and 

draft copy of Lower Cook Inlet Synthesis Report, 1977) further dictates 

the necessity of understanding benthic communities since most of these 

commercial sp~cies feed on infaunal and small, slow-moving epifaunal 

residents of the benthos (see Feder et a~., 1977a,b; Zenkevitch, 1963 for 

discussions of the interaction of commercial species'and benthic biota). 

Thus, it is apparent that drastic changes in density of the food benthos 

would affect the health and numbers of these commercially important epi

faunal organisms. 

Few data on non-commercially important invertebrate components of the 

benthos of Cook Inlet were available until recent OCSEAP studies were 

initiated (Feder et a~., 1977b; Feder, 1978b and D. Lees, unpub. data and 

reports; draft copy of Lower Cook Inlet Synthesis Report, 1977). The pri

mary data available were principally catch and assessment records for com

mercial shellfish species. Based on OCSEAP feeding studies accomplished 

in lower Cook Inlet, it is apparent that benthic invertebrates play an 

important role in the food dynamics of commercial crabs and demersal fishes 

there. Proposed studies for 1977-79 by Feder (R.U. 5) and Blackburn (R.U. 
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512) on relative abundance, seasonal distribution, life history and inter

species relationships of nearshore invertebrate and fish communities in 

the inshore waters of Lower Cook Inlet will clarify some of the ecological 

interactions operating within these benthic assemblages. Fur~her, inter

tidal and shallow subtidal investigations by Lees (R.U. 417) will examine 

inshore many of the same species found.in deeper waters. His studies will 

not only exp~nd our understanding of these species over the .. entire range 

of their distribution, but will closely integrate the life history of these 

species with land-derived nut:t;"ient materials. (river runoff with contained 

terrestrial detritus) and algal detrital derivatives. Lees (R.U. 417) sug

gests that the macrophytes of the intertidal and shallow. subtidal regions .. 

produce mate.rials utilized by detritivores in shallow and deep waters 

throughout Cook Inlet. Many of the organisms depending on these plant 

materials are either of commercial importance or are food items important 

to commercial species •. Lees indicates that in.the past few years informa

tion linking the macrophyte producers to commercially important species 

has beg~n to emerge but that the full importance of this linkage has yet 

to,be recognized, He also points out that many marine birqs and mammals 

depend heavily on organisms living in the inshore areas .which in turn are 

dependent on plant material produced by macrophytes. In Lees studies of 

the past two years and those proposed in his R.U. 417, great emphasis will 

be placed on acquiring data on primary production of major seaweeds from 

the high intertidal zone to a depth of 60 feet. These data and additional 

information from the proposal by Feder (R.U. 5) should assist in assessing 

the relative importance of macrophyte and terrestrial detrital materials 

as food sources to the biological assemblages of the inshore benthos of 

Lower Cook Inlet. Additional data collected by diving in 1978, and collec

tions taken by boat in areas not accessible for divers will be used to 

examine the trophic dynamic processes operational in these inshore areas. 

These data will further supplement the initial food studies reported by 

Lees (OCSEAP and unpub. studies in Cook Inlet), Feder et aZ. (1977a) and 

Feder (1978b). These studies suggested that deposit feeders in Lower Cook 

Inlet are concentrated in regions of detrital accumulations (e.g. Kamashak 

Bay). 

Thus, detrital materials as food for deposit feeders in lower Cook 

Inlet are important, and a large portion of this detrital input appears to 
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be derived from inshore macrophytes. The role of detritus and the sub

tidal sediment system in Lower Cook Inlet should be clarified by way of 

studies on transfer of carbon from sediment and detrital materials to 

selected deposit feeders. Preliminary studies of this nature have been 

initiated and further studies are suggested for 1979. Carbon sources 

should be examined to evaluate the source and quality of food resources 

available to depoSit-feeding species. The latter problems will be ad

dressed by way of ongoing studies by Larrance (R.U. 425) concerned with 

source, identification and variability of detrital materials at various 

levels in the water column. Incidental to the latter data, it is sug

gested that information should eventually be gathered on food available 

to dominant suspension-feeding components of the nearshore areas. 

Therefore, studies in lower Cook Inlet should focus on carbon flow 

from the sediment-detrital system through deposit-feeding species to 

epifaunal scavengers and/or predators. Disturbance or contamination, 

by oil-related activities, to sediment ·and detrital materials will directly 

affect the quality and quantity of food available to deposit-feeding spe

cies. Carbon flow and assimilation studies will establish the basic 

patterns to be expected in healthy systems. In conjunction with the 

sediment-infauna carbon transfer investigations suggested above, feeding 

data for such species as the snow crab (a dominant species in Cook Inlet 

and an important food resource for some bottom-feeding fishes) are needed. 

Intensive studies of the food of this crab in 1977, 1978 and 1979 will 

clarify the trophic role of this crustacean in Cook Inlet. The major food .. 

items identified are deposit-feeding clams, hermit crabs, and barnacles 
I 

(Feder et aZ.., 1977a; Feder, 1978b; Paul et aZ.., in press). Further 

feeding data on the abundant king crab in Cook Inlet is also needed (see 

Feder et aZ.., 1977a; Feder, 1978a). The relationship of bottom-feeding 

fishes to benthic food webs has been examined in Cook Inlet and a preliw

inary food web constructed (see Feder et aZ.., 1977a), but it is suggested 

in this proposal that further documentation be obtained by additional 

frequency of occurrence and some quantitative data on selected species 

in collaboration with Blackburn (R.U. 512). 

Examination of the relationships of the reproductive biology of 

shrimps and crabs to the appearance of meroplankton in the overlying waters 
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w~l be possible in conjunction with the studies of English (R.U. 424). 

Interactions of bottom-feeding birds with inshore benthic invertebrates 

will be documented by way of discussions with Lensink (R.U. 341). 

C. Northeast Gulf of Alaska 

The operations connected with oil exploration, production, and trans

portation in the Gulf of Alaska present a wide spectrum of potential dangers 

to the marine environment there. Adverse effects on a marine environment 

cannot be assessed, or even predicted, unless background data pertaining to 

the area are recorded prior to industrial development. Insufficient long

term information about an environment and the basic biology of species in 

that environment can lead to erroneous interpretations of changes in species 

composition, abundance and interactions that might occur when the area 

becomes impacted-(see Nelson-Smith, 1973; Pearson, 1971, 1972, 1975; Rosen

berg, 1973 for general discussions on benthic biological investigations in 

industrialized marine areas; see Lewis, 1970 for discussion of population 

fluctuations in time). 

Benthic organisms (primarily the infauna and sessile and slow-moving 

epifauna) are useful as indicator species for a disturbed area because they 

tend to remain in place, typically react to long-range environmental changes 

and by their presence, generally reflect the nature of the substratum. 

Consequently, the organisms of the infaunal benthos have frequently been 

chosen to monitor long-term pollution effects, and are believed to reflect 

the biological health of a marine area (see Addy, 1976; Feder et aZ., 1973; 

Pearson, 1971, 1972, 1975; Rosenberg, 1973 for discussions on usage of 

benthic organisms for monitoring pollution). The presence of large numbers 

of benthic epifaunal species of actual or potential commercial importance 

(snow crab, king crab, pandalid shrimps, snails, bottom fishes) in the shelf 

ecosystem of the northeast Gulf of Alaska further dictates the necessity of 

understanding penthic communities since many commercial species feed on 

infaunal and small, slow-moving epifaunal residents of the benthos (see 

Feder et aZ., 1977a,b; Zenkevitch, 1963 for discussions of the interaction 

of commercial species and benthic biota). Thus, drastic changes in density 

of food benthos would undoubtedly affect the health and numbers of these 

fisheries organisms. 
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Little was known about the biology of the invertebrate benthos of 

the northeast Gulf of Alaska at the time that OCSEAP studies were initiated 

there, although a compilation of some relevant data on the Gulf of Alaska 

was available in Rosenberg ·(1972) (also see the review in AEIDC, ·1974); 

Some scattered data based on trawl surveys by the Bureau of Commercial 

Fisheries were also available but much of ·the information on the inverte

brate fauna in these surveys was so general as to have little value. In 

the summer and fall of 1961 and spring of_ 1962 otter trawls were used to 

survey the shellfishes and bottomfishes on the continental shelf and upper 

continental slope of the Gulf of Alaska (Hitz and Rathjen, 1965). The 

surveys were part of a long-range program begun in 1950 to determine the 

size of bottomfish stocks in the northeastern Pacific Ocean between south

ern Oregon and northwest Alaska. Inv'ertebrates taken in trawls were only 

of secondary interest, and only major groups and/or species were recorded. 

A,short survey in the summer of 1975 added some b~nthic biological data. 

for a specific area.south of the Bering Glacier (Bakus and Chamberlain, 

1975). Results of the latter study are similar to those reported by Feder 

and Mueller (1975) in their preliminary NEGOA investigation. 

Further knowledge of invertebrate stocks in the north Pacific is scant. 

The International Pacific Halibut Commission surveys parts of the Gulf of 

Alaska annually and records selected commercially important invertebrates; 

however, non-commercial species are typically discarded. Thus, the benthic 

investigations summarized by Feder et aL. (1977a) in their study of the 

past two and·one half years represent the first intensive qualitative and 

quantitative examination of the benthic infauna and epifauna of the north

east Gulf of Alaska. Furthermore, information in a literature survey have 

uncovered data that will aid in the interpretation of the biology of some 

of the dominant organisms in the Gulf of Alaska (Feder and Mueller, 1977). 

Feder (1976) indicates that crustaceans, molluscs and echinoderms are the 

leading invertebrate groups on the NEGOA shelf with the commercially im

portant crab, Chionoeaetes bairdi, clearly dominating all other species. 

Stomach analysis of the Pacific cod Gadus maaroaephaLus on the Kodiak shelf, 

lower Cook Inlet, and presumably also the NEGOA region, reveals that C. 

bairdi is a do~inant food item of that fish (Feder et aL., 1977a;b). Thus, 

the Pacific cod, a non-commercial species that has commercial potential 

24 



-

(Jewett, 1977; unpub. M.S. thesis), is preying intensively on a species of 

great commercial significance. Furthermore, laboratory experiments with 

C. bairdi have shown that postmolt individuals lose most of their legs 

after expos.ure to Prudhoe Bay crude oil (Karinen and Rice, 1974). The 

result of these experiments on this important crustacean must be seriously 

considered during development of petroleum resources in the Gulf of Alaska. 

The shallow subtidal regions (those accessible by diving techniques) 

are little known but extremely important components of the shelf system of 

the northeast Gulf of Alaska. These regions are closely tied to the deeper 

shelf regions by way of nutrient and biotic interactions. The macrophytes 

in these shallow .regions may produce materials utilized by detritivores in 

some areas of the shelf. Many of the organisms here that depend on these 

plant materials are either of commercial importance (e.g. shrimps, clams) 

or are ·food items (e.g. polychaete worms, amphipods, small crabs) important 

td non-commercial species. In the past few years, information linking the 

macrophyte producers t~ commerciai fisheries has begun to emerge, although 

the full importance of this linkage has yet to be recognized (D. Lees, 

pe~son. commun. and R~U. 417). Additionally, many important marine bird 

and mammals depend heavily on organisms living in the inshore areas which 

in turn are dependent on the detrital materials produced by macrophytes. 

Furthermore, the shallow inshore areas are important to many commercial 

species for spawning and rearing activities. It· is obvious that increased 

information on nearshore communities is essential. The data produced from 

nearshore work will be of particular importance to investigators examining 

inshore fish and bird populations as well as shallow water and offshore 

benthic assemblages. An expansion of the data base on the seasonal and 

long-term variation in species composition and structure of the nearshore 

(shallow water) zone in NEGOA is recommended; regions accessible to SCUBA 

and to shallow-draft boats need intensive work on species composition and 

distribution. 

Some preliminary information on feeding biology of epifaunal inverte

brate speci~s of the Gulf of Alaska is available from literature analysis 

and very preliminary information collected on NEGOA cruises of the past two 

years. Feeding habits of infaunal invertebrate species have been tabulated 
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from literature sources and unpublished data (Feder and Hueller, 1975). 

The fact that (1) most of the food data for infaunal invertebrate species 

in Appendix Table VI of Feder and Mueller (1975) is based on literature 

extrapolations from related species or the same species from other areas, 

and (2) that food information for invertebrate epifaunal species in NEGOA 

is almost nonexistent, emphasizes the paucity of data on the feeding bio

logy of Gulf of Alaska fauna. Tl1is lack of basis data dictates the urgency 

of immediate support of food studies and experimental work on species of 

the benthic infauna as well as epifauna in the nearshore and offshore waters 

of the Gulf of Alaska and else\vhere along the Alaska continental shelf. 

Results of surveys of the offshore benthic infauna in NEGOA have shown 

that infauna throughout much of the area is dominated by deposit feeders 

both in terms of abundance and biomass. In the areas examined, energy 

transfer from detritus through deposit feeders and eventually to higher 

trophic levels probably accounts for the major portion of energy flow from 

infauna to epifaunal organisms and demersal fishes. If an understanding of 

the trophic dynamics of the benthos in NEGOA is to be achieved, it is impor

tant that the transfer of carbon from detrital food sources to selected de

posit feeders, eventually be investigated. This research activity in NEGOA 

was not a part of the work for 1978 and is not included in the proposal for 

1979. The species selected for investigation should be infaunal species 

that have been quantitatively documented as dominant or which demonstrate 

potential as a food resource for critical species at higher trophic levels. 

Furthermore, detrital sources and the nature of the detritus in the study 

areas should be examined to evaluate the quality of the food resources 

available to deposit-feeding infauna. Incidental to the latter data, in

formation should be gathered concerning the food available to dominant 

suspension-feeding components of the infauna. 

The ultimate goal of feeding studies in NEGOA shou1d be the documen

tation of carbon flow from the sediment-detrital system through deposit

feeding species to the dominant epifaunal carnivores and/or scavengers. 

Disturbance or contamination, by oil-related activities, to sediment and 

detrital materials will directly affect the quality and quantity of food 

available to deposit-feeding species. Carbon flow and assimilation studies 
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should establish the basic patterns to be expected in healthy systems. 

Furthermore, the importance of deposit feeders as nutrient-carbon recycling 

mechanisms of the benthos should be examined. In conjunction with the 

sediment-infauna carbon transfer investigations suggested above, feeding 

data for such species as the snow crab C. bairdi, should be obtained for 

NEGOA. Snow crab feeding data are available for four bays on Kodiak 

Island and lower Cook Inlet (Feder et al., 1977a; Feder, 1978b; Paul et al., 

in press). This crab, like the king crab, moves between shallow inshore and 

deeper offshore waters, and is an important component of all regions of the 

NEGOA shelf. Thus, data on the feeding habits of the,snow crab from selected 

important shallow and deep NEGOA sites are necessary to understand. a major 

component of inshore and offshore shelf benthic communities. It is further 

suggested that the feeding and other aspects of the biology of the major prey 

items used by the snow crab be examined in future studies. The relationship 

of bottom-feeding fishes to benthic food webs has been examined in prelimi

nary investigations in waters of the Alaska shelf (Feder et al., 1977a,b,c; 

Smith et al., 1976), but it is suggested that further documentation is needed 

by way of additional frequency of occurrence data on selected species. 

V. OBJECTIVES 

A. The specific objectives that apply to all study areas are as follows: 

1. Determine, as time, funding, and logistics permit, the feeding 

habits of the principal inshore epifaunal invertebrate species 

emphasizing the commercially important shrimp and crab populations. 

2. Assess spatial and temporal distribution and relative abundance of 

epifaunal invertebrates in selected bays and inshore areas. 

3. Exchange data and information with R.U. 's 551, 552, 553, 341, 243, 

229, 417, 424 and 512 in order to develop a food web structure for 

lower Cook Inlet and the Kodiak shelf. 

4. Review and analyze the existing data base to provide a comprehensive 

description of benthic biota and environment in Kodiak, lower Cook 

Inlet and NEGOA lease areas. 
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B. The objectives by study areas: 

Kodiak Shelf. It is the intent of this investigation to (1) continue a 

qualitative and limited quantitative inshore survey of benthic inverte

brates in selected bays adjacent to the Kodiak Island lease area, 

Izhut.and Kiluida bays, via two cruises, and (2) analyze the biological 

material collected in 1978 in conjunction with R.U. 512. 

The specific objectives of this investigation are: 

1. On a limited basis, assess distribu'tion and relative abundance of 

epifaunal invertebrates, exclusive of king and snow crabs, in selected 

bays and inshore areas. 

2. Using available data, assess the distribution and abundance of king 

crabs and snow crabs in selected bays and .inshore areas, and selected 

offshore areas. 

3. Using available data, assess spatial distribution of selected, in

faunal invertebrate species. 

4. Determine, where possible, the feeding habits of the principal in

shore epifaunal invertebrate species exclusive on king crab (see 5 

below); the food habits of the pink shrimp and the snow crab are to 

be especially examined. 

5. Continue studies on the feeding habits of the king crab. The follow

ing listed objectives should eventually delineate (a) what the major 

geographic areas are that support (in terms of food) king crab of 

various sizes and life stages, and (b) which food item(s) or group(s) 
i 

are most important to the/enhancement of the size of a particular 

king crab stock. 

a. Examine, to the extent that collected material permits, the 
the p(!rcent weight and/or volume composition of prey items 
of king crab of dif.ferent.sex, length and ecdysis stage by 
area (depth) and time of year. 

b. Examine the feeding intensity of king crab following the same 
parameters as in objective (a) above. 

c. Examine the relationship between catch number of king crab and 
their feeding intensity as determined by objective (b). 
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6. Develop food webs integrating invertebrate, fish and bird feeding 

data. in collaboration with. the Alaska Department of Fish and Game 

R.U. 512. 

7. Compile seasonal reproductive data, and other biological data when

ever possible, on dominant benthic epifaunal invertebrates. 

Lower Cook Inlet. It is the intent of this investigation to review and 

analyze the existing data j;Jase to provide a comprehensive description of 

the benthic biota and to develop a food web structure. Data and informa

tion exchange will be coordinated with R.U. 1 s 553, ~43, 229, 424 and 512. 

Limited site-specific inshore studies will be continued in coordination 

with Lees (R. U. 417). Limited studies, as ·funding permits, on 'carbon 

flow from the shbtidal sediment-detrital system to deposit feeders will 

be continued. 

The specific objectives of this survey are: 

1. Examine the spatial distribution and· relative abu'ndance·'of epifaunal 

invertebrates in selected inshore areas, and juvenile snow crab in 

the deeper.<;lreas adjacent to Cape Douglas primarily by way of data 

collected in 1977 and. 1978. OCSEAP studies (see Feder et al., 1977 

and Feder, 1978 for conunents on this nursery area). 

2. Assess spatial distribution of selected, inshore infaunal inverte

brate species by way of OCSEAP data collected by Lees in R.U. 417 

and by way of a subcontract of Lees to R.U. 5 in FY 1978. 

3. Assess available data that address carbon transfer from the subtidal 

sediment-detrital system to deposit feeders in lower Cook Inlet. Data 

and biological material collected by R.U. 5 in 1978 will form the 

m'ajor base for this objective. 

4. · Assess available data on the feeding habits of the principal inshore 

invertebrates (hermit crabs, shrimps, king crab), exclusive of snow 

crab. Data and biological material collected by R.U. 5 in 1977 and 

1978 will form the major base for this objective. 

5. Investigate the feeding biology of the snow crab by way of data col

lected by R.U. 5 in 1977 and 1978. 
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6. Investigate the basic biology of the major prey species of snow crabs; 

species to be examined will be chosen from selected bivalve and hermit 

crab species previously collected. 

7. In conjunction with Blackburn (R.U. 512) and data currently available, 

determine the food habits of selected inshore, bottom-feeding fishes 

(species predominantly or exclusively utilizing invertebrates for food) 

(see Feder et at., 1977a,b,c for examples of a similar approach using 

frequency of occurrence data). 

8. Assess available data collected by' R.U. 5 in 1978 on prey densities 

and feeding responses of larval snow crab, king crab and pink shrimp. 

9. Develop food webs integrating invertebrate, fish, bird and marine 

mammal feeding data in collaboration with Lees (R.U. 417), Blackburn 

(R.U. 512), Calkins and Pitcher (R.U. 243), and Lensink (R.U. 341). 

See Feder et at. (1977a,b,c) and Lees (OCSEAP Reports) for examples 

of this approach. 

10. Compile reproductive data (based on laboratory and field data current

ly available), on dominant benthic epifaunal invertebrates. 

11. Continue limited age and growth, and mortality studies on important 

clam species (especially those important as food for dominant epi

faunal invertebrate species, such as snow crab) and demersal fishes. 

12. Utilize data obtained in this study and other available studies (e.g. 

R.U. 59) to suggest potential sensitivity of the inshore benthic com-

munities to oil pollution. Commercial species will be emphasized. 
; 

! 

Northeast Gulf of Alaska. It is the intent of this component of the 

investigation to review and analyze the existing data base and reports 

to provide a comprehensive description of the benthic biota and environ

ment of the NEGOA study areas. 

VI. GENERAL STRATEGY AND APPROACH 

A. Kodiak Shelf 

Most of the field data will be obtained in conjunction with trawling 

activities of Alaska Department of Fish and Game in Izhut and Kiluida 
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Bays. Sampling will be accomplished in these areas by way of two cruises 

in October-November 1978 and February-March 1979. Sampling will encompass 

stations established at the selected study sites. Several sizes of otter 

trawls will be employed as collection tools; otter trawls will generally 

be the same ones used by the ADF&G project. The intensity at which sites 

are sampled will be dependent on weather and available survey time. Care 

will be taken to maintain the same sampling locations and intensity at 

each collection period. Epifaunal material and some fish stomachs w~ll 

be examined on shipboard, when time permits, according to the methodology 

described in Feder et aZ., (1977a). All other material will be examined 

in the laboratory. The king crab feeding study will be coordinated with 

Guy C. Powell, king crab biologist, ADF&G, Kodiak. SCUBA will be used, if 

time and logistics permit, at selected locations for inshore collecting 

and direct observation of king crab activities. The major sites chosen for 

king crab SCUBA studies will be selected on advice of Guy Powell, and will 

be important sites used by these crabs for feeding and reproductive activ

ities. Limited observations and experiments concerned with king crab feed

ing and reproductive biology will be accomplished at the Seward Marine 

Station. 

Expanded information on king crab, snow crab, and pink shrimp feeding 

habits will be forthcoming by way of analysis of samples collected during 

FY 1978. Limited feeding data on bottom fishes will also be available from 

shipboard observations and laboratory analysis of small samples of a few 

selected species. 

Field and Laboratory 

Studies will be conducted in conjunction and close coordination with 

R.U. 's 553, 341, 243, 229, 417, 424, and 512. Close coordination between 

projects, besides promoting efficiency and economy, should enhance assimi

lation and interchange of data on inter-species relationships and seasonal 

succession of marine organisms. 

B. Lower Cook Inlet 

A major portion of the effort for the'lower Cook Inlet study will be 

directed to analysis of samples collected during FY 78 and subsequent 
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I. 

I 
··I 

interpretation of the data with emphasis on the trophic relationships of 

the snow crab, ~nionoeaetes bairdi~ It is suggested, that, as need war

rants, participation by one member of' the benthic group on cruises in 

lower Cook Inlet be considered; such occasional participation will make 

available field data as well as preserved and live material of use in 

carbon-flow studies and in the preparation of the Final Report. 

The approach used to accomplish ·the objectives' 'in water of diving· 

depth initiated in FY 1978 will be to coordinate our data from FY 78 

with that of Lees (R. U. 417) at some of his intensive study sites {see 

Lees OCSEAP Reports), e.g. Seldovia Point, Bluff Point, Iniskin Bay, 

Kamashak Bay. No diving will be accomplished by R. U. 5 in Cook· Inlet. 

Funding from R.U. 5 in FY 1978 was used to enhance Lees investigation by 

extending his work into additional feeding and growth studies (e.g. as 

need dictates, initiate.studies on selected species of crabs, and/or 

Modio~us, and/or Saxidomus, and/or Mya spp.), and should complement his· 

R.U. 417 sponsored work. Analysis of data provided by Lees and Rosenthal 

(R.U. 417) and Rosenthal (subcontract) in 1978 will occur. 

In order to assess carbon transfer from a sediment detrital system 

to deposit feeders, some estimate of prokaryotic (bacterial) biomass in 

sediment and in invertebrate gut contents is necessary. Although various 

techniques for measuring prokaryotic biomass are in use; all of· them have 

limitations. One of the most specific is the assay for muramic acid, a 

component of prokaryotic cell walls (King and White, 1977; Moriarty, 

1977a). Two major advantages of· this: technique are· that it measures only 

prokaryotic biomass and can be u~ed to assess the prokaryotic biomass in 
I 

gut contents as well as sedimen~ (Moriarty, 1976, 1977b). In the past six 

months the benthic group has been doing limited work with the methodology 

for the muramic acid assay. Serious problems still remain with the tech

nique. We do not feel that usable data will be produced by this technique 

in the near future. Therefore, we are discontinuing this line of research. 

Measurements of rate of deposition of sediment and its quality as a 

food source will be available from Larrance (R.U. 425). Existing data on 

distribution and abundance of benthic species can then be interfaced-with 

the above information to provide a better -understanding of .. the subtidal 
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sediment~detrital.system in lower Cook Inlet! This synthesis of infor

mation. ~ill. be preliminary and brief .. in nature; an in-depth understand

ing of this system cannot be. expected by the end of ,·FY 1979. 

The. feeding habits of two important groups of shrimps and the snow 

crab in lower Cook were investigated at the ·seward Station in FY 1978. 

Experimental studies on snbw crab· feeding rates·were initiated in the 

laboratory ·.in FY 1978. These studies have, yie~ded moult~ng and re~ro

ductive information on snow crab as a spinoff of .the. maintainance of. 

large numbers of these crabs ~~ holding tanks at Seward. Similar moult

ing and the feeding habits of selected benthic invertebrate specie!) 

(juvenile and adult snow crabs, hermit crabs, _shrimps) will be examined 

in FY.) 9 by continu!:!d analysis of s~mples co).lect:ed in FY .78. Food 

species. will be tab1.1;lateC1;. digestible organic material, non-:-digestible 

organic material, and sediment content of stom~uzb:S .will be determined. 

These data will be integrated with laboratory experimental information. 

Close coordination with R.U. 417, R.U. 341~ R.tJ. 424, R.U. 275; and 

R..U. 2'43 besides promoting·efficiency, should enhance assimilation and 

interchangl'! of data •. 

C.. ~ortheast Gulf of Alaska 

Final analysis and in~erpretation of the benthic invertebrate data 

will be based on th~ published reports now: availa'Qle to OCSEAP (Feder, 

1978b, in prep.; Feder and. Mueller, 1975; Fec;ler ~tat., 1977a,b,c; Jewett 

and Feder, 19.76; Jewett, 1977; Paul et aZ.., in. press) •. 

Sampling Methods 

A. · Kodiak Shelf 

·sampling will coincide with that of ADF&G on two cruises in October

November 1978 and February-March. 1979. Epifaunal material wi:ll be taken · 

with gear fished by ADF&G personnel on each cruise. Invertebrates will 

be, separa.ted, enumerated and weighed according to the methodolO$Y de

scribed in Feder et at. (1977a,b), All invertebrates will be given ten

tative identifications, and representative samples of. :individ~al ,species 
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preserved and labeled for final identification at the Institute of Marine 

Science and the Marine Sorting Center, University of Alaska, Fairbanks. 

Samples will be fixed in 10% buffered formalin, and examined in Fairbanks. 

Stomachs of selected species (e.g. pandalid shrimps, crangonid shrimps, 

king crab, snow crab, selected species of bottom fishes) will either be 

examined on shipboard or in the laboratory in Fairbanks. All species 

used in ~eeding studies will be measured. King crab examined in feeding 

studies will be separated into as many ecdysis stages as possible (up to 

8 stages). Whenever possible, the entire gut (stomach and intestine) will 

be removed. This material will be fixed in 10% formalin. 

The eight classes of king crab (classification adapted after Power 

eta~ .• 1974) are: 

a. juvenile females: non-ovigerous females <120 mm (length). 

b. Adult females: ovigerous females >95 mm. 

c. Newshell males <100 mm: individuals that molted during the last 
molting period. 

d. Oldshell males <100 mm: individuals that failed to molt during the 
last molting period; often referred to as skipmolts. 

e. Very oldshell males <100 mm: individuals that failed to mold during 
the last two or more molting periods; often referred to as double 
skipmolts. 

f. Newshell males >100 mm. 

g. Oldshell males >100 mm. 

h. Very oldshell males >100 mm. 

B. Lower Cook Inlet 
i 

One to two cruises may be"required to obtain biological specimens for 

feeding and carbon flow studies (ses Section on General Strategy and 

Approach). Sampling will be accomplished on a substantial vessel that 

will have the capability of trawling with commercial gear, dredging and 

g~ab sampling (van Veen grab). In addition, this vessel should have suf

ficient space to permit preliminary workup of trawl material (see Feder 

eta~ .• 1977a for methodology), should have running sea water at an appro

priate pressure _to permit washing of grab and pipe dredge samples on board 

ship. Periodic collections of experimental animals (shrimps, snow crabs) 

will be made in Resurrectio'n Bay on a charter boat (see Budget item in 
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Cost Proposal); samples collected will be used for feeding and carbon

flow studies at the Seward Marine Station. 

All dredge and grab material will be washed on 1.0 mm screens. All 

trawled and dredged invertebrates will be given tentative identifications, 

and representative samplesof individual species preserved in 10% buffered 

formalin, and labeled for final identification at the Institute of Marine 

Science and the Marine Sorting Center, University of Alaska, Fairbanks. 

Stomachs of selected species (e.g. shrimps, king crabs, snow crabs, hermit 

crabs) will either be examined on shipboard .(see special shipboard examina

tion need referred to above) or in the laboratories in Fairbanks. All 

species used in feeding studies will be measured, separated by sex where 

readily possible (e.g. in crabs but not necessarily in shrimps), and 

separated into as many size groups as possible. Clams to be used in growth 

and mortality studies will be separated from sediments on shipboard, and 

measurements made on them in the laboratory. 

Sedimentation rates will be estimated by coordination with Larrance 

(R.U. 425). Organic nitrogen and_ organic·carbon of suspended sediment load 

will be determined by Larrance (RU. 425) from water samples taken three 

to five meters above the substrate. 

C. Northeast Gulf of Alaska 

No sampling will be accomplished during this research period. 

Analytical Methods 

A. Kodiak Shelf 

Final ·analysis of inshore epifaunal and infaunal material will be 

accomplished in the laboratory in Fairbanks and.Sewa~d by methods developed 

in past offshore OCSEAP studies by Feder (Feder et aZ., 1977a,b,c). All 

species will be assigned Taxon Code numbers, and will be summarized accord

ing to computer programs developed previously (for example, see Feder et 

aZ., 1977a). Community composition and structure will be .described. Sto

mach analyses will be accomplished in the laboratory with quantitative data 

obtained for some species; weight or volume composition of prey items will 
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be specifically taken for king crab material. If appropriate, feeding 

intensity of king crab will be calculated using the following Food Index 

(see Takeuchi, 1959): 

FW 4 
F.I. = BW x 10 

where FW weight of food contents 

BW body weight 

All data will be summarized and analyzed with available o~ specially written 

computer programs. Food webs will be constructed from accumulated and in

tegrated (fish, bird, marine mammal) data (see Feder et aZ., 1977a,b,c, for 

examples); semi-quantitative flow lines indicating the importance of a par

ticular food item will be used in this project whenever possible. 

B. Lower Cook Inlet 

:Final analysis of inshore epifaunal and infaunal material will be ac

complished in the laboratory and the Marine Sort:Lng Center, University of 

Alaska, by methods developed in past offshore OCSEAP studies by Feder 

(Feder et aZ., 1977a,b,c). Analysis of some materials in collaboration 

with Lees (R.U. 417) is planned. All species will be assigned Taxon Code 

numbers, and will be summarized according to computer programs developed 

previously for other benthic studies by Feder (for example, see Feder et aZ., 
1977a). Community compos·ition and structure will be described using data 

available from collections made on past Cook Inlet cruises by Feder and the 

data in Feder (1978b). Stomach analyses will be accomplished according to 

methods described in Feder ep aZ. (1977a,b,c). Stomach data will be quanti-
' tative for some species, pr.imarily the snow crab, but other species may be 

so exemined as field surveys indicate their importance. In the quantitative 

analysis of stomach contents, either total weight or volume of the contents 

will be measured relative to the size (weight) of the whole animal. Feeding 

intensity of the snow crab (and other species; if need and time permit) will 

be obtained by using a Food Index (e,g., Takeuchi, 1959). All data will be 

summ~rized and analyzed with available or specially written computer pro

grams at the University of Alaska. Clam species will be analyzed according 

to Feder and Paul (1974) and Paul et aZ. (1976). 
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Food webs will be constructed in collaboration with Lees (R.U. 417), 

English (R.U. 424), Blackburn (R.U. 512), and Lensing (R.U. 314), from accu

mulated and integrated (invertebrate, fish, bird, marine mammal) data (see 

Feder et aZ., 1977a,b,c; Feder, 1978b and Lees OCSEAP Annual Reports for 

example); semiquantitative flow lines indicating the importance of food 

items will be used whenever possible. 

In the shallow-water sites examined in collaboration with Lees 

(R.U. 417), all techniques described in his R.U. 417 proposal will be 

used. 

In research and development efforts designed to ,measure carbon transfer 

from sediment to _infaunal deposit feeders, organic ·carbon will be determined 

using a CHN analyzer. The development of liquid scintillation counters and 

improved methods of tissue digestion have made it possible to use radio

tracer experiments to examine ingestion and assimilation of labeled bacteria, 

benthic diatoms and detritus by benthic deposit and suspension feeders 

(Hargrave, 1970; Kofoed, 1975a,b; Moriarty, 1976; Tenore et aZ., 1968, 1977; 

Wetsel, 1976; Yingst, 1976). If time and logistics permit, selected organ

isms will be measured using adaptations of the methods of Tenore (1975) and 

Yingst (1976). 

The methods planned for studies designed to comprehend the feeding 

habits of two important groups of shrimps (pandalids and crangonids) are 

as follows: A detailed stomach content analysis of formalin-preserved 

~pecimens will be made with dissection and compound microscopic equipment. 

The detailed gut content analysis, will constitute the most important com

ponent of the study on feeding habits of these animals. 

The analytical methods planned for laboratory investigation of snow 

crab food habits'are as follows. Crabs collected in the field in FY 1978 

(formalin preserved) and crabs fed (and sacrificed) in the laboratory will 

be used. The volume of the stomach and its contents will be determined, 

and the contents examined for prey items. The dry weight of the stomach 

contents are determined by drying to a constant weight at 60°C. The dry 

contents are then digested in· KOH, dried again, and weighed to determine 

the digestible organic fraction. If the stomach contains sediment, the 

remaining material is digested with hydrochloric acid to remove all $hell 
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and crustacean exoskeletal material. The latter material is then dried to 

determine sediment weight. The percentage of each fraction of the stomach 

contents is then calculated. If time permits, stomach contents from shrimps 

taken at various stations in the field will be analyzed for organic carbon. 

VII. DELIVERABLE PRODUCTS 

A. Digital data 

File tape 032 will be used as in past years to submit quantita

tive data on benthic abundance and distribution. Data submissio~s 

for this Research Grant are prepared by R.U. 350 contract 03-5-

022-56. Procedures to ensure quality have been submitted by 

R.U. 350. 

B. Narrative Reports 

Scientific publications will be prepared and submitted as data 

becomes available. No publications of this nature are currently 

ready for submission. All or a portion of the Annual Report will 

be published as an Institute of Marine Science Technical Report. 

The Final Report for lower Cook Inlet will include: 

a. A final analysis and synthesis of all results on distribution 
and abundance; feeding habits and food web relationships of 
the animals studied; food web descriptions; age, growth, and 
mortality of clams; reproductive biology. 

b. A final analysis and evaluation of carbon-transfer work con
ducted in FY 78. 

c. A final analysi~ and synthesis of all of the above information 
relative to pot;ential impacts by OCS Activities. 

C. Visual Data 

All data submitted on a map format will be included in standard 

maps specified by OCSEAP. Each map will be submitted as transparent 

Mylar film overlay to the ELM-Alaska OCS office. The Annual Report 

will include 8 x 11~ paper reductions of these maps in an appropri

ate scale and projection. Included with each submission·of map 

products to BLM, labeled on the Mylar overlay, will be the appro

priate information necessary to define the origin and interpreta

tion of the map. 
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D. Other 

Not applicable. 

E. Data to be formatted and submitted through R.U. 350. Data sub

mission schedules are prepared and updated quarterly. 

VIII. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

Voucher specimens will be archived for the purpose of providing inter

comparisons of taxonomic identifications. This archive will be maintained 

for the.duration of this contract period; at which time the specimens will 

be handled in accordance with a plan presently being formulated by and 

negotiated with OCSEAP Juneau. 

IX. LOGISTICS REQUIREMENTS. 

See attached forms. 

X. ANTICIPATED PROBLEMS 

A. Kodiak Shelf 

1. Weather precluding completion of the two monthly surveys of the 

periods October-November 1978 and February-March 1979 as planned. 

2. Logistics problems precluding completion of diving studies. Specif

ically, inoperable weather conditions at planned survey periods and 

unavailability of proper small boat for support of diving activities. 

3. Securing use of appropriate small fishing-type boat, on charter, with 

winch capability for use in trawling activities in Izhut and Kiluida 

Bays. Specifically, gear on boat capable of effectively dragging and 

recovering trawls with bags full of target species - king crabs, snow 

crabs, shrimps. This was a serious problem in FY 78. 

4. Work plan for the small, charter boat not coinciding with the needs 

of RU 5. Specifically, cruise plan for the small boat not cooper

atively organized so that all parties using the vessel receive 

sufficient time to enable them to fulfill objectives of their 

39 



respective projects. This was a serious problem in FY 78, the major 

usage of the small boat was planned independently of RU 5 and the 

resultant cruise plans did not coincide with the depths of water re

quired by RU 5 to fulfill its objectives relative to king crab, snow 

crab.and pink shrimp. 

5. Relative to points 3 and 4'above, the problems alluded to in FY 78 

will essentially prevent "adequate seasonal coverage for completion 

of a year or field sampling (April 1978-March 1979)". Also, the 

year-round coverage will take place in Izhut and Kiluida Bays, and 

coverage will not be equivalent to the excellent coverage that re

sulted from the intensive bay-wide activities in Alitak and Ugak 

Bays in FY 1977. Success of the FY 1977 cooperative effort with 

Alaska Department· of Fish and Game (ADF&G) in the latter two bays 

is attributed to over-lapping goals; the problems of FY 78 and 

possibly FY 79 arise from Research Units with dissimilar goais 

~baring a boat platform. It. ~hould be emphasized that cooperation 

between ADF&G and IMS has been excellent; the problems in FY 1978 

stem from widely differing goals for the two research groups. 

6. Relative to points 3 and 4'above and the selection by OCSEAP of two 

bays for study that may not have large populations of target species 

(i.e. king crabs, snow crabs, pink shrimp). Specifically~ insufficient 

sample. sizes of these .. species, especially the pink shrimp, to utilize 

in the feeding studies ·listed in Objectives 1-5.· 

7. Resolution of the problem concerning availability of food data from 

the fish species cho~en by RU '5 to be directly related to benthic 

invertebrates of importance. This access is essential to the con

tinuing and ever..:developing'clarification of benthic food webs to 

be developed during the project period~ A close integration of our 

project with the one concerned with the quantitative workup of fish 

stomachs.must be achieved; the data flow should be as prompt as pos

sible on the species of direct interest to RU 5. This did not occur 

in FY 78. 
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8. Acquisition of some crab (king and snow) material from water deeper 

than 40 m so that a more complete picture of crab feeding habits can 

be obtained. This need was only marginally met in FY 78. 

9. Markedly reduced funding relative to FY 78 will necessitate a 

drastic cut in staff which in turn will greatly curtail the data 

output in FY 79 and the scope or the Final Report to be expected 

at the end of 79. 

Contingenay PZan 

If weather precludes completion of both tra:wl surveys, it. is assumed 

~hat sufficient data will be available from the spring and summer of 1978 

to clarify some of the main invertebrate feeding relationships in Izhut and 

Kiluida Bays for a portion of the year. Mutual agreement between OCSEAP 

and RU 5 concerning lack of year-round coverage due to .weather is antici

pated. 

If weather precludes completion of diving studies or seriously limits 

them, it is assumed that access to da.ta from the summer of 1978 and discus

sions with Guy Powell (ADF&G) will give insights into the biology of king 

crabs, especially very ypung individuals,, that .will permit limited general

izations. Mutual.agreement between OCSEAr and RU 5 concerning lack of a 

broad data base resulting from diving due to weatqer problems is anticipated. 

Relative to points 3-5 above, it is assumed that sufficient data will 

be available from the spring .and summer of 1978 to clarify some of the main 

invertebrate interrelationships. The major lack might be in-depth and com

prehensive coverage of the bays; the data base might not be as comprehensive 

as that resulting from the studies in FY 1977 in Alitak and Ugak Bays. 

Mutual agreement between OCSEAP and RU 5 concerning problems caused by 

essentially insoluble logistics problems is anticipated. 

Relative to point 6 above, if insufficient pink shrimp material is 

forthcoming from the inshore trawling activities in Izhut and Kiluida Bays, 

it is suggested that ·contact be made with a commercial shrimp boat in the 

Kodiak area to obtain material from them as part of a special charter. 
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Relative to point 9 (i.e., reduced funding and curtailed staff), pri

orities will be established as the project proceeds, and only major sections 

of the investigation will be completed, Minor sections of the project will 

be carried as far as funding permits and recommendations for completion of 

these studies in the future will be included with the Final Report. 

B. Lower Cook Inlet 

1. Weather, logistics and other unanticipated problems in the diving 

program (initiated in collaboration with Lee's RU 417 in FY 78) pre

cluding;· (a) completion of diving surveys and (b) submission of or 

late submission of biological samples (i.e. selected species .of 

crabs, selected species of bivalve molluscs) to RU 5 to make it 

difficult to integrate this data into the Final Report. 

2. Securing use of appropriate vessel with commercial trawling capabil

ity and laboratory space for shipboard analysis at least twice during . ; 
the project period. 

3. Acquisition of sufficient snow crab specimens to do feeding experi

ments could be a problem. This might be especially true if an 

appropriate trawling vessel, capable of dragging up the large num

bers of crabs in Cook Inlet needed, cannot be available during FY 79. 

4. The need for assurance that RU 5 will have access to invertebrate 

material obtained by dragging activities associated with OCSEAP 

programs in the inshore areas of Cook Inlet. It is especially 

important that RU 5 have access to appropriate samples of snow crab, 

shrimp, and molluscs on:any OCSEAP cruises to Cook Inlet. 

5. Acquisition of some juvenile and adult snow crabs from waters deeper 

than 40 m so that a complete picture of crab feeding and growth 

activities can be obtained. Sampling in the area off Cape Douglas 

(see Feder et at., 1977a for comments on this apparent nursery area 

for snow crab) is especially important. 

6. In the continuing research and development efforts concerned with 

carbon transfer from sediment to infaunal deposit feeders, dif

ficulties will continue to be experienced in collecting, transporting 

and ultimately maintaining in the laboratory, healthy specimens of 
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desirable test organisms. The organisms eventually selected for the 

experiments will be ones that meet the above tests, and can be main

tained for long periods of time in the sea water system at the Seward 

Marine Laboratory. Some additional delays in completing the experi

ments may also be anticipated when the organism(s) is chosen; experi

ments will have to be adapted to suit the ~eeding behavior of the 

organisms of interest. We have not completely resolved the muramic 

acid method as yet, and delay can be anticipated until all procedures 

are worked out. It is probable that the complexity of this parti

cular segment of the proposal and markedly r.educed funding will 

result in very preliminary data only during FY 79. However, it is 

anticipated that this data will be useful to make suggestions con

cerning carbon flow to infaunal feeding invertebrates. 

7. Markedly reduced funding relative to FY 78 will necessitate a 

drastic cut in staff which in .turn will greatly curtail the data 

output in FY 79 and the scope of the Final Report to be expected 

at the end of FY 79. 

Contingency PZan 

It is assumed that Lee's RU 417 will complete his project, and will 

collect considerable inshore invertebrate data based on the subcontract 

negotiated with him in FY 78. It is expected that despite the problems 

alluded to in 1 above that data and material will be forthcoming to enable 

predictions to be made for the inshore areas studied. Lee's 417 should· 

have sufficient inshore data that occurrence of the worst possible 

weather conditions should still make it possible for RU 417 and RU 5 to 

collaborate effectively in their respective Final Reports. 

If a vessel will not be periodically available in Cook Inlet to obtain 

the necessary snow crabs and shrimps for experimental work, it is antici

pated that charter of a small boat to use in Resurrection Bay will make 

these species available on an alternative basis. It is suggested that 

this could cause a budget problem, and that additional fiscal support might 

be requested for this charter if Resurrection Bay is the sole source of the 

experimental material for FY 79. The approximate funds that might be needed 

are $6,000 for about 12 days· of charter time. 
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Although problems must be anticipated in the limited studies on carbon

transfer from sediment to infaunal deposit feeders, it is assumed that suf

ficient information will be obtained to form the basis of a well-grounded 

study in future years. 

Relative to point 7 (markedly reduced funding and curtailed staff) 

priorities will be established as the project proceeds, and only major 

sections of the investigation will be completed. Minor sections of the 

project will be carried as far as fundingp~rmits, and· recommendations for 

completion of these studies in the future will be included with the Final 

Report. 

C. Northeast. Gulf of Alaska . I 

1. · . No problems are anticipated if no cruise ·occurs in FY 78. 

2. If a cruise is scheduled for summer of 1978, the low funding ($5,000) 

suggested for NEGOA i.nFY79 will not be sufficient to work~p the 

material colled:ed while simultaneously making '"final analyses and 

interpretation' of data obtained through field sampling during the 

summer of· FY 78. ,. 

Contingenay Plan 

If a cruise is scheduled and the value of the data obtained warrants in

depth workup of the material, it will be suggested at a later date than an 

additional 4-6 months of research assistant time be funded. The amount re

quested will be approximately $6,200 to $9,300 plus overhead. and staff benefits. 

i 
/ 

XL. INFORMATION REQUIRED.' FROM OTHER INVESTIGATORS 

Coordinated·sampling and sharing of results will be required from R.U. 's 

341, 551, 552, 553, 341, 243, 229, 417, 424, and 512. The necessary inter

change will be facilitated through informal contacts and OCSEAP Review, Plan

ning and Synthesis Meetings. 

XII. ACTIVITY/MILESTONE CHART 

See attached form 
( 

44 



XIII. OUTLOOK 

The direction of the research effort for FY 78 shifted from the exten

sive, broad offshore shelf activities of the previous three years to one that 

primarily examines site-specific areas. Furthermore, direct research activity 

for FY 78 was directed away from a prim'ary goal of>species assessment to one 

that addresses biological processes in the site specific areas. Although 

many of the approaches suggested in the research proposal for FY 78 and FY 

' 79 were either begun or, at least anticipated in 1976-77, ·no major effort had 

been funded during this period for process-oriented studies of the benthos. 

Thus, much of the work of FY-78 and FY 79 will represent initiation of new 

directions in research, and all of the experimental work suggested in the 

FY 78 and FY 79 proposals will be unique to ·the OCSEAP program in Alaskan 

waters. It is to be ·expected that much of the work suggested for the next 

few years of research will ~e designed to_further strengthen the data base 

originally developed in FY 78. The understanding of proc~sses operating in 

tqe benthicareas to be investigated will,.by ~7cessity, develop slowly, but 

the broadly based and interconnecting, studies f9r FY 78 and FY 79 suggest 

that major progress should be made in our understanding of inshore benthic 

communities. 

The outlook for the three study areas for FY 80 and FY 81 are treated 

below: 

Kodiak Shelf 

A. Nature of final results - ' 

1. Expand knowledge of spatial and temporal distribution and rela

tive abundance_of inshore,and offshore epifaunal organisms. 

2. Expand knowledge of trophic interrelationships of, domina_nt 

inshore infaunal. and epifuanal invertebrates and demersal 

fishes (emphasis on king and snow crab, pink shrimp, and 

other commercially important bottom-feeding species. 

3. Documentation of the nature and extent of carbon transfer 

from the sediment-detritus system-to infaunal deposit feeders 

(protobranch clams, Macoma spp. primarily) to king and snow 

crabs. 
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4. Continued recruitmentt age and growth and mortality data on 

important inshore clam species (specifically species important 

as food for dominant epifaunal species such as king crabt snow 

crabt selected species of bottom feeding fishes) taken in the 

course of the proposed study. 

5. Comprehension of the importance of prey densities and feeding 

responses of larval snow crabs, king crabs, and pink shrimp as 

factors in the survival of year classes in Kodiak waters. 

6• Expansion of knowledge of distribution, abundance, and general 

ecology of recently settled and very young juvenile king crabs 

by way of SCUBA in inshore waters. 

7. Expansion of knowledge of distribution, abundance, and feeding 

biology of juvenile king crabs in offshore waters. 

8. Data on the above from other bays and the outer shelf in the 

vicinity of the lease area as.an expansion of the overall data 

base for the Kodiak shelf. 

B. Milestones 

a. Cruises: expanded seasonal coverage with cruises in July, 

September, November, January, March, May. 

b. Report Submission: quarterly reports and annual reports;· 

selected papers and Technical Reports. 

; 
C. Cost: $150,000 ,' 

D.· Addition of Major Equipment: 

Chilling units (for larvae studies) 

Isotope measurement equipment 

Several swimming pools (for expanded feeding studies) 

E. Location of future field effort: 

.Same plus additional inshore areas as.diving needs dictate. 
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F. Logistics Requirements: 

Ro·ughly the same plus additonal cruises during the year. Addition 

of small boat support for SCUBA activity. 

Lower Cook Inlet 

A. Nature of final results 

1. Expand knowledge of spatial and temporal distribution and 

relative abundance of epifuanal invertebrates. 

2. Expand assessment of distribution of selected, inshore infaunal 

invertebrate species (specifically important food items of commer

cially important species). 

3., Intensively pursue experiments on carbon transfer from a sediment

detrital system to infaunal deposit feeders. 

4. Expand studies of feeding habits of principal inshore epifaunal 

invertebrates, exclusive of snow crab. 

5. Expand the study of the feeding habits of snow crab. Inter

relate the interaction of sediment-deposit feeder-snow crab as 

a logical extension of (3) above. 

6. Intensively pursue investigations of the major prey species of 

snow crab. 

7. Develop food webs interrelating all species from the benthos and 

pelagic regions, birds, and marine mammals. 

8. Develop and pursue studies on reproductive biology of key species. 

9. Expand age and growth and mortality studies on important clam 

species. 

10. Comprehension of the importance of prey densities and feeding 

responses of larval snow and king crabs, and pink shrimp as 

factors in the survival of year classes in Cook Inlet. 

11. Consider development of models of the Cook Inlet biotic systems. 
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B. Milestones 

1. Cruises:. continue cruises as dictated by the developing 

programs. 

2. Report submission: quarterly and annual reports; publication 

of variety of papers and technical reports on results of bio

logical studies •. 

C. Cost: 

Approximately $150,000. 

D. Addition of major equipment: 

Some analytical units for the chemical analyses n~eded in carbon 

flow experiments. 

E. Location: 

·I i Same plus additional sites as needed. 
I, 
!' 

,, 
I,, 

,I, 

, I 
r ,,: 

F. Logistics: 

I 
Roughly the same as FY 78 and FY 79. 

Northeast Gulf of Alaska 

A. Nature of final results 

1. Expand knowledge Qf spatial and temporal distribution and relative 
/ 

abundance of epi:J;aunal and selected .infaunal invertebrates. 

2. Intensive pursuit of experiments on carbon· transfer from a 

sediment-detrital system to infaunal deposit feeders. 

3. Expand studies of feeding habits of principal inshore epifaunal 

invertebrates. 

4. Expand the studies on the feeding habits of the snow crab. Inter

relate the interaction of sediment-deposit feeder-snow crab as a 

logical extension of (3) above. 

48 



5. Intensively pursue investigations of the major prey species of 

snow crab. 

6. Develop food webs interrelating all marine species in the study 

areas. 

7 •. Develop and pursue studies on reproductive biology of key species. 

8. Expand age and growth and mortality 'studies on important 

clam species. 

9. Consider development of models of the Northeast Gulf biotic 

systems. 

B. Milestones 

As per Cook Inlet comments. 

C. Cost 

Approximately $150,000 

D. Additional major equipment 

Equipment listed under Cook Inlet will be shared here. 

E. Location 

Sites to be chosen as needed. 

F. Logistics 

A boat with trawling capability. 

XIV. CONTRACTUAL STATEMENTS 

A. A schedule for data submission for each task order has been, and 

will continue to be, submitted and updated each quarter. 

B. This statement is in accordance with our base contract, and we will 

continue to comply. 
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C, See Section VIII of this proposal. The University of Alaska will· 

continue to negotiate a Voucher Specimen Policy with NOAA/OCS. 

We will comply with the then-agreed-to policy. 

D. See Section VI of this proposal. The University of Alaska agrees 

that the Principal Investigators can .travel to the Project Office 

at least twice during the contract year, .Provided that such travel 

is in accordance with University of Alaska travel policy and con

sistent with other University duties of the Principal Investigator. 

Funds for travel labeled "Administrative Travel" have been allo

cated in previous fundi~g cycles for R.U. 350. We believe suffi

cient funds remain for this FY. 

E. Data will be provided in the form and format agreed to by the 

University and NOAA/OCS in the negotiating of the Data Manage

ment Plans. Digital data will be accompanied by the D.D.F. 

(NOAA Form 24-13). 

F. ·As per Article 9 of the base contract, the University of Alaska 

agrees to the following: " ••. all archivable data is to be sub

mitted to the contractor to the Contract Data Manager within 

120 days after acquisition. Certain data sets such as plankton 

counts or volume are not available until sorting of samples is 

complete, The data so obtained are archivable 120 days following 

the actual sorting or other laboratory procedure." NODC Taxonomic 

Code will be used where appropriate for FY79 data submission. 

G. Within ten days of the completion of a cruise or data gathering 

effort, a ROSCOP data ,6ollection inventory form (NOAA 24-23) will 

be submitted to the p{-oject Data Manager by the Chief Scientist. 

H. As per the contract, the University of Alaska will maintain a 

property inventory including all information required by form 

CD-281 for all non-expendable equipment purchased with funds 

allocated under this contract. Furthermore, we will comply with 

the quarterly reporting of said inventory. 
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I. Three copies of all publications or presentation abstracts or 

manuscripts pertaining to technical or scientific material 

developed under OCSEAP funding will be submitted to the COTR 

prior to publication or presentation. Copies of all news 

releases mentioning OCS or using information gathered by OCS 

funding will be sent to the COTR. When made available, during 

the lifetime of the appropriate task order, five reprints will 

;, be sent to the Project Office. 

J. The following acknowledgment of sponsorship will be used: 

11 This study was supported under contrac't 03-5-022-56 
between the University of Alaska and NOAA, Department 
of Commerce, through the Outer Contintental Shelf 
Environmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Department 
of the Interior." ' 
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.WGISTlCS HEQUITU~HENTS - Kodiak-R •. U. # 5 . 

Plcnse. fill in all spaces or indicate not applicabiu (N/A). Usc additional 
sheets as necessary. BudEct line ~terns concerning locistics shouid be keyed 
to the relevant item dencrihed em tht:.:se fonns. 

INSTITUTION University of Alaska PRINCIPAL INVESTIGATOR """H:=:.. • ..;.M;;.:;•_;;;_.Fe.:..d.:..e.:..r__,._~---

A. SHIP SUPPORT 

1. Delineate proposed tracks and/or sampling grids, by leg, on a chart of the area. 

. 2. 

Include a li~t of proposed station geozraphic positions •. 
Stations of opportunity in lzhut and Kiluida Bays. 

Describe types of observations to .be·made on tracks and/or at each grid station • 
Include a description of shipboard sampling.operntions •• Be as·specific and com-
prehensive as possible. Primary otter .trawl. Some dredge and/or grab samples 
may be requested. 

3. t.fuat is the optimum time chrono'rogy of observations oh a leg and seasonal basis 
and what is the ~aximum allowable d~parture from these,optimurn times! (Key to 
chart prepared under Item 1 \Jhem necessary for clarification.) 

Two cruises in October-November 1978 and February-t1arch 1979. 

4. l!m-1 many sea days are required· for each leg? (Assume vessel cruising speed of 
14 knots for NOAA vessels. Do not include rm:ming time. from port to begirin:i,ng 
point and from end point to port and do not include a weather factor.) 
Approximately 7-8 days for each bay; thus 14-16 days for each cruise, dive survey
spring, summer •. 

5. Do you consider your im•estigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? 
Cooperative effort; equal time requested. Dive·survey-principal one. 
Appro~dmatcly hoti many vessel hours per dny Hill be required for your observations 
and must these hours be during daylipht'? Include an estimate of sampling-time on. 
station and sample processing time b'etucen stations. 

Maximum of eight hours per d~y for tuawl survey, maximum of six hours per day for 
dive survey. 

6. \"hat equipment and personnel lJould you expect the ·ship to provide? 

Trawl. Assistance with trawling gear. 

7. 1-'hat is the approximate weight and volume of cquipr.1ent you Hill bring? 

8. 

T~awl-100 pounds; diving gear = 1500 pounds; 75 cubic feet. 

\Hll your cbta or equipment require spccinl lmndlinp.? 
describe. 

D~ving bottles will need special care. 
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Kodiak 

9. Will your require any gases and/ or chemicals? No If yes, they should be on 
board the ship prior to departure from Seattle or· time allowed for shipment by 
barge. 

ltl. Do you have a ship preference, either NOAA or non-NOAA? If "yes", please name the 
vessel and give the reason for so specifying. 

* 0 

11. If you recommend the use of a non-NOAA vessel, what is the per sea day charter 
cost and have your verified its availability? 

Trawl charter to be arranged with.ADF&G. 

12. How many people must you have on board for each leg?. Include a list of partici
pants, specifically ident~fying any who are foreign nationals. 
Trawl survey-one person per leg ,(s. Jewett, M. Hoberg) •. 
Diving.survey-two persons per leg (S. Jewett, M. Hoberg). 

*A small boat, 16-20 ft, with outboard motor is required in Kodiak for all 
diving operations. 
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Kodiak· 

D. QUARTERS AND SUBSISTENCE SUPPORT 

1. What are your requirements for quarters and subsistence in the field area? 
(These requirements should be broken down by (a) location, (b) calendar period, 
(c) number of personnel per day and total man days per period). 

(a) Need diving personnel. Housing at BOQ, Coast Guard Base in Kodiak. 
(b) Spring-Summer. 
(c) Two personnel per day; approximately one week per dive period; 

probably 3-4 dive periods. 

2 •. Do you recommend a particular source for this support? If "yes", please name 
the source and the reason for your recommendation. 

Yes. OCSEAP Support if. funds available. 

3.' ~at is your estimated per man day cost for. this support at each location? 
Not known exactly-per day cost at BOQ requested. 

How did you derive this figure, i.e., what portion represents quarters and what 
portion.represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to establish and maintain a field 
camp? 

NA 

E. SPECIAL LOGISTICS PROBLEMS 

1. What special logistics problems do you anticipate under your proposal and how 
do you propose that the problems be solved? (Provide cost. estimates and indicate 
whether you propose handling the problems yourself or whether you must depend on 
NOAA to solve them for you). 

i 
/ 

A seaworthy, small boat (16-20 ft'.) with outboard moter and suitable 
for diving support needed in Kodiak. No boat of this tupe available 

·RU 5 presently. Request that NOAA (OCSEAP) attempt to arrange for 
access to this small boat. 
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LOGISTICS HEQUIP..Er-r.;:NTs-C"ook Inlet-R. U. 5 

Please fill in ull 5paccs or indicate not ~pplicabic (H/A). 
shceta as necessary. lludcet line items concernin~ loclstics 

Usc additional 
should· be keyed 

to ... the relevant item described on these forms. 

INSTITUTION University of Alaska PRI:-;CIPAL INVESTIGATOR H. M. Feder 

A. 

l.· 

2. 

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

SliiP SUPI'ORT 

Delineate proposed tracks and/or sa~pling grids, by leg, on a chart_of 
Include a li~t of proposed station geographic positions. Appropriate 

stations in Lower Cook Inlet on grid established.for R.U.5 in FY77-78 

Describe types of observations to be made on tracks·and/or at each grid 
Include·a description of shipboard sampling operations. Be as specific 
prehensive as pos~ible. 

Otter.trawl, pipe dredge, grab samHling.· 

the area. 

station, 
and com-· 

J. What is the optimum time chronology of obs~rvations on a leg and seasonal basis 
and t.;hat is the ma,:imum allmJable departure from these optiniuu tiu:as? (Key to 
chart prepared under Item 1 t.;hen necessary for clarification.) 

winter, Spring, S.ummer: one cruise for each period if required. 

4. How many sea days are required for each .leg? (Assuce vessel cruising_ speed· o£ 
1-4 knots for NOAA vessels. · Do not include running til'ile from port to beginning 
~oint and from end ~oint to port and do not include a weather factor.) 

3-5 days. 

s~ Db you consider your investigation to be the principal one for the oper~tion thus 
requiring other activities to piggyback or could you piggyback? NO 

6. 

7. 

8. 

Approximately how many vessel hours_per day will be requirGd for your o~serv3tions 
and must thes.e hours be during daylight? Include an esti1:1ate of sampling-time Oil 

station and sample processing time bet~cen stations. 
6-10 hours per day; at anytime_during 24 hour period. 

\~hat equipment and personnel \Wuld you cxl1cct the ·ship to provide? 
Large trawl. Personnel to assist in traw ing, dredging, grab-sampling 
operations. 

\Jhat is th<! approximate vcight and volu;::e of equipncnt you vill brin1;? 

Small trawl-100 pounds; grub-80#; dredge-120#; wash box-200# 

lHll your cl:lta or cq\lipl'ilcnt rcqui.rc special handlinG? NO 
d~scdhc. 
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Cook Inlet 

9. Will your require any gases and/or chemicals? liJg If yes, they should be on 
board the ship prior to departure from Seattle or time allowed for shipment by 
barge. 

10. Do you have a ship preference, either NOAA or non-NOAA? If_ "yes", please name the 
vessel and give the reason for so specifying. 

NOAA Ship MiUe:r.> F:r.>eeman. Essential because of proper laboratory space and 
ship stability needed for preliminary_workup of data. 

11. If you recommend the use of a non-NOAA vessel, what is the per sea day charter 
cost and have your verified its availability? · . 
Small charter vessel if live material needed immediately; one day on 10-12 
occasions; no vessel planned as yet. 

12. How many people must you have on board for each leg? Include a list of partici
pants, specifically identifying any who are foreign nationals. 

one-three people (A. J. Paul, H. M. Feder, J.- McDonald, P-. Shoemaker) .• 

I 
! 
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Cook Inlet 

D. QUARTERS AND SUBSISTENCE SUPPORT 

1. ·· What are your requirements for quarters and subsistence in the field area? 
·(These requirements should be broken down by {a) location, (b) calendar period, 
(c) number of personnel per day and total·man days per period), 

·NONE 

2. · Do you recommend a particular source for this support? If· "yes"·, please name 
the source and the reason for your. recommendation,· 

NA 

.. 
3. What is your estimated per man day cost for this support at each location? 

NA 
How did you derive this figure, i.e., what portion represents. quarters and what 
portion represents subsistence and is the flgure based on established commercial 
rates at the location or on estimated costs to establish and maintain a field 
camp? 

NA 

E. SPECIAL LOGISTICS PROBLEMS 

1. What special logistics problems do you ant.icipate under your proposal and how · 
do you propose that· the problems be solved? (Provide cost estimates and indicate 
whether you propose handling the problems yourself or whether you must depend on 
NOAA to solve them ·for you). 

Will need some vessel time in Cook Inlet and/or in Resurrection Bay 
primarily to obtain live snow crabs. Will need 10-12 days on charter 
boat in Resurrection Bay if live material cannot be obtained in Cook 
inlet. Would perfer NOAA {OCSEAP) to arrange charter if needed. 
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R.U. 5 

MILESTONE CHART 

P.I. H. M. Feder 

0 - Planned Completion Date 
X - Actual Completion Date 

Major Milestones: Reporting, data management and other significant contractual 
requirements; periods of field work; workshops; etc. 

MAJOR MILESTONES 1978 1979 
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Kodiak Cruises ) 

Report Submissions 0 0 0 0 
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TECHNICAL PROPOSAL 

I. Title: 

The distribution, abundance composition, and variability of the western 
Beaufort Sea benthos (with special emphasis on the benthic food web) . 

Research Unit #6 
Contract No. 03-5-022-68 
Proposed Dates of Contract: l October 1978 - 30 September 1979 

II. Principal Investigator: Andrew G. Carey, Jr., Ph.D. 
School of Oceanography 
Oregon State University 
Corvallis, OR 97331 

III. Cost of Proposal (FY-79), October 1, 1978 through September 30, 1979: 

IV. BACKGROUND 

A. Science: $83,343 
B. Logistics: o (?) 
c. Total: $83,343 
D. Distribution of effort by lease area: 

Beaufort Sea 100% 

The past and proposed OCS research on benthic ecology is directed toward 
defining the distribution and abundance of the sea floor organisms, estimating 
the natural range of spatial and temporal variability, determining the effects 
of the. environment on the fauna, estimating various biological rates, and de
limiting the food web interactions of the benthic invertebrates. 

The present benthic ecological studies on the continental shelf include 
functional, process-oriented research that is built on a strong base of descriptive 
work on ecological patterns and their relationship to the environment. Seasonal 
changes in the total numerical abundance and biomass of the large macro-infauna 
(>1.0 mm) are defined at stations across the shelf. The benthic food web and its 
relationship to bird, fish and .mammalian predators are under. investigation. 

The species composition, distribut~on and abundance of the benthos are being 
de.fined in the southwestern Bea,fifort Sea. Species and station groupings are 
statistically analyzed and the/relationships to the bottom enviornment and to 
biological relationships explored. Dominant species are identified. These 
patterns provide an insight into the relative importance of various features of 
the environment in determining the distribution and abundance of the benthic 
invertebrate fauna. Abundance patterns provide data on potentially productive 
areas· of the shelf that may support the large and important top predators. Bio
logical and ecological information on important prey species are necessary for an 
understanding of the functioning of the oceanic food web. 

The development of the research on the continental shelf benthic invertebrates 
has proceeded along a logical sequence. As very little was known about the fauna 
at the initiation of the exploration and developmental phases of the oil and gas 
fields on the Alaskan North Slope, the early research involved basic survey work 
on the 1971 and 1972 U.S. Coast Guard oceanographic cruises in the Beaufort Sea, 
WEBSEC-71 and WEBSEC-72. Initial processing and analysis of bottom grab and 
otter trawl samples and bottom photographs were sponsored by the Oceanogr~phic 
Section of the National Science Foundation by a grant to the Principal Investigator. 
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V. OBJECTIVES 

In addition to the base research listed below, a series of sub-projects 
have been proposed for next year to provide fundamental data in a·nurnber of 
research areas (see Table 1) • They are listed _as a portion of the main FY-79 
proposal with the philosophy that this structure provides the NOAA Arctic 
Project Office and the NOAA Boulder Office with the opportunity to select units 
most relevant to Beaufort Sea petroleum exploration and development, and that 
integrate best with qther research. The proposal structure should also allow 
opportunistic funding if appropriate research opportunities, e.g. seasonal 
sampling, arise, or if proposed 1978 field work is cancelled or altered by 
extremely heavy summer sea ice conditions. Rough estimates of cost have been 
included for the individual sub-project research modules. 

This approach to the construction of the FY-79 OCSEAP proposal for RU #6 
is necessary because RFP guidelines for FY-79 list limited funding and broad 
,research objectives. The estimated $75,000 and the requested $83,343 funding 
levels are both below the amount that is necessary to support· an efficient 
research group with a critical mass that allows some specialization and expertise. 
Level funding by the addition of one to several of these sub-projects would allow 
more complete and more meaningful participation in the Marine Biota research. 
The supplemental funds are also requested for next year because phases of past 
and present research are considered by the Principal Investigator to be of primary 
importance to the OCSEA Program objectives now. 

The objectives of the sub-project research module·s are also listed in Section 
XVI (OUTLOOK), as they are considered by the PI t6,be necessary accomplishments 
to fulfill the present objectives. Several other more long-range objectives are 
also listed- in this later section. 

The base proposal is primarily concerned with samples from the 1978 food 
web cruise to the western Beaufort Sea on the USCGC NORTHWIND. More samples 
will probably be collected on the cruise than can be processed and analyzed 
during the new contract year under the proposed funding. Therefore, a selection 
based on BLM needs, the Arctic Project Office guidance, and the Principal 
Investigator's knowledge of the research program. The additional research modules 
are based on the ocs and BLM suggestions and tentative guidance, and on the 
rese~rch needs evident to the Principal Investigator. Additional research such 
as inshore seasonal studies would require further funding, and rough estimates 
of funding and manpower costs are listed. 
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Table 1. Summary of costs for proposed base research and for proposed supplementary 
sub-project research modules for RU #6 (FY-79) in Benthic Ecology. 

Research 
Module Scope of Research 

Full-Time 
Effort 

(Man-Months) 

Base Research 

Food-web studies based on 1978 USCGC NORTHWIND cruise 
to the SW Beaufort Sea: macro-infaunal and epifaunal 
distributions and abundance, GI tract analyses of fish 
and invertebrate predators. Year-to-year variability 
of average community structure across the continental 
shelf. Ecological summaries of "key" invertebrate 
prey. 

Supplemental Research 

(1) 

(2) 

(3) 

(4) 

Numerical density, biomass, and taxonomic composition 
by phyla of small macro-infauna (0.5-1.0 mm) and 
meiofauna (0.064-0.5 mm) at integrated benthic food 
web stations (6). 

Seasonal variability of average benthic community 
structure in coastal and lagoonal environments. 
Macro-infauna and macro-epifauna. 

Life histories, reproductive activity and yearly 
variability of selected benthic infaunal species 
across the shelf (Pitt Point·Transect). 

Quantitative ecological statistical analyses of 
community structure and faunal-environmental 
correlations. Analysis of sediment characteristics 
from 1978 samples 

l 
/ 
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36 

12 

24 

24 

10 

Estimated 
Funding Level 

(FY-79) 

$83,343 

$25,000 

$50,000 

$45,000 

$24,000 



A. Base Proposal: Beaufort Sea Macrofauna! and Megafauna! Benthic Food Web 
and Yearly Variability of Community Structure ($83,343) 

Objective 1. The numerical density, biomass and gross taxonomic. composi~ion of 
the large benthic macro-infauna {>1.0 rnm) will be obtained at 
selected water column and integrated benthic food web stations from 
samples collected during the 1978 USCGC NORTHV1IND cruise to the 
western Beaufort Sea. 

Objective 2. The identification of prey and predator species important in the 
benthic food web will be undertaken as far as possible for selected 
1978 stations. 

Objective 3. The gastrointestinal tract contents of selected species of benthic 
invertebrates and demersal fishes (to be supplied by ADF and G) 
will be analyzed as far as possible to determine the food web links 
within the benthic communities and the ocean ecosystem. 

Objective 4. The species composition, distribution and relative abundance of the 
rnacro-epifauna will be determined at a minimum of six characteristic 
food web stations. 

Objective 5. The distribution and abundance of primary benthic prey species (when 
identified) will be summarized for the Beaufort Sea continental 
shelf from extant processed samples and analyzed data plus the new 
data to be acquired from the 1978 summer field season samples. 

Objective 6. The numerical density biomass and gross taxomonic structure of the 
large macro-infauna {>1.0 rnm) at the 5 standard benthic seasonal 
stations will be obtained across the continental shelf on the Pitt 
Point Transect. 

Justification 

Foodweb studies are important because these feeding links are the routes by 
which energy, elements and pollutants are transferred from one. trophic level to 
another. Such studies are necessary to identify the keystone species and important 
feeding areas on the Beaufort Sea continental shelf. During the 1978 cruise 
macro-ep{fauna (>1.0 mrn) will be sampled with specialized gear. Vagile epibenthic 
crustaceans such as garnrnarid arnphipods, shrimps, harpactecoid copepods and 
curnaceans are reported to be major food items of larger predators (Frost et al, 
1978). Many of these organisms swim above or along the water-sediment inter,face 
and are difficult to sample by conventional infaunal techniques. These organisms 
can form dense aggregations in some of the lagoon environments (Griffiths and Craig, 
1978). Coastal environments should be evaluated as well. 

I 

At least six inner shelf areas subject to man-caused environmental perturba-
tions will be extensively sampled to fulfill the above objectives (see Figure 1). 
These have been chosen because:' 1) there is unique biological activity (birds off 
Point Barrow); 2) historical seasonal and yearly data are present (Pitt Point); 
3) the lease area is involved (Oliktok Point and Narwhal Island) ; 4) hydrographic 
data and casual observations indicate a region of coastal upwelling and higher 
primary product~on (Barter Island); and, 5) areas to the east are likely to be 
impacted first by Canadian drilling efforts in the Mackenzie Delta region (Barter 
Island and Flaxman Island). The u.s. Coast Guard's cooperation provides an 
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Figure 1. Location map for 6·areas of concentrated benthic sampling on 1978 USCGC NORTHWIND cruise. 
PBB=Point Barrow, PPB=Pitt Point, OPB=Oliktok Point (Jones Islands), NIB=Narwhal Island (Prudhoe Bay), 
FIB=Flaxman Island, and BIB=Bart~r Island. 



When NOAA, under sponsorship of BLM, started an environmental assessment 
research program around the continental shelves of Alaska, Oregon State University 
participated in the benthic program in the Beaufort Sea .• ·" A combination NSF and 
NOAA/BLM research program supported several approaches and phases of research. 
Detailed analysis of ben_thic communities, e.g. identification of the total poly
ch~ete worm fauna over a wide range of depths, could be accomplished under the 
National Science Foundation's auspices. Further contin~ntal shelf survey sampling 
could be continued under the OCSEAP with the cooperation of the Coast Guard and 
their Beaufort Sea icebreaker program and the use of NARL's coastal vessel, the 
R/V ALUMIAK. With NOAA's interest and logistics support, seasonal sampling and 
study of temporal changes in the continental shelf communitie~ could be accomplished 
for the-~irst time. 

The recent objectives for Task Orders E-3, E-4, E-6, and E-7 for RU #6 have 
emphasized the delineation of the benthic food web and the description of the 
coastal benthos. Efforts to characterize the compositiqn of the Beaufort Sea fauna 
to the species level has been continuing as this is a critical step toward under- -
standing the structure and dynamics of the benthic ecosystem. 

As a basal portion of the 'oceanic ecosystem, the sea floor invertebrates 
utilize the food energy that reaches them, degrading it into simpler chemical 
compounds by metabolizing it for· maintenance and transforming it into protoplasm 
for growth arid reproductive products. In turn, many of these animals must provide 
a major source of energy for higher lev~l carnivores, including seals, walrus, 
marine birds, and fish species that derive food from the sea floor.-· 

As a.logical extension of past benthic work in the Beaufort Sea, the research 
to be undertaken in FY-79 will explore the significance of the macro-benthic 
populations in relation to the larger predator species and to the smaller forms 
of biota, i.e. bacteria and benthic diatoms that may provide a large energy source 
for the benthic invertebrate organisms. A proposed research sub-project would 
include the description-of the small-sized benthic invertebrates that may be an 
important link in-this detritus-based food web. The research program has been 
designed to complement the 'food web studies .being undertaken for the marine mammals, 
birds and fishes. This study integrates well with coastal benthic study and the 
lagoon ecosystem project in the southwestern Beaufort Sea and with the Canadian 
work that has been conducted in the eastern sector. As a portion of the ecosystem 
the benthic ecological studies complement ~he research in primary production and 
bacterial decomposers. Ecological patterns of benthic communities may aid the 
physical and geological oceanographers by providing indicators of average environ
mental conditions. 
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icebreaker as a suitable platform for integrated multidisciplinary research. 
Efforts will be made during the cruise to sample inshore of the 20 meter contour 
and in the lease area. Sampling will be coordinated as much as possible with 
the inshore efforts of Carter Broad (RU #356) on the R/V ALUMIAK. Overlap will 
be minimized, but defined gaps in areal coverage will be filled whenever possible. 
Data derived from these samples will demonstrate the degree of·regional variation 
in the benthic fauna in different environments. Efforts will be made to include 
the outer edges of the oil and gas exploratory case area within the 20 meter 
contours. Particulary productive areas can be noted for special consideration. 

The gross community structure data from the five macro-infaunal stations 
will further define the limits of natural variability. If species data can be 
obtained analysis of possible changes in species populations can be generated. 
As polar benthos have a low incidence of pelagic larvae (Thorson, 1950), the 
species composition and faUnal abundance may not vary as greatly from year-to-
year as those from temperate waters. Data from other areas on community variability 
through time cannot be extrapolated from elsewhere. The Pitt Point· temporal data 
will provide further data on the degree of temporal variability. 

B. Supplemental Sub-project Research Modules 

Of the listed research modules, numbers (1) and (2) represent new research 
that would aqd much to our basic knowledge of Beaufort Sea benthos. Modules 
(3) and (4) are continued objectives of present research. Number (4) represents 
the support of a Computer Programmer-Data Manager-Statistician, plus appropriate 
computer support and is considered an essential continuation of the program. 

i 
I 
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(1) Small Benthic Macrofauna! and Meiofaunal Food Web Module. 

($25,000 

(Man-Months: 12} 

Objective 1. The numerical density and gross taxonomic composition of meiofaunal 
benthos (0.064 - 0.5 mm) and small macrofauna (0.5 - 1~0 mm) will 
be determined at selected integrated benthic food web stations. 

Objective 2. The above bio-indices will be compared and contrasted with the 
benthic diatom standing stock and production, with bacteria'! 
concentration and activity, with macro-infaunal standing stocks, 
and with environmental characteristics such as organic carbon and 
peat detritus content of the sediments. 

Justification of Module (1). 

The smaller end of the food web in the Beaufort Sea ecosystem may be very 
important in transferring energy from oceanic and terrestrial detritus to the 
macrofauna upon which benthic-feeding fish, birds and marine mammals depend. 
The proposed studies could assess the relative importance of the small organisms 
in the inner shelf benthic food web in about six environmentally important areas 
subject to oil and gas development. Much of these data are now lacking for the 
Beaufort Sea, and no such integrated studies have been attempted before. 

(2) Coastal and Lagoonal Seasonal Variability Module. 

($50,000 

(Man-Months: 24) 

Objective 1. The numerical density, biomass (wet-preserved weight), and gross 
taxonomic composition of the large macro-infauna (>1.0 mm) will 
be determined at selected intervals year-round at a pair of stations 
in Simpson Lagoon. 

Objective 2. The numerical density, biomass (wet-preserved weight} and gross 
taxonomic composition of the large macro-infauna (>1.0 mml' and 
the abundance of important prey species will be determined at 
selected intervals year-round at a pair of stations in Beaufort 
Sea coastal waters. 

Justification of Module (2) • 

The year-round biological activity of the shallow coastal waters and protected 
lagoons should be studied to determine if the fauna may be more sensitive to oil
related pollution problems at any particular season of the year. As the free or 
brooded larval phase of benthic invertebrate reproductive cycles is considered 
a very sensitive stage, life histories of the dominant and key food web species 
must be considered to estimate risks involved. 

By contrasting stations in the lagoonal and coastal environments that freeze 
solidly to the bottom with those that maintain unfrozen water in isolated topographic 
lows, the hypothesis of refugia for vagile epibenthic organisms can be tested. 
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(3) The life history, reproductive activity and yearly variability of selected 
benthic species at standard stations on the Pitt Point Transect. 

($45,000 . ) 

(Man-Months: 24) 

Objective 1. The· reprod\lctive activ:j.ty a;nd population. si_ze structure of abun(j,ant 
specie~. of ];)iyalve mql,luscs ,_ 9a_n;IDl~rid amphipods and p~lychaete worms 
will be determined fr()m the ·197!:1~76 Smith-Mcintyre grab :samples on 
hand-. , . 1 

Ojbective 2. The. yeariy variability in numerical dens.ity and biomass of dominant 
species will be determined at the benthic Pitt Point stations. 

Justification of .Model (3). 

The total and average data from the year-round benthic samples at five 
standard stations on the Pitt Point Transect across the Beaufort Sea continental 
shelf strongly indicate that the communities undergo seasonal reproductive cycles.' 
Data on the reproductive activity and population size structure of individual 
species throughout the year are essential to test this hy othesis. 

Species data are necessary to determine the year-to-year variation in 
population abundance, biomass, and rank order of abundance. If the 1978 USCGC 
NORTHWINU cruise is a pUCcess, three year's of August data will be available 
from the same locations and depths on the OCS Transect. Detailed analysis of 
these samples will provide estimates of the stability of the benthic community 
on the shelf of this polar sea. · 

(4) Quantitative Ecological Statistical Analyses. 

($24,000 

(Man Months: 10) 

Objective 1. The benthic data to date,will be summarized and analyzed for 
ecological trends in sp~pies, species groups, and station groups. 

Objective 2. The distributional patterns will be analyzed by multi-variate 
statistical techniques (Cooley and Lohnes, 1971) to determine species, 
species groupings and species-environmental relationships. 

Objective 3. The sedimentary environment of the 1978 benthic samples will be 
analyzed for particle size, organic carbon and Kjeldahl organic 
nitrogen for use in the above statistical analyses. (To be sub
contracted to s. Naidu, University of Alaska.) 
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Justification of Module (4). 

Ecological trends give an over-view of the ecology of the benthic fauna 
that provides interpretations·of the environmental and biological causes of the 
distributional and abundance patterns. 

Trends in the distribution of species; species groups, station groups, and 
feeding types Qan only be determined and evaluated with the help of a computer 
programmer and quantitative ecologic'al analyst. Such studies and those involving 
multi-variate analyses of faunal-environmental correlations are dependent on the 
continued cooperation and effort of the appropriate specialist. Computer summary, 
manipulation and analysis is the only practical means of utilizing so much data. 
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VI. STRATEGY A..l\ID APPROACH 

For the FY79 contract year, the major approach will be further delineation 
of the fenthic food web and its interrelationships with the other components of 
the oceanic ecosystem. A second objective concerns the determination of year-to
year variation in the gross structure of continental shelf communities. 

The definition of the food web structure in the Southwestern Beaufort Sea 
is a logical development in the research plan for OSEAP be.nthic research and for 
other marine biotic studies... If the major sources, the pathways, and the fate 
of carbon are known, then a conceptual model can be built for possible movement 
of pollutants through the food web. Critical interactive points in the food web 
fabric in the form of heavily utilized prey species can be defined. Continued 
stomach analyses and literature reviews on selected species will add to the know
ledge of major food packages and areas of food. sources .on the shelf. Stomach 
contents of demersal fishes will be examined and identified a? far as possible. 

These species can then be singled out for ecological analysis in distribution 
and abundance and biological studies in life history and secondary production. 
Further sampling during the 1978 USCGC NORTHWIND cruise particularly in inner 
shelf environments will provide needed basin data for abundance and biomass 
estimates and distributional limits for the designated benthic invertebrate 
prey species. During the 1978 OCSEAP summer icebreaker cruise on the USCGC 
NORTHWIND macro-infaunal and macro-epifaunal benthos will be sampled from areas 
of interest particularly on the inner shelf. Rich bird feeding areas around 
Point Barrow, the standard benthos seasonal stations off Pitt Point, the lease 
area near Oliktok Point, Narwhal Island, and Flaxman Island, and the reported 
coastal upwelling region near Barter Island will all be sampled by bottom grab 
for infauna and epibenthic sled for epifauna. Sampling at characteristic 
inner shelf stations in each area will be undertaken in conjunction with studies 
of benthic diatoms and bacteria associated with these nearshore sediments. 

Infaunal collections will be made with Smith-Mcintyre bottom grabs with the 
same standardized techniques. They will be worked up from the areas of interest 
to at least the level of total biomass, numerical density and gross taxonomic 
structure. If funding and time permit selected animal groups will be identified 
to species, the fundamental unit meaningful comparisons between stations and 
environments. 

For the first time the mayro-epifauna, e.g., small crustaceans, will be 
sampled with specialized gear to determine their abundance and distribution. The 
epibenthic sled will sample the surface layers of sediment and the overlying water 
layer. Sample picking/sorting and species identification will proceed as far as 
funding and time will allow. 

The five standard benthic seasonal stations across the shelf on the Pitt 
Point Transect will be sampled for infauna to determine the variation in gross 
community structure from year-to-year. The same geographic locations and depth 
will be sampled that were occupied in 1975, 1976, and 1977. This will provide 
data for the third summer for the longer time scale variation. Gross bio-indices 
of biomass and numerical density will be determined. Identification of species 
will be accomplished if funding for specialized manpower and time permit. 
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VII .. SAMPLING METHODS 

A. Infauna 

A 0.1 rn2 Smith-Mcintyre grab (Smith and Mcintyre, 1954) will be used to 
obtain infaunal samples. It is standardized gear that can be used with minimal 
difficulty in Arctic work. Six to ten quantitative samples will be collected 
from each station depending on the known faunal density at each environment. A 
sediment subsample will be taken from each grab to ensure the same environment 
was sampled in the patchy Beaufort Sea continental shelf environment. (N.B. 
They will be analyzed if supplemental funds are available.) 

The standard benthic stations·on the Pitt Point Transect will be sampled 
and analyzed for yearly variability in gross community structure. Stations 
located at 25, 40, 55, 70, and 100 meters depth will be sampled on the 1978 USCGC 
NORTHWIND cruise if sea ice conditions permit. If the plan is successful, col
lections from the same stations will have been obtained for three consecutive 
years. 

Other sampling locations are located in areas of environmental, biotic and 
OCSEAP lease area interests (See section V). Stations will be located at the 
minimal operating depths of the icebreaker to provide information on the marine 
biota and their food web in the coastal zone. This is the region where large 
predators are known to feed and where oil could be wave-mixed to and into the 
sediments. 

Sampling adequacy will be evaluated ·by cumulative species number, numerical 
density and biomass curves from multiple sample series. In the past, 10 and 15 
sample series have been analyzed for these bio-indices and species rank order of 
abundance. 

Washing of samples on shipboard will use the OSU Cascading Multiple Sieve 
System with a 0.42 screen as the smallest aperture unit. 

Storage of samples will be temporarily in buffered 10% formalin-seawater. 
Upon return to the Oregon State University laboratory the samples will be resieved 
through 0.42 and 1.0 rnrn screens and placed in 20% isopropanol until picking and 
sorting. 

B. Epifauna 

1) Macro-epifauna (>1.0 rn) 

These animals associated with the se~irnent-water interface and bo.ttorn water 
layers will be sampled with a Hessler-Sanders epibenthic sled (EBS) (Hessler and 
Sanders, 1967). The EBS will be rigged with a 0.1 rnrn aperture plankton net and 
adjusted to sample the uppermost sediment layers and overlying 20 ems. of water. 
If feasible, odometer wheels will be rigged to the sampler to provide estimates 
of distance towed, and therefore area sampled. The EBS will be towed for a stan
dardized length of time. If possible, 2 samples per station will be obtained. 

2) Mega-epifauna (>1.3 ern) 

Larger and generally more scarce epifauna will be sampled by use of a 4 rn 
otter trawl towed along the sea floor as time and ice conditions permit. 
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Collections will be coordinated with ADF and G. OSU sampling will concentrate on 
the second leg of the 1978 cruise in the eastern section of the study area. 

VIII. ANALYTICAL METHODS 

The analytical methods to be used will be the same as those .employed by the 
OSU benthic group for all previous arctic research·. Briefly, they are outlined 
as follows: 

A. Infauna 

1. The quantitative grab samples are sieved into two fractions, the large 
macro-infauna (~1.00 mm) and the smaller macro-infauna (0.42-1.00 mm). 

2. The macro-infaunal organisms (>1.0 mm) are picked from the larger 
sediment particles and organic debris under a dissecting microscope, and sorted 
to major taxonomic category. 

3. The organisms are enumerated. 

4. The organisms in each gross taxonomic category are wet-weighed. 

5. The dominant invertebrate species. are identified as far as possible, as 
time and funding permit. Identifications are verified by taxonomic specialists 
whenever necessary. 

B. Epifauna 

1. The large epifaunal organisms are sorted from the otter trawl samples, 
and are counted and identified as far as possible.· 

2. Analyses are made of the stomach contents of the larger, more abundant 
forms. 

C. Data Acquisition 

1. The data from the quantitative grab samples and the trawl hauls, and 
the station information and environm~ntal parameters are all coded for inclusion 
into a computer data base. 

I 

2. All data are keypunched onto computer cards. 

3. All keypunching is verified before transfer to magnetic tape. 

D. Statistical Analyses 

The statistical analysis of the data is contingent upon the evenness and 
richness of the benthic communities. The types of analyses that are under 
consideration include multiple correlation analysis, species diversity indices, 
and similarity indices used in ordination techniques. Classification techniques 
such as multivariate factor analysis or canonical correlation analysis will also 
be evaluated (Cooley and Lohnes, 1971; Sneath and Sokal, 1963; Clifford and 
Stephenson, 1975) . 
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IX. DELIVERABLE PRODUCTS 

A. Digital Data (Type 032 - Benthic Organisms} 

1. Parameters to be recorded: 

a. Common to all records 
File Type 
File Identifier (Cruise Number} 
Record Type 
Station Number (Record Types 2,3,5} 
Segment Sequence Number (except Record Type 2} 

b._ Record Type '1' - Text 
Vessel Name 
Text 

c. Record Type '2' - Station Header 
Depth (Start and End 
Date/Time (Start and End) 
Geographic Position (Start and End} 
Distance Offshore 
Direction of Tow 

d. Record Type '3'- - Segment Detail 
Segment Depth (Start and End} 
Penetration Depth 
Bottom Temperature, Salinity, Oxygen * 
Percent Sediment Carbon (Organic and Total} * 
Percent sand, Silt, Clay * 
Minimum Sieve Size 
Wire Length and Angle 
Average Phi Size * 
Equipment· (code} 
Sample Number 
Sample Volume 
Number of Grabs 

e. Record Type '5' - Species 
NODC Taxonomic Code/Subspecies (code) 
Number of Individuals 
Total Weight of Speices 
Qualitative Count (code} 

f. Record Type '6' -Comment 
Text 
Text Sequence Number 

* Data product is not consistently available. 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.} 

Benthic Organisms 

Media 
(Cards, cod
ing sheets, 
tapes, disks) 

Magnetic 
Tape 

DIGITAL DATA PRODUCTS SCHEDULE 

Estimated 
Volume 
(Volume of 
processed data) 

Maximum of 
150 records per 
sample 

OCSEAP 
Format 
(If known) 

032 

Processing and 
Formating done 
by Project 
(Yes or No) 

Yes 

Collection 
Period 

(Month/Year to Month/Year} 

8/78 - 9/78 

Submission 
(Month/Year) 

10/79 



B. Narrative Reports 

Several manuscripts to be submitted for publication are planned. Initial 
results from the Pitt Point seasonal sampling have been described by Dickinson 
and Ruff at the Pacific Section, ASLO Meeting in San Francisco in June, 1977. 
A paper based on the time series study at five stations across the continental 
shelf will be prepared on the gammarid amphipod fauna during the fall, and 
submittal to an appropriate journal is planned. A second manuscript based on 
temporal changes in the structure of benthic macro-infaunal communities across 
the continental shelf on the Pitt Point Transect will be written when the 
necessary detailed data on the reproduction of dominant species are available. 
Additional manuscripts on the new benthic sample siever, on the distribution of 
species groups and communities and,on the photographic and trawling survey of 
mega-epifauna are also scheduled for 1978-79. 

C. Visual Data 

All visual data presenting analyzed Beaufort Sea benthic ecological data 
will be presented in quarterly and annual reports. A set of representative sea 
floor photographs will be submitted separately. 

D. Other 

No deliverable data·products are anticipated. 
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X. QUALITY ASSURANCE PLAN 

A conservative approach is taken toward benthic ecological data; every 
effort is taken to maintain quality control. Monitoring and studies of our data 
are continually being undertaken in the following categories: (1) sampling, 
(2) sample preprocessing in the field, (3) laboratory sample picking and initial 
organism sorting; (4) quantification by weighing and counting, (5) identification 
of species, (~ any field or laboratory measurements of environmental character
istics, (7) quantitative ecological and statistical analyses, (8) transmittal of 
data via data report or magnetic tape, and (9) publication of the results. 

1. Instrument calibration is undertaken whenever necessary. Use of 
instrumentation in the benth~c ~cology program has been limited to an in situ 
temperature-salinity probe during several seasonal field trips. Owing to mal
function in the field a detailed laboratory calibration and intercomparison is 
plann~d during the next contract year. 

Other instruments utilized in the program include balances and microscopes. 
These are routinely serviced and calibrated by factory representatives. · 

2. Sampling. 
(a) Smith-Mcintyre Grab (Smith and Mcintyre 1954) 

The variability between samples at a station and the adequacy of the number 
of multiple samples are investigated by comparing quantitative faunal data between 
samples and by the cumulative addition of species with increasing numbers of samples. 
Our sample size per station generally ranges between 5 and 20 depending on the 
density of animals, the available wire time, and available laboratory manpower to 
process the samples. 

Grab samples are only retained for quantitative faunal analysis if the 
sampler has penetrated into the sediments at least 6 centimeters. The penetration 
is measured at 5 locations (each corner and the center) upon retrieval and before 
unloading the sampler. The penetration varies according to the hardness of the 
sediment so each station cannot be sampled with the same amount of effort. If the 
penetration is uneven, the sample is also discarded. 

If the collected sediment surface is washed, the quality is also classified 
as a discard. The surface of the samples can be washed if the grab jaws are 
partially wedged openpy a rock or phell, and the retained water generally runs 
out down one corner and out the bortom. 

Whenever possible a photograph is taken of the sediment surface of the grab 
for future reference. A sediment subsample is now removed from each grab to provide 
better control over the location of the sediment for particle size and organic 
content analyses. 

The Smith-Mcintyre grab was originally chosen because of its ease of handling 
on all size vessels and its reproducible results. It is an efficient and dependable 
sampler. Studies of the action of the grab and its comparison with other samplers 
have been undertaken (Gallardo, 1965; Wigley, 1967; Dickinson and Carey, 1975). 

(b) Shipboard Sieving and Preservation 

The are preprocessed aboard ship by washing through fine mesh sieves 
to separate the organisms from the major portion of the sediment. A high volume 
of filtered seawater at low velocity is used to wash the small particles through 
fine mesh (0.42 mm) screens. Care is taken to minimize damage to the infaunal organisms. 
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On the ship the samples are placed in containers with 10% formalin-seawater 
buffered with Borax. Immediately after the samples reach Oregon State University, 
they are transferred to 70% isopropyl alcohol until picking and sorting of the 
animals from the samples. The organisms are then placed in 70% ethyl alcohol for 
longer term storage. 

For each .rroject the adequacy of sampling is checked by collecting a large 
series of repl~cate samples at characteristic stations. Whenever possible each 
new sampler is compared with other gear either by literature searches or direct 
comparisons. Only adequate samples are returned to the laboratory for quantitative 
analyses: 

3. Sample processing 

The accuracy of picking-sorting-counting are evaluated and maintained by an 
experienced technician who spot-checks samples previously processed. Faunal 
identifications by the OSU research team are verified by competent specialists 
whenever possible. 

4. Data analysis 

Alternate approaches and methods for analyzing data are evaluated and compared. 
All data which are coded and keypunched for statistical analysis are routinely 
subjected to verification before they are transferred to ~agnetic tape. The data 
base is constantly uPdated and verified to minimize incorrect data. The magnetic 
tape uses information stored in the computer; a transcription step is eliminated 
and gives more flexibility in correcting errors and retrieving data. 

XI. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

All infaunal organisms taken from the Beaufort Sea continental shelf and 
slope since 1971 have been maintained in 70% ethanol in fairly temperature-stable 
biological storage areas on the Oregon State University campus pending further 
taxonomic research. Unpicked and unsorted grsb samples have been transferred as 
rapidly as possible from neutralized 10% formalin to 70% isopropanol. Invertebrates 
from trawl samples have been stored in five gallon sealed plastic buckets under 
similar conditions. All these samples are available as comparative material for 
a portion of the proposed' foodweb research. 

Voucher specimens, identified or verified by qualified taxonomic specialists, 
have been accessioned into the Oregon State University Benthic Invertebrate 
Reference Museum. Each species has been given an OSU species code number which 
is entered into a computer file for futu~e reference (Carey, 1978). A range of 
sizes and developmental stages have been on taxonomically organized shelves 
in an air-conditioned room adjacent to a benthic laboratory in one of the main 
oceanography buildings. Approximately 250 arctic now reside in the 
collection, and a comparable number remain to be entered. The available keys, 
reprints, and monographs pertinent to the arctic fauna are also being accumulated. 
The collection has been organized with the aim of forming a scientif cally useful 
reference museum and taxonomic literature library. , 

A parallel voucher specimen collection to be eventually submitted to the 
California Academy of Sciences will be produced as time, effort and funding permit. 
The identifications will have been verified, and a representative series 
of specimens for each species will be part of the collection. 
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U. AmCi~\FT SUl'l'OH.T - FIXED \·IH:G 

1. D<~lincatc propo~;cd flight linen on a ch~rt of the ;:u:ca. Inci:i.cLJtc desired fl-jt_;! 1 t 
altitude on each JJnc. (Note: If fligl!ts nrc for tra.n~portat:i.on only, cho.rt 
submia~lon is not necessary but oricin and destination points sltould b~. listed.) 

NARL to Deadhorse, AK 

2. Dcscri!Je types of ol>scrvations to be made. 

N/A 

3. What in tl1c optirnuc time chronology of observations on a s2asc~al basis o.n~ what 
is the r.la:·:bnllrl nllm.;a.blc departure fro:v. these o;Jtir.u:J tic:!=.s? .(!:cy to c·:-,a:.-::: 
prepared under Item 1 ~-1hcn neces~ary for cL: .. rification.) 

Nov., May, May 

4. llm-1 many days of flight OP.erations arc required and ho~• oo.ny flight hours ;;e:: day? 
Two flights 

Total flight hours? Two hours per day 

5. Do you consider your investigLJ.tion to be thf! prir:.cipal one for the fli;:;:~::, 

thus precluding other activities or requiring other activities to pi~;:;~1-".:::~: 

piggyback or- could yo:.~ piggyback? 

No 

6. \,'hat types of special equipo.ent are rcquj_rcd for the aircraft (non carry-c:-,)? 
N/A 

\n1Lit arc the weights, di~ensions, power rQquirccents, and installation 
proble~s unique to the specific cquipsent. 

N/A 

7. What arc the weights, dimensions and power rcquirc~ents of carry-on cq~i~~ent? 

1200 lbs. 

3. l·;'hat type of aircraft is best suited for thc)purposc? 

Twin Otter 

J. Do you rccomr::cnd a source for the aircr.:1ft? NARL 
If "ye!;", plc.:!sc n;:m~ the source LJ.nd the reLJ.son for your rccor:::Jenclation. 

0. \,'hat is the per hour charter cost of the .:~ircr.:~ft? 

$3 50/hr. 

1. !lotJ m.:my jh~oplc ;1rc required on boLJ.t"d for c.:~ch fli~~ltt (exclusive of f.li~:ht c.rc1-:)? 

4 

2. Hhere tlo you rect)l::r.t,~ml th:tt fli~~hL~: he ~;tag<'d fr..n1? 
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C. · All~CI:AFl' SUl'l'OltT - IIELlCOl'TER (TENTATIVE ONLY) 

].. Dt~lineate propo,.cd transects and/or !;tation 0chemC! on a chart of the area. 
(Note: If flir,ht:; are for transport of personnel or equipment only fro;~ base 
camps to field camps and visa vc:rsa, chart submi!;sion i~; not ncce:;sary but 
origin and destination points should be listed). 

Simpson Lagoon and Elson Lagoon(?) area(s). Short tr~nsect offshore. 

2. Describe types of observations to be r:~ade. 

Smith-Mcintyre bottom grabs (6) at each statio~. 

3. 1~1at is the optinum tine. chronology of observations on a seasonal basis and what 
is the 1naximum allowable'c!eparture from these opti~u~ ti~es? 

(a) October-November, (b) March (early), (c) May (late). 

4. llow nany days of helicopter ~perations aie required and how many flight hours 

per day? 4 days sampling for 6-10 hrs. per day 

Total flight hours? 40 

5. How rnany people are required on board ~or each flight (exclusive of the piiot)? 

6. 

4 

Hhat are the \.Jeights and dimensions of 
Total weight is approximately 1,200 lbs. 
of 3 12ft steel pipes which can be lashed 

equipment or supplies to be transported? 
All gear will fit inside with the exception 
to helm skids. 

7. Hhat type of helicopter do you reow.rnend for your operations and \.;hy? 
Bell 205~ This helicopter has proven to be well-suited for benthic sampling 
operations during past seasonal sampling. Gear is heavy and bulky. 

8. Do you recorr:cend a particular source for the helicopter? If "yes", plc<1se na:::.~ 
the source and the re.J.son for your reco;;::::cnd:J.tion. 

NO 

9. \~h:Jt is the per hour ch.:trter cost of the hclicopt~r? 

? 

10. \,'here do you reol:~:aend that flights be staged from? Prudhoe Bay _ Oliktok 

NARL 

11. \;'ill ~~1wcl~1l n:wi~.<tion .<nu cm:naun.icatil'n~~ be rl~quired? 

Yes, accurate navigation is essential. 
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1). QUARTERS lu'W SUHSISTEt:CE SUl'PO!tT (TENTATIVE ONLY) 

1. \Jhat are your requirements for quarter::; and suh<.istcncc in the field urc:<1? 
(Theta.! requirements ::;hould be broken dot:n by (.a) location, (b) cnlc:ndnr pc:ri.od, 
(c) number of penjonnel per day and total man days per period). 
(1) NARL- Nov., Mar., May, 4 per day, 28 man days 

(2) Prudhoe Bay- Nov., Mar., May, 4 per day, 28 man days 

2. Do you recom..-nend a particular source for this support? If f•yes" • please nar:,;:: 
the source and the re.:J.son for your recom:n~ndn tion. 

3. 

NARL, OCSEAP Prudhoe Bay accommodations. 

Hhat is your estimated per man day. cost for this sup:;JOrt at each location? 
NARL - $40/day 
Deadhorse - ?/day 
How did you derive this figure, i.e., what portion represents quarters nnd ~hat 
portion representc subsistence and is the figure based on established co::-_'7\ercial 
rates at the location or on estimated costs to establish and c~intain a field 
camp? 

NOAA and NARL figures 

E. SPECIAL LOGISTICS PRODLE::tS 

1. m1at Special logistics problems do you anticipate under your prO?OS::ll and ho:J 
do you propose that the problccs be solved? (Provide cost csticatcs and in
dicate whether you propo~e handling the problems yourself or whether you cust 
depend on !,;o,\.A to solve thcr.1 for you? 

Heat Hydro hut (12'xl6 1
) necessary on ice nearshore in each ·staging location for 

sample washing to be provided by NOAA. Power for electrical pump motor necessary. 

Portable hydro winch necessary (from NARL). 

Continuously heated storage necessary (NOAA). 

i 
' I 
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XIII. ANTICIPATED PROBLEMS 

A. Funding 

This is the fundamental problem that could bring the research program of 
RU #6 down to an inefficient and unproductive level. Environmental and ecological 
.re~earch, particularly'with benthic invertebrates, is labor--intensive research 
that also demands a high grade of expertise to achieve even the first level of 
average information. The work-up of infaunal samples and identification of the 
fauna require much greater effort and greater taxonomic knowledge than the less 
diversified mega-epifauna collected by otter trawls. As an example of the iden
tification problem refer to Gunnar Thorson (1971). He and other biologists 
estimate that 90-98% of the species of plants and animals in the sea are benthic. 
Data must be at the specific level for meaningful comparisons within and between 
studies. 

If the $75,000 guideline were rigid, RU #6 would have no operating funds 
and lack one-two months salary for the principal investigator. The proposed cost 
over-run was considered a justified request. 

Secondly, unless supplemental funds are available, only two full-time pro
fessional research assistants can be hired to pick and sort a reduced number of 
samples from the 1978 icebreaker cruise ... Their time would be totally dedicated 
toward picking .animals (>1.0 mm) from the samples and obtaining data at a gross 
level .. A Ph.D. candidate, Gordon Bilyard, is totally involved in the last stages 
of thesis research, analysis and writing for next year. 

The solution lies 'in funding one or more of the subproject research modules. 
This supplemental funding would allow the continuation o£ Paul Scott and a full 
time computer programmer/data analyst in the program. Both are' considered essen
tial to the research. Mr. Scott is a specialist in molluscan identifications and 
is experienced .with RU #6 techniques in the laboratory and field. Funding is 
especially requested for the supplemental modules: 1) the integrated shallow shelf 
benthic food web studies, 2) temporal variability of coastal and lagoon benthic 
communities, and 3) quantitative analysis and summary of the benthic data. 

B. Contingency Plans 

If extraordinarily heavy sea ice or ship breakdown during the 1978 summer 
prevents fieldwork from an icebreaker in the Beaufort Sea, several alternate plans 
are possible. Benthic sampling on the Pitt Point Transect and other areas could 
be accomplished in cooperation with carter Broad (RU #326). Alternately, continued 
work-up of our present collections could yield valuable results that are oriented 
toward NOAA/BLM-OCSEAP's objectives. Subproject research modules (3) on life 
histories and (4) on statistical analyses. Further species identifications and 
work-up of the small macro-fauna (0.5 - 1.0 mm) as suggested in section XVI 
(Outlook) could be undertaken. 

These latter objectives would produce much stronger data and are recommended 
over the field contin·:;ency plans of operation in Norton or Kotzebue Sounds. A 
detailed research schedule cannot be finalized until the sampling success of the 
1978 UVCGC GALCIER OCSEAP food web cruise is known. If samples are not collected 
during this summer effort, the alternative objectives utilizing samples obtai'ned 
from previous OCS field efforts are proposed. It is apparent that the need for more 
comprehensive, solid, and detailed data from the Beaufort Sea is more important at 
this stage of the OSCEAP research than is a small amount of superficial data from 
the Chukchi Sea. 
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XIV. INFOR~ffiTION REQUIRED FROM OTHER INVESTIGATORS 

In most cases contacts have been made to obtain these data: 

A. Hydrography: Bottom water salinity, temperature, 02 concentration, 
position and depth. The OCS transect line off Pitt Point is of particular 
interest. 

B. Ice dynamic: Extent of active ice gouging .on the bottom sediments in 
terms of depth, location, and frequency. 

C. Primary production: Location and timing of standing stock and production 
of phytoplankton and attached under ice diatoms. 

D. Sediment: Particle size distributions on the southwestern Beaufort Sea 
continental shelf and the processes and sources of sedimentation. 

E. Circulation: Predominent seasonal currents on the Beaufort Sea 
continental shelf and slope. 

F. Benthic predators: The abundance, location and invertebrate prey items 
of such predators as benthic-feeding marine mammals, birds and fishes. 

XV •. MANAGEMENT PLAN 

The management of all phases of the Beaufort Sea benthic ecological research 
during FY-79 will be organized so that .as principal investigator, I will be 
responsible for the overall progress and results of the research program. A 
laboratory manager, R. Eugene Ruff, will work with me to ensure the proper quqlity 
and quantity of pertinent data and the timely reporting of results. 

During the 1978/79 contract year, weekly briefings and progress report meet
ings with research personnel will be held for exchange and discussion of in~orrna
tion. Updated schedules of field trips, scientific meetings, internal subproject 
deadlines, quarterly and yearly reports, scientific publications, and any special 
tasks will be maintained and used as guidelines for resear~h progress evaluation. 
The lab manager and I will work with the Benthos research group to maintain 
schedules.and to·meet the·necessary deadlines. 

I 
I 

Research objectives, schedules, and!priorities will be organized for the year 
'at the beginning of the contract. As principal investigator, I will be involved 
in the writing of final and yearly reports, in the analysis. and synthesis of data, 
in the reporting of results in scientific publications, and in the overall 
direction of the research program. 

The Activity/Milestone chart outlines the major projects and deadlines 
proposed for FY-79. 
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9 - Planned Completion Dcte 

X - Actual Cc~plc.tion D1!te 

RU fi 6 ___,;. ___ _ PI: Andrew G. Carey, Jr. 
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XVI . OUTLOOK 

Basic supportive research is necessary before the plateau level of data 
collection and. analysis is reached where satisfactorily solid conclusions can be 
reached. This statement is true for the three major areas of _research in benthic 
ecology that have been undertaken by RU #6 (see Table 1 for suggested sub
projects). 

A. Temporal variability of be~thic coirununities across the B1e'aufort ·Sea 
continental shelf. 

Data from the seasonal benthic infa\mal 'samples collected during OCS 1-6 
by Oregon State University is now available o~ the numerical abundance, biom~ss, 
and percent composition by phyla. Gammarid amphipods are the only animal group 
identified to species. ·· 

Species population data are needed on population size structure and ~epro
ductive activity for several species of abundant molluscs, polychaete worms and 
bivalve molluscs to prove or disprove the hypothesis of seasonal reproductive 
cycles of macro-infauna on the outer continental shelf (Carey, Ruff, and Montagna, 
unpublished M.S.). This lack of species data was the major reason for the rejec
tion of a recently submitted paper on tempera! changes in the fauna. The small 
macro-infauna (0. 5. - 1. 0 m)' from our samples should be worked up to assess stages 
and timing of recruitment o'f juveniles ~o the adult benthic populatiqns. · _ 

'. t. . ' -

Cost by fiscal'year·would be abo~t $45,000. No new equipment, field efforts 
or logistic requirements would'be necessary. 

Additional seasonal studies of benthic ~ommuniti~s in the nearshore area in 
the lease zone would be.valuable for determination of the reproductive cycles and 
distribution of nearshore benthos in the shorefast ice zone and in the lagoonal 
environments. The potential· multi-di,sciplinary sampling effort for FY79 would.·' 
be a valuabie proje'Ct to define benthic-biology and behavior year-round. 

• • • ' r ' 

B. The distribution~ abundance, and spatial variabilit~ of _abundant benthic 
fauna. 

The major data lacks are in the research areas of species identifications, 
knowledge of the small macro-fauna (0.5 -, 1.0 mm), and in statistical analyses. 

I 

The species of dominant animal groups would be worked up for the different ecolo-
gical zones and could be reported in stages. The initial data from s~all macro
faunal fractions would first be reported in terms of percent composition by phyllli~, 
numerical density, and biomass. Then identifications _could be undertaken of 
selected groups, particularly the juveniles of polychaetes, bivalve molluscs, and 
gammarid a~phipods. The harpacticoid copepods and other selected groups of small 
fauna would also be identified. 

Statistical analyses would aid in summary and synthesis of the ecological 
patterns. Species and station groups would help define communities, and multi
variate analyses would help determine the effect of the environment on the faunal 
distributions. In addition to basic data management, more sophisticated programming 
and analysis techniques are needed. 

Basically more funds are needed to support one full-time invertebrate specialist 
as a research assistant and one in computer programming/data analysis. Salaries 
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and supplies would cost approximately $40-50,000 per year. Funds are essential 
for subcontracting analysis of sedimentary characteristics to Dr. S. Naida of. 
the University of Alaska. 

C. Benthic food web studies 

Further identification of dominant prey and predatory fauna in the present 
samples are required to provide complete summaries on the distribution and r 
abundance of benthic invertebrates th.at are important in the oceanic food webs. 

There are a number of gaps in the research based on the integrated sampling 
to be accomplished on the 1978 USCGC NORTHWIND cruise in the western Beaufort 
Sea. The ba~e funding level of $75-83,000 will not allow the work-up of the 
small benthic fauna, the meio-fauna (0.064 - 0.5 mm) and the small macro-fauna 
(0.5- 1.0 mm). These are.the forms that would ingest bacteria, detritus, and 
benthic diatoms. The evaluation of the importance of the mic~obenthic food web 
must include these small organisms (Gerlach, 1971). Support for working up 
selected samples from the 1978 cruise would cost approximately $25,000. 

SUMMARY 

An evaluation of the dynamics of the total benthic community is the next 
logical step in the arctic research program. The natural temporal variability 
must be verified, the smaller members of the community/must be determined, the 
growth rates of the dominant organisms must be measured, the modes and rates of 
repopulation must be ascertained, and the "key" species in the benthic food web 
must be determined before meaningful predictions can be made on the potential 
consequences of a major extinction event occurring on the Beaufort Sea continen
tal shelf. 

What is also urgently needed is more information of the functioning of the 
Beaufort Sea ecosystem. Basic carbon inputs should be evaluated. Even at a 
gross level, estimates of inputs from ice algae, terrestrial and marine detritus, 
phytoplankton production, and DOC and POC from t~e Bering and Chukchi Seas would 
be invaluable in estimating the relative importance of these energy sources. 
Then more detailed research on the major inputs could be studied in more detail. 
Such basic data are necessary for explaining the ecological patterns described 
in the benthic communities. · 
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XVII. STANDARD CONTRACT STATEMENTS 

1. Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate Project Office during 
the contract by the first day of January, July, and October, Annual Reports 
by April 1. The Final Report will be submitted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories will be 
represented by the voucher specimens that will be preserved, labeled, held, 
and shipped to an official OCSEAP-designated repository in conformity with 
OCSEAP voucher specimen policy. 

4. At the option of the Project Office the PI is prepared to travel to the 
Project Office at least twice during the contract year to review project 
status and progress.· Such reviews. will be scheduled on dates mutually 
satisfactory to both parties. It is understood that costs of the travel and 
per diem for these trips will be borne by the Project Office. 

5. Data will be provided in the form and format specified by OCSEAP, accompanied 
by a Data Documentation Form (DDF 24-13) . 

6. Data will be submitted within 120 days of the completion of a cruise or three 
month data collection period, unless a written waiver has been received from 
the Project Office. 

7. Within 10 days of the completion of a cruise or any data gathering effort, 
a ROSCOP data collection inventory form (NOAA 24-23) will be submitted to 
the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains with the U.S. 
Government pending disposition at contract expiration. New equipment 
purchased will be reported quarterly and inventoried annually. The PI will 
maintain inventories of all expendable and non-expendable equipment purchased 
with OCSEAP funds. Information will be recorded as shown on form CD-281, 
"Report of Government Property in Possession of Contractor" (copy attached). 
Updated copies of these inventorie~ will be submitted quarterly. 

/ 

9. Three (3) copies of all manuscripts for publication or presentation which 
pertain to technical or scientific material developed under OCSEAP funds will 
be submitted to the appropriate Project Office at least sixty (60) days prior 
to release, for information and for forwarding to BLM. The release of such 
material within a period of less than sixty (60) days shall be made only with 
prior written consent of the l'roject Office. News releases will first be 
cleared with the appropriate Project Office. 

10. All publications and presentations of material developed under OCSEAP funds will 
acknowledge BLM/OCSEAP sponsorship. The following acknowledgment is standard: 

"This study was supported by the Bureau of Land Management through interagency 
agreement with the National Oceanic and Atmospheric Administration, under which 
a multi-year program responding to needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental Shelf Environmental 
Assessment Program (OCSEAP) Office." 
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E. Other Relevant Information 

It is apparent that the n~ed for more comprehensive, solid, and detailed 
data from the Beaufort Sea is more important at this stage of the OCSEAP research 
than is a small amount of superficial data from the Chukchi Sea. The latter 
samples and data can be worked up and analyzed at a later date when there is more 
research emphasis placed in the Chukchi Sea environmental assessment for oil 
exploratory drilling in coastal and offshore waters. 

(1) Justification for data transmittal lag. Benthic ecological research is 
labor· intensive. It takes manpower to collect the samples, to initially process 
them by washing through fine sieves in the field, to pick and sort the fauna from 
the samples, to identify the many species, to study food habits, to estimate 
reproductive activity, and to analyze the derived data. There is, therefore, a 
necessary time lag involved with this type of oceanographic research. In spite of 
the extensive time and effort required to extract this type of 'data (Barnard and 
Jones, 1960), it is evident that the benthos lend themselves as one of the best 
ecological groups for detailed study in an environmental assessment program. They 
are a fixed part of the environment that is reacting to natural and man-made 
changes in their surroundings. 

(2) Justification for the budget requests. (a) Personnel -My approach 
has been to develop a small but· highly trained research group which can be depended 
upon to produce large amounts of accurate data to incorporate in environnien.tal 
baseline-ecosystem studies'of the Beaufort Sea •. Much effort was expended to 
assemble a highly trained and experienced research group to undertake these studies. 
Their record during.the contract years has demonstrated their abilities to 
fulfill the objectives of the program. . The qualifications df these key personnel 
are listed in section D of the Addenda. It is evident, however, that only selected 
aspects of the benthic ecological program. can be accomplished by the small staff. 

General support wages are necessary.for clerical and general school 
support, and for part-time routine laboratory labor. The laboratory· labor 
has helped with the maintenance of field gear, the editing-processing-printing of 
bottom photographs, picking of samples, quantification of samples data, and the 
key-punching of data for computer summarizatiol'l.'and analysis, and Invertebrate 
Reference Museum curation. 

(b) Travel - Travel to a national meeting and -to taxonomic collections and 
specialists has been requested because exchange of new ideas and data are essential 
for maintenance of'an advanced and imaginative/research program and for dissemina
tion of ideas. It is a necessity for key personnel in a program who are identifying 
particular animal groups to be able to consult with qualified taxonomic specialists 
and to use museum collections. New and difficult species are frequently collected 
by us in the Beaufort Sea; confirmation of these identifications are essential. 
The species is the basic datum with which ecologists work; it is necessary that 
this fundamental level of knowledge is accurate and comparable with other data sets. 

(c) Supplies and Services - Sufficient supplies for laboratory research .are 
essential. The masses of ecological and faunistic data can only be analyzed 
statistically by computer. Computer manipulation allows us to transcribe the 
numerous data onto magnetic tape for transmission to NOAA-OCSEAP: the labor and 
computer time involved in these activities are high. 
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nr. Gu::t-~r l-.'aller 
~rQAA Arctic· Proj cct Of fie.~ 
Room 50~C, Elvey Building 
Uni'versity of Alas!<n 
F11irbanl~, ~uas!.:a 99701 

Dear Gunter: 

I have reviewed the final work statement by Carey (RUGJ and have the 
following CO!liDents: · 

'Ihe vork statement .addresses objective l of the UU description, but 
ll!akes no i:lant!on of objective 2. Syntbeds is not really discussed in 
the basic work statement. cspec~ally with reference to the analysis of 
pot.ent:ial vulnerabUities of benthos to CCS actions. l!odulcs. 3 and 4 
(ndditional cost to OCSEAP) addre~s the analysis and synthesis of data 
a:J.d app.ear to b~ the routine workup of sa.nples and data that should 
nort~ally have been forthcoming froo. previous yf'.ars' field \Jork. 

I racommand we. ask Carey to eli~innte the residual fiold work_sbovn in 
the proposal (I can't tell whether this is extensive over the sbelf or 
restricted to the Pitt Pt. transect), and only workup and analyze these 
samples ••!<lost relevant" to the proposed lease area. Any analyses which 
~st be postponed beyond FY 79 should be clearly secondary objectives in 
t:he vork statement.· Ye obviously donQt kn~ whether there wUl be 
auppor; for additional analyses in FY SO. · 

Dy the way, Cn%ey's request for no-cost extension and use of overhead, 
savings .was appreved and fox:warded to cont:ractsl> so he has continuity 
past October 1.. · · 

Sin~erely, 

Douglas A. Holfe 
ActL,3 Director, OCSi::AP 

bee: Subject(j{t{ b \ 
Chrono \('· ~ 
Read 
Signer 

DAWolfe/mv/29Sep78 
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To: Juneau Project Office 
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Proposal Date: ·January 1979 
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Task Order 11: 
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the Bering Sea 

Cost of Proposal: Lease Areas Aleutian Shelf 
L-DGO provided services 
NOAA provided logistics 

TOTAL 

$130,000 
$100,800 
$230,800 

St. George Basin 

Period of Proposal: October 1, 1978 through September 30, 1979 

Date Date 

70 % 

30 % 

-------------------------- ---------- ---------------------- ----~----
Dr. John N. Davies 
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Director 
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CONGRESSIONAL DISTRICT NUMBER: 13-5598093 
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TECHNICAL PROPOSAL 

I. A. Title: A seismotectonic analysis of the seismic and volcanic hazards 
in the Pribilof Islands - Eastern Aleutian Islands region of 
the Bering Sea 

B. Research Unit Numoer: 16 

C. Contract Number: NOAA 03-05-022-70 

D. Proposed Dates of Contract: October 1, 1978 - September 30, 1979 

II. Principal Investigator(s) 

III. 

A. Dr. John N. Davies 

B. Dr. Klaus R. Jacob 

Cost of Proposal Federal Fis-cal Year 1979 

A. 

B. 

c. 
D. 

E. 

F. 

Science: 

P.I. Provided Logistics: 

Subtotal: 

NOAA Provided Logistics: 

Total: 

Distribution of 

Aleutians 
Beaufort Sea 
Bristol Bay 
Chukchi Sea 
Kodiak 

effort by 

Lower Cook Inlet 
NEGOA 
Norton Sound 

$130,000 

None 

$130,000 

$100,800 

$230,800 

lease area: 

70% 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. St. George Basin 30% 

10. Non-lease-area laboratory management 
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IV. Background 

We propose to continue to monitor seismic and volcanic activity on the 

Pribilof Islands, Eastern Aleutian Islands, and Western Alaska Peninsula. 

Since seismic and volcanic activi~y has periods on the order of decades and 

centuries, this project is conceived as a long-term effort to obtain the best 

record possible of the seismicity of the study area. This project is comple-

mentary to similar projects being carried out by the University of Alaska in 

the Kodiak and Lower Cook Inlet areas and the USGS in Lower Cook Inlet and the 

Gulf of Alaska. In addition. it is viewed as a subset of a larger seismotec-

tonic study of the Aleutian arc funded by ERDA. Relevant seismic and geodetic 

results from this ERDA study are reported to NOAA through the present contract. 

We seek a major increase in funds to improve the reliability of our network 

operations in both the Aleutian and St. George Basin areas. A major upgrading 

of the recording center at Sand Point is being undertaken with D.O.E. support. 

In the seismically active Dutch Harbor region we propose to add a non-

seismic repeater and a strong motion accelerograph to increase the probability 

of obtaining useful strong motion accelerograph data for the eastern Aleutian 

Island arc. Only two such records presently exist. At the evaluation meeting 

held in Menlo Park early this year (1978), .representatives of the oil industry 
' I 

reported that they had commisioned a stud~· of Japanese strong motion data to 

develop estimates of acceleration vs. distance relations for the Aleutians • 

They stated that the acquisition of strong motion data from the Aleutians would 

allow formulation of better estimates for these relations and that the improved 

relations would be extremely valuable in designing structures for the Aleutian 

region. 

In the St. George Basin'region we propose to rewire the recording system to 

improve the signal to noise ratio of the records there. 

96 



4 

At present, only a single local station exists (at St. Paul Island) so 

that only teleseismic locations for earthquakes are possible. During the past 

two years a few local and regional earthquakes have been detected by the local ., 
station. The locations of most of these events cannot be determined because they 

are too small to recorded by other· seismograph stations. During the ten years. 

-· 
1965-1975, six earthquakes have been located in 'the St. Geo~rge Basin region 

using teleseismic data. The distribution of these events is elongate in the 

direction of the long axis of the basin.· Seismic profile records indicate that 

at least one side of the basin is fault controlled. Geological work in the 
,, 

Pribilof Islands indicates the existence of faulting between the islands along . i 

a N.Y. trend,. subparallel to the long axis of the St. George Basin and to the 

elongation of the earthquake distribution. The time intervals between the ar-

rivals of P (longitudinal) and S ($hear) waves, at th.e St. Paul seismic station, 

indicate distances to earthquakes in 'the range ten to a few hundred kilometers. 

It is possible, therefore, that the minor seismic activity is associated with 

the N.Y. trending faults described above. 

Ye propose to attempt to locate the larger events recorded at St. Paul and 

at Dutch Harbor or Sand Point. If these events show a marked N.W. lineation, 

then more detailed investigations of their possible relationship to major faults 

would be mandated. 

The D.O.E. funded upgrading of the recording center at Sand Point involves 

adding recording capability for the Pavlof Volcano network, improving the timing 

system and standardizing the recording format to reduce the data-reduction 

burden. By the end of summer 1979, we plan to have converted all of the Aleu-

tian recording centers (Sand Point and Dutch Harbor) to analogue tape sys-

tems that automatically record only when an event occurs. This recording mode 

eliminates the necessity for time consuming scanning of tapes or films. For the 
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present these tapes will be manually reduced on an existing playback system. 

Starting in mid 1979, a USGS supplied computer will be available at L-DGO for 

digitization of the analog data and subsequent processing. 

The structural geology work proposed last year was successfully carried 

out this summer. A continuation of that work is proposed in a separate proposal 

to the National Science Foundation. 

V. Objectives 

The general objective of the proposed research is to analyze the seismic 

and volcanic hazards in the eastern Aleutians and St. George lease areas. 

The specific objectives of this research are as follows: 

A. Record the locations and magnitudes of all detectable earthquakes 

within the study area and to develop frequency of occurrence versus 

magnitude relationships. 

B. Correlate, where possiole, the observed seismic activity with surface 

and near surface faults identified in geologic mapping. 

C. Develop acceleration versus distance relations for major earthquakes. 

D. Monitor seismic activity of volcanoes within the study area to eval

uate volcanic hazards to OCS development·and to contribute to an 

understanding of the regional tectonics. 

Maps of earthquake locations are essential to determine whether or not there 

exist linear alignments of epicenters within a lease area that might be asso-

ciated with the faults. Also, the spacio-temporal pattern of seismic activity 
/ 

I 

is an important tool for earthquake prediction. Frequency of occurrence versus 

magnitude relationships are required for the production of earthquake risk maps. 

The correlation of seismic activity with geologically mapped faults is strong 

evidence that the fault is active and a potential source for a large earthquake 

(depending upon the effective length of the fault). The identification of active 

faults is obviously critical to the evaluation of the seismic hazard in a lease 

area. 
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Acceleration-versus-distance relations for various earthquake magnitudes 

are the basis for predicting the peak acceleration and spectral content for 

strong ground motion as a function of position within a seismically active 

region. This predicted ground ~otion is required for designing of proposed 

or future structures with respect to their ability to withstand a given earth

quake. 

Very little is known of the detailed seismic and eruptive history of most 

of the Aleutian volcanoes. By placing some of the seismic stations of a re..-. 

gional network on active volcanoes, these stations can be used both to locate 

tectonic earthquakes and to monitor the seismic activity of the volcanoes·. It 

is likely that the regional stress 'field which causes earthquakes controls vol

canic activity as well. Conversely, it is possible that monitoring volcanic 

activity may be a useful tool in pred~cting major earthquakes in the Aleutian 

seismic zone that could constitute.a severe hazard to most off and onshore 

installations associated ~ith oil r~source development and exploration. 

VI. Strategy and Approach 

General Strategy. The fundamental observation upon which this work is 

based is that seismic and volcanic activity is episodic with periods of the 

order of decades and centuries. To monitor this activity, therefore, requires 

a long-term commitment to the operation of a suitable seismographic network. 

For some purposes, such as characterizing the general level of seismic activity, 

determining the repeat times for large earthquakes, and delimiting aftershock 

zones for large earthquakes, teleseismic data will suffice. For other purposes 

a local seismic network is essential; these include (1} locating earthquakes 

accurately enough to associate them with a geologically known fault, (2) deter

mining accurate source-receiver distances for strong motion records so that 
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acceleration vs. · distance relations can be computed and (3) utilizing the more 

frequent but smaller magnitude earthquakes that ar.e below the detectability 

threshold of a world-wide network for (a) computing focal mechanisms, (b) 

determining spacio-temporal patterns of epicenters, and (c) reducing the time 

required to identify lineations in the distribution of ·epicenters that might 

indicate an active fault. 

Experimental-Design. The principal focus of our work in the eastern 

Aleutians has been a seismotectonic study of· the Shumagin Islands seismic gap. 

Consequently a network of some 15 remote seismic stations exists in the Cold 

Bay-Shumagin Islands vicinity. There ~re also four strong.motion accelerographs 

located within this region at Cape Sarichef, Cold Bay, Sand Point and Simeonof 

Island. In addition to the 15-station regional network we.maintain a 12-

station network around Pavlof Volcano to s~udy its geothermal potential. There

fore, the Cold Bay-Shumagin Islands region is-sufficiently instrumented to meet· 

the objectives outlined above. 

The Shumagin Islands seismic gap is presently, however, a region of 

fewer earthquakes compared to adjacent regions of the Aleutian arc like that 

around Dutch Harbor. To increase the probability of obtaining strong-motion 

accelerograph records we have proposed to add a second accelerograph in the 

Dutch Harbor vicinity. Utilizing this data depends on accurate hypocenter 
I . 

locations. There are, however, only 3 seismic stations in this area and they 

are poorly distributed to locate earthquakes. Ye propose to relocate }~ to 

improve the geographic distribution of the network and to better monitor 

Hakushin Volcano (see Figure 1). To achieve an improved geographic distri-

bution of ·the network will require a repeater station near Dutch Harbor. 

Because all of the remote stations will be repeated through this station 

(probably located on Ballyhoo Hill) we have proposed that it be made partially 
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redundant; i.e., that it have dual transmitters to Dutch Harbor. Finally, we 

have proposed to D.O.E. to add one horizontal seismometer at Dutch Harbor so 

that this central station will have a complete set of three orthogonally ori-

ented seismometers. It is important to have at least one station at which 

there are horizontal seismometers so that the arrival times of shear waves 

can be reliably determined. These arrival times are strong constraints in lo-

eating hypocenters. 

There is only seismograph station in the Privilof Islands. To meet the 

objective of locating nearby earthquakes that may be occurring in the. St •. George 

Basin we originally proposed to install two remote seismic statio~s on St. 

George Island and two on St. Paul Island and to install an analog, tape recording 

system that detects events and only records when an event occurs. This recording 

system would have been similar to one that is now in Dutch Harbor. 

Because of budgetary constraints we have eliminated this expansion of the 

St. Paul system. To partially meet the objectives of that system we will attempt 

to locate earthquakes detected both by the St. Paul station and those at Dutch 

Harbor and/or Sand Point. 

Management. The research work proposed. will be directed by Drs. John Davies 

and Klaus Jacob. They will be assisted in carrying out this work by three 

graduate students: Leigh House, Janet Krau~e and Steve Hickman. ;The technical 
I 

operation will be overseen by Doug Johnson' who is the technical manager for all 

of L-DGO's seismic networks. Between this contract and that with DOE, 24 man-

months of technician time are required to maintaining and upgrading the network 

and recording centers. Station operators have been hired for the Sand Point, 

Dutch Harbor and Saint Paul recording centers. Two full-time record r~aders 

will reduce the raw data. 
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Calibration. The most critical variable in seismographic work is time. It 

is necessary to read the arrival times of body waves at the various stations 

with a r.elative precision of better than one-tenth of a second. This pre

cision is assured by telemetering regionally grouped stations to a common re

cording center so that all use the same time standaTd. At each of the recording 

centers a Sprengnether crystal-controlled clock is used as a local time stan

dard. This clock is compared daily to WWV or WWVR. A strip cnart record of 

this comparison is kept so that an accurate and verifiable plot can be made of 

the drift of the local time standard with respect to Coordinated Universal Time 

(CUT). Since most other seismic records are refetred to CUT, our records can 

be used in conjunction with them to an accuracy o! better than one-tenth of a 

second. The level of timing accuracy imposes a limit to the accuracy of lo

cation of hypocenters which is of the order of ~ne to ten kilometers. 

Computation of the magnitude of an earthquake is problematic at best and 

is further complicated when the recording system includes radiotelemetry links. 

A telemetry system imposes more elements needing calibration,and a limit to the 

dynamic range,of the overall seismographic system so that coda-length measures 

of magnitude become necessary. Because of incomplete knowledge of the site 

geology, it is difficult to assess the coupling of the seismometers to the 

ground and the transfer function of the local soils and crustal rocks, There

fore, there is no good way to directly calibrate the magnification of a seismic 

network. As. a first approximation, we assume that the seismometer responds ac

cording to the manufacturer's specifications, electronically calibrate the rest 

of the system as installed.and compute a theoretical magnification for each 

seismograph. Richter-type magnitudes are then computed for the set of earth

quakes where arrivals are not clipped at most of the stations. The coda-lengths 

for these arrivals are plotted against the Richter-type magnitudes to obtain a 
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coda-length magnitude scale. The standard deviation of magnitudes computed in 

this way is approximately one-half of a ·magnitude unit, which is about what is 

usually observed. We have examined the individual station deviations for bias 

and found none; therefore, there are no systematic errors in calihration for any 

given station. 

Hypocenter Location. Hypocenter locations are found using a -version of 

Lee and Lahr' s computer pr.ogram, HYP0-71. This program computes estimates of 

the error in the arrival times and the vertical and horizontal coordinates. 

We use only those events for which these estimates are less than 0.25 seconds 

and 15 and 10 kilometers, respectively. Hypocenter cross sections show a Ben-

ioff zone which appears to be 20 kilometers thick. Assuming that all of these 

events occurred on a plane, this would imply a standard deviation in the loca-

tions of about seven kilometers. Note that this is only an estimate of the 

level of precision in the locations. 

I 

I 
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VII. Deliverable Products 

A. Digital Data: Derived earthquake'parameters (e.g. date, time, loca-

tion~ depth, magnitude)'will be submitted on punched cards in the 

standard Hypocenter Data File format. Minimum and maximum values of 

the· range of each parameter will be provided with each data submis-

sion. Each event is reworked two or three times to improve the phase 

arrival time pick for each. This process compares the theoretical 

arrival times to the observed so that any significant errors are 

immediately obvious. Final hypocentr~l parameters are punched on 

cards. Before the cards are mailed, a listing is made that is com-

pared to the intermediate solutions to assure that no punching error 

has been made. 

B. Narrative Reports: As the data is worked up it will be presented in 

the quarterly report. Included will be (1) a detailed description of 

the operation of the seismic network (including the number and spatial 

density of instruments and resulting accuracy of derived earthquake 

parameters), (2) a summary and interpretation of seismic and volcanic 

events recorded, (3) evaluations of frequency versus magnitude rela-

tions, activity related to faults (if any), and acceleration versus 

distance relationships. 

C. Visual Data: On the standardized bases we will provide maps of (1) 

hypocenter location and magnitudes, (2) magnitude versus frequency 

relationships for selected areas, (3) seismic activity related to 

faults along with supportive text (4) ground acceleration versus 

distance relationships, (5) volcanic activity, and (6) seismic and 

volcanic risk. It should be noted that much of the data needed to 

develop the above relationships and maps will be only slowly acquired 
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so that some of the maps l!sted.he~e may be based on very iimited data 

and hence will have to he of a very preliminary nature. Some, such as 

acceleration versus distance relations, may take years to complete. 

D. Other: None 

E. Data Products Schedule: 

Data Type: Seismic hypocenters 

Media: Punched cards 

Est. Volume: About 100 cards per quarter 

OSEAP Format: Standard Hypocenter Data File format 

Processing and Formating will be done by L-DGO. 

Collection Periods Submission Dates 

Oct., Nov., Dec. 1978 1 April 19.72 . 

Jan., F.eb., Mar. 1979 .. 1 July 1279 

Apr., May, June 1979 1 October 1979 

July, Aug., Sept. 1979 1 January 1280 

VIII. Archival Plans 

All of the original records (tape, film, paper} are archived at L-DGO in 

the Seismology Department's seismogram arQhive. The only exception to this is 
I 

I 

a set of Helicorder records of the Pavlof Volcano station, PVV, which. are made 

by the University of Alaska in parallel to the L-DGO develocorder film record 

of this station. These Helicorder records are archived by the University of 

Alaska (contact Dr. Juergen Kienle} • 

• 
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IX. Logistic Requirements 

Institution: Lamont-Doherty· Principal Investigators: Davies & Jacob 

A. Ship Support: None requested 

B. Aircraft Support (fixed wing): None requested 

·c. Aircraft Support (helicopter): 

1. Flights are requested to transport equipment and personnel from 

the following base locations to the listed seismic stations. 

Coordinates of the existing stations follow this list. 
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BASE LOCATIONS TASK SEISMIC STATIONS CODE HOURS 

'·' Dutch Harbor B Akutan Volcano ADV 1 
N Ballyhoo BOO 5 
R Makushin Valley MKV 1 
N Makushin Vol~ano MNV 3 

'·' N Sedanka Island SDK 4 
N Uniktali Bay UKT 3 
N Cape Sarichef CPS 3 

Sand Point B False Pass FPS 1 
B Sanak Island SNI< 1 
B (Baldy Mtn.) * (BAL) (8) 
B Deer Island ORR 1 
B Dolgoi Island DLG 1 
B Coal Harbor CHR 1 

B Black Hill BLH 4+3 
B Pavlof North-! PNl 1 
B Pavlof North-2 PN2 1 
B Pavlof North-3 PN3 1 
B Pavlof North-4 PN4 1 
B Pavlof North-5 PN5 1 
B Pavlof North-6 PN6 1 
B Pavlof North-7 PN7 1 

' I B Pavlof North-8 PN8 1 

! B Beaver Bay Rep. BVB 3+3 
B Pavlof South-! PSl 1 
B Pavlof South-2 PS2 1 
B Pavlof South-3 PS3 1 
B Pavlof South-4 PS4 1 
B Pavlof Volcano PVV 2 

I' B Zachary Bay A.KB 2 I. B Chernabura Island CNB 1 
B Nagai Island NGI 2 
B Squaw Harbor t SQH 2 
N Simeonof Island Sni 5 
B Big Ko~iuji BKJ 1 
B Ivanof Bay IVF 1 
B San Diego Bay SGB 2 

TOTAL NUMBER OF HOURS 76 
N--Install New Station 
B--Change Batteries Only 
R--Remove 
*--Service by truck--within wildlife refuge 
t--Service by boat or fixed wing--wildlife refuge 

Thi3 is a ·total of 36 stations with an estimated 76 hours of transport; with 4 
hours per day actual flight time, this requires 19 UHIH days to serVice these 
stations. For total number of UHIH days requested, see item 4 of this paragraph. 
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LAMONT-DOHERTY ALEUTIAN STATIONS, MAY 1978 

STATION CODE COHPONENTS N. LAT W. LONG ERROR (m) ELEV. (m) ELEV. (ft~ 

Saint Paulff SNP SPZ,LPZ 57°09.28' 170°13.09' - 1000 5 16 

Dutch Harbort DUT SPZ,SPH,LPZ 53°53.9' 166°32.2' - 1000 60 197 
Makushin Vallett MKV SPZ 53°55.8' 166°39.0' ~ 1000 Z75 902 
Akutan Volcano AKV SPZ 54°07.8' 166°03.8' 151 381 1250 

Sand Point* SDP A 55°20.48' 160°29.75' 22 30 98 
Sand Point* SAN SPZ,SPN,SPE 55°20.40' 160°29.83' 22 23 75 
Sand Point* SAN LPZ,LPN,LPE 55°20.40' 160°29.83' 22 23 75 

San Diego Bay* SGB SPZ 55°32.75' 160°27.23' 31 275 902 
Ivanof Bay,~ IVF SPZ 55°53.75' 159°31. 80' 22 275 902 
Big Koniuji Island# BKJ SPZ ·55°09.64' 159°33.92' - JO 240 787 
West Unga Islandt WUN A (see CHR) 55°19.9' 160°44.4' 500 150 492 
Pavlof Volcano** PVV SPZ 55°22.451' 161°47.399' 10 164 538 
Squaw Harbor," SQH SPZ 55°13.20' 160°33". 74' 30? 360 1181 

..... Nagai Island* NGI SPZ . 55°02.36' 160°04.15' 27 240 787 
0 Chernabura Island* CNB SPZ 54°49.22' 159°35;30' - 50 90 295 <,0 

Zachary Bay~ ZKB SPZ 55°18.66' 160°44.43 1 - 10 183 600. 

False Passt FPS SPZ 54°56.5' 163°26.2' - 2200 120 394 
Sanak Island¢ SNK SPZ 54°28.44' 162°46.52' 70 159 522 
Deer Island* DRR SPZ 54°55.41' 162°16.99 1 28 380 1246 
Dolgoi Island* DOL A 55°05.75 1 161°45.20' 32 275 902 
Dolgoi Island* DLG SPZ 5S 0 08.46' 161°50.15' 32 367 1204 
Baldy Mountain¢ BAL SPZ 55°11.593' 162°47.208 1 1 28 918 
Black Hills¢ BLH SPZ 55°42.15' 162°03.95' 40 39~ 1279 
Coal Harbor Repeatert CHR R 55°19.9 1 160°44.4' - 500 150 492 

Cape Saricheft CPS SMA 54°35.8' 164°55.6' 178 30 98 
Eagle Harbortt EGH TG 55°06.8' 160°05.9 1 - 1500 1 3 
Pirate Covett PRC TG 55°21.5' 160°21.9 1 - 1000 1 3 
Balboa Bay"tt BBB 'l'G 55°33 1 160°45' - 5000 1 3 



STATION CODE COMPONENT N. LAT W. LONG ERROR (m) ELEV. (m) ELEV. (ft) 

Pav1of South 1** PS1 SPZ 55°25.339' 161°44.173' 10 300 983 
Pav1of South 2>'b~ PS2 SPZ 55°24.402' 161°48.154' 10 459 1506 
Pav1of South 3** PS3 SPZ 55°23.517' 161°49.014 1 10 450 1476 
Pav1of South 4** PS4 SPZ 55°21.238' 161°52.091' 10 520 1707 
Pav1of North 1** PN1 SPZ 55°33.629' 161°57.118' 10 522 1712 
Pav1of North 2** PN2 SPZ 55°30.482' 161°58.177' 10 344 1127 
Pav1of North 3** PN3 SPZ 55°30.353' 162°00.495' 10 330 1082 
Pav1of North 4** PN4 SPZ 55°28.819' 162°01.369' 10 434 1424 
Pav1of North 5** PN5 SPZ 55°28.487' 161°53.524' 10 622 2040 
Pav1of North 6** PN6 SPZ 55°27.118' 161°54.888' 10 814 2670 
Pavlof North 7** PN7 SPZ 55°26.591 1 161°56.781' 10 780 2258 
Pav1of North 8** PN8 SPZ 55°26.623' 162°01.246' 10 605 1984 
Pavlof Repeaters .f•2 PR1,2 R SEE BLH SEE BLH SEE BLH SEE BLH SEE BLH 
Pav1of Repeater 3 PRJ R 55°45.5' 161°12.1 1 - 500 488 1600 
Beaver Bay'~"'t BVB R 55°31.9' 160°59.2 1 - 1000 518 1700 

tt picked from C and GS chart 8802, September 1978 
f--' * picked from 1:63K maps, May 1978 
f--' 
0 

t -~ 

picked from 1:250K maps, May l9f8 

II taken from October 1975 list of station coordinates 

** taken from geodimeter/theodolite surveys made during June -August, 1977 

¢ measured from nearby benchmark, June - August 1977 

A abandoned station 

R repeater only 
APPROXIMATE COORDINATES OF PROPOSED DUTCH HARBOR NETWORK STATIONS 

N. tat. W. Long. Elev. (ft.) 

BHO Ballyhoo Repeater 53°54.8' 166°31. 9' 1400 
MKV Relocated Station 53°54.9' 166°47.9' 1200 
AKV Relocated Station 54°06.7' 166°03.1 1 1500 
SDK Possible Station 53°39.9' 166°08.5 1 1200 
UKT Possible Station 53°35.9' 166°33.9' 2100 
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2. The purpose of these flights is to change batteries, install, re

locate and service remote seismic stations. 

3. Optimum time is July-August plus or minus one month. June is 

okay for stations to be serviced out of Saint Paul and for most 

stations serviced out of Sand Point. Many of the stations ser

viced out of Dutch Harbor, and some out of Sand Point are still 

above the snow line in June. Dividing the work into two time 

frames allows a break for personnel and restocking of supplies 

which is necessary. The optimum interval between these time 

frames would be four (plus or minus one) weeks. 

4. Assuming 19 routine service days, 2 days for travel to each base 

plus 2 days for travel to and from the general service area, and 

5 days of mop-up time, we require: 

28 days of helicopter operations at 

4 hours per day, which equals 

112 hours total. 

Note that these estimates do not account for very unusual weather 

conditions or down-time of helicopter, i.e. for 100-hour inspec

tions or repairs. Hence, the number of days required may be 

substantially more, although actual flight time may be not. 

5. Usually there will be four people aboard each flight. With the 

UHIH, the number of people varies according to the logic of the 

particular situation, four people working in various combinations 

seems to be close to optimum. 
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6. Weight and dimension of equipment (per station): 

S air cells (dry) 

6 gallons water 

2 to 4 back packs 

1 spare antenna 

1 spare mast 

4 spare guy-bars 

Misc. supplies 

22: lbs. ea. 9 x 10 x 12 inches 

SO los. total 14 x 14 x 14 inches 

SO lbs. ea. 14 x 18 x 32. inches 

20 los. ea. 36 x 36 x 6 inches 

20· lbs. ea. ~6 x 2 (diam.} inches 

10 lbs. total 96 x 1 x 1 inches 

30 lhs. total 12 x 12 x 24 inches 

18 

7. We have used both the 206 and the 205. The 205 is preferable, but 

we can use either. 

8. NOAA, if possible; Kenai Air, if not. 

9. Per hour costs for Kenai Air are: 

206B $300 (4 hour min. per day) 

20S $800 (4 hour min. per day) 

10. Recommended staging areas are the base locations given in (1) 

above: Sand Point and Dutch Harbor. Note that commercial fuel 

is available only in Port Heiden, Cold Bay and Dutch Harbor. 

If arrangements are made several months ahead of field time 

jet fuel in sealed barrels can be shipped to and stored at 

Sand Point and possibly Port Holler or Cathedral River. 

11. Require: Radio for base location and £or helo. Base and field 
I 

I 

parties should be able to co~unicate with each other and with the 

helicopter on marine emergency frequency or communication on CB 

frequencies. L-DGO will provide 4, six-watt Handy-talkies on 

about 150 HH2. 

D. Quarters and Subsistence Support: 

1. Scientific personnel will make their own arrangements for quarters 

and subsistence. Cost will be covered by per diem requested under 

this and the DOE proposal. 
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2. Scientific personnel plan to lodge as follows: 

Sand Point - Rent apt. from Shumagin Homes, Inc • 

. Dutch Harbor - Room and board at hotel (?) 

E. Special Logistics Problems: 

19 

The chief logistic pro&lem is fuel. It is available at Cold Bay and 

Dutch Harbor. It must be cached at Sand Point and possioly at Port 

Moller and Cathedral River. If plans are made far enough in 

advance, it can be transported by sea to those places, saving a great 

deal over air freight from Anchorage. Because the fuel source deter

mines the day-to-day logistics, it would be useful for the P.I. and 

the pilot to agree several months in advance on the sources so that 

jet fuel, batteries and equipment could be shipped directly to the 

base from which they will be used. Note that since some stations 

serve as repeaters for others, there is an optimum sequence for ser

vicing the stations. If weather forces deviations from the optimum 

sequence extra trips will be required to some stations. 

X. Anticipated Problems 

Equipment failures from bea:rs, icing and other natural causes continue to be 

a major problem. A program to upgrade and acquire spare equipment is ·proposed. 

A visit to a few selected remote sites in the early spring to repair critical 

stations would result in a better continuity of data. Preventative maintenance 

trips are scheduled to the recording sites. If weather forces a curtailment of 

the helicopter based servicing of stations, critical work will be attempted by 

boat, fixed wing aircraft or later helo scheduling. Other work may be abandoned 

for the season. An alternative would be to allot 10 to 20% more UHIH days than 

are requested for servicing operations. 
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XI. Information Required from Other Investigators 

The following types of information may. be needed: 

A. Marine geophysical data; seismic profiles, gravity, etc. 

B. Hypoeentral parameters from other· areas 

c. Historical su~aries·of seismic activity 

D. Current meter data 

Informal letter contacts and verbal agreements have been made with several 

other investigators. So far, any needed data has been readily available. 

i 
I 
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XIII. Outlook 

As was noted in the Background and Objectives sections of this proposal 

and as was discussed in last year's Outlook section seismic activity is epi

sodic with periods of the order of decades and centuries. Almost all data 

based on a few years work must be regarded as preliminary. Seismic ~onitoring 

should be maintained throughout the planning, exploration and production stages 

of oil resource development. Initial data lays the oasis for future conclusions 

regarding changes in seismic patterns and points out regions in which to con-

centrate future effort, such as areas of possible fault or volcanic activity. 

The ultimate goal of seismic monitoring is some kind of earthqUake pre-

diction capability. The sophistication of this prediction capability will de• 

pend upon the quality and length of the data set available and upon ~he breadth 

of the multidisciplinary approach used (see last year's Outlook). Here were~ 

strict our comments to seismic monitoring only. 

A. Final Results and Data Products 

1. Catalogue of annual seismicity maps. 

2. Seismic risk map. 

3. Graphs of acceleration versus distance, 

4. Maps summarizing relatipn of seismic activity to faults. 
I 

B. Milestones are difficult tb predict since they depend upon the avail-

ability·of data. We plan preliminary versions of all of the above by 

the end the proposed contract year. However, to develop acceleration 

versus distance relatous will probably require as much as 5-10 years of 

data before they are really useful. 
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c. Cost by fiscal year to maintain present effort: 

79--$130,000 

80--$134,000 

81--$143,000 

82-$153,000 

83--$164~000 

23 

This assumes 7% inflation, that DOE continues to provide 250-300 thousand 

dollars per year, and NOAA provides the helicopter support (see E). 

D. Location of field effort--same. 

E. Logistics Requirement. 

Approximately 28 days (actual flying time) of UHIH time per year. 
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XIV. CONTRACTUAL STATEMENTS: 

A. Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

B. Quarterly Reports will be submitted to the appropriate Project.Office 
during the contract by the first day of January, July, and Octooer, 
Annual Reports by April 1. The Final Report will be submitted within 
90 days of the expiration of the contract. 

C. Where biota are concerned, all species and higher categories will be 
repre~ented by the vou~her specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP-designated repository in con
formity with OCSEAP voucher sp~cimen policy. 

24 

D. At the option of the Project Office the PI is prepared to travel to the 
Project Office at least twice during the contract year to review project 
status and progress. Such reviewS will be scheduled on dates mutually 
satisfactory to both parties. It is understood that costs of the tra
vel and per diem for these trips will be borne by the Project Office. 

E. Data will be provided in the form and format specified by OC.SEAP., ac
companied by a Data Documentation Form (PDF 24-13). 

F. Data will be submitted within 120 days of the completion of a cruise or 
three month data collection period, unless a written waiver has been 
received from the Project Office. 

G. Within 10 days of the completion of a cruise or any data gathering effort, 
a ROSCOP data collection inventory form (NOAA 24-23) will be submit~ed to 
the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with the U.S. 
Government pending disposition at contract expiration. New equipment 
purchased will be reported quarterly and inventoried annually. The PI 
will maintain inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded as shown on 
form CD-281, "Report of Government Property in Possession of Contractor" 
(copy attached). Updated copies of these inventories will be submitted 
quarterly. 

I. Three (3) copies o'f all .manuscripts for publication or presentation which 
pertain to technical or scientific material develop~d under OCSEAP funds 
will be submitted to the appropriate Project Office at least sixty (60) 
days prior to release, for information and for forwarding to BLM. The 
release of such material within a period of less than sixty (60) days shall 
be made only with prior written consent of the Project Office. News 
releases will first be cleared with the appropriate Project Office. 
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J. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship. The following acknow
ledgment is standard: 

11This study was supported by the Bureau of Land Management 
through interagency agreement with the National Oceanic and 
Atmospheric Admtnistration, under which a multi-year program 
responding to needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental Shelf 
Environmental Assessment Program (OCSEAP) Office." 
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RFx41-16-2558 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental 
Assessment Program 
Bering Sea-Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

TO Rudolf J. Engelmann;. Director 
OCSEAP - Alaska Program Office, Boulder 

THRU Kay Jentsch, Cont~act's 
OCSEAP - Alaska Program Office, Boulder 

FROM Herbert E. Bruce, Manager 
OCSEAP - Juneau Project Office 

SUBJ OCSEAP Research Unit 16. 

REFS (1) Juneau Project Office Ltr to· Drs. Davies and Jacob requesting 
renewal proposal dated May 22, 1978 (enclosed). 
(2) Original Proposal dated July 1978 (enclosed) 
(3) Copy of project office internal comments on propo~al (enclosed) 
(4) Juneau Project Office Ltr to Drs. Davies and Jacob,-requesting 
revision to proposal dated December 15, 1978 (enclosed). 
(5) Revised renewal proposal, dated January 1979, (enclosed)". 

Required Acceptance Letter for RU 16 
Drs. Davies and Jacob 

The enclosed revised FY 79 renewal proposal (dated January 1979, p. 1-39), 
entitled "A Seismotectonic Analysis of the Seismic and Volcanic Hazards in 
the Pribilof Islands -Eastern Aleutian Islands Region of the Bering Sea", 
has been reviewed by the Juneau Project Office and judged acceptable at the 
total funding level of $130,000. · Pending availability of FY 79 supplemental 
funds, please send an acceptance letter to Drs. Davies and Jacob and initiate 
contracting procedures for this amount minu~ interim FY 79 funds already 
provided. ' 

Enclosures: refs 1 - 5 (above) 
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Proposal Date: June: 15, 1978 
.Contract:#: 0~-5-022-85 

FY 1979 RENEWAL PROPOSAL 

Researeh unit Number 29 

TITLE: Assessment of Potential Interactions of Microorganisms 

and Petroleum Pollutants in Alaskan Outer Continental 

Shelf Areas. 

PRINCIPAL INVESTIGATOR: Ronald M. Atlas, Ph.D. 
Deparkment of Biology 
University of Louisville 
Louisville, Kentucky 40208 

COST of PROPOSAL: $135,504. 

Lease Areas 
Beaufort Sea 
cook Inlet 
Norton Sound 

I 

PERIOD of PROPOSAL: 

52% 

24% 
24% 

Octope~ 1, 1978 - September 30, 1979 

Ronald M. Atlas 
Principal Investigator 
502-588-6773 

.John A. Dillon, Jr. 
Vice President 
502-588-6153 
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TECHNICAL PROPOSAL 

I. Assessment of Petroleum Interactions of Microorganisms and PoJlutants 
from Petroleum Development. 

RU #29 
Contract # 03-5-022-85 
Dates: October 1, 1978- September 30, 1979 

II. Principal Investigator: Ronald M. Atlas 

III. Proposed Budget 10/l/78 - 9/30/79 

A. Science 

B. P. I. Provided Logistics $ -0-

C. Tot"l 

D. Distribution of effort by lease area: 

52% Beaufort Sea 
24% Lower Cook Inlet 
24% Norton Sound 

i 
/ 
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IV. Background 

Microbiological research in the Beaufort S.ea was commenced in 
FY 75 but was discontinued during FY 77, mostly for fiscal reasons. 
During the first year of the work seasonal and spacial distributions 
of microorganisms between Pt. Barrow and Prudhoe Bay were determined 
and some work on hydrocarbon biodegradation was carried out. These 
studies showed that viable microbial populations had higher concen
trations in water in this area than in non-polluted temperate waters. 
Sediment populations were of comparable densities to populations in 
Gulf of Alaska and Cook Inlet sediment. Populations were lower in 
surface water during winter than during summer. Microbial diversity 
was high in sediment during both summer and winter. An OCSEAP
sponsored workshop on microbiology in 1976 pointed out the many defi
ciencies in our understanding of microbiological processes and bio
degradation of oil and recommended continuation of these studies in 
the Beaufort. Sea. Investigations of the fate of petroleum in Arctic 
marine sediments and under sea ice were begun during FY 78. 

Microbiological research in the Cook Inlet was commenced in FY 
77. During the first year of the work di~tribution of microbial 
populations were determined and some work on biodegradation was carried 
out. This work was continued during FY 78. Four sampling cruises will 
have been carried out by September 30, 1978. The results of micro
biological studies have been summarized in resent synthesis and review 
meetings (see attached reports). 

V. Objectives 

A. To determine the distribution of microbiological populations in 
the Beaufort Sea and assess the potential interaction of micro
organisms and pollutants produced by petroleum development on 
the outer continental shelf. Specifically: 

1) To examine the biodegradation of petroleum hydro
carbons in Beaufort Sea sediment. 

2) To examine the biodegradation and weathering of 
of petroleum in and under sea ice. 

3) To determine geographical distributions of taxonomic 
groups of microorganisms between the Colville River 
and Barter Island. · 

B. To determine the distribution of microbiological populations in 
Lower Cook Inlet and adjacent areas and assess the potential inter
actions of microorganisms and pollutants produced .by petroleum 
development on the outer continental shelf. Specifically: 

1) To determine distribution and densities of microbial 
populations in sediment and water. 
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2) To determine the potential rates of biodegradation 
of petroleum hydrocarbons in water and sediment. 

3) To examine denitrification processes in sediment. 

C. To determine the distribution of microbiological populations in 
Norton Sound and to assess the potential interactions of micro
organisms and petroleum hydrocarbons. Specifically: 

I') To determine if a natural oil seepage in Norton 
Sound has altered the density of taxonomic distri
bution of microorganisms. 

2) To determine if a natural oil seepage in Norton 
Sound has altered potential rates of hydrocarbon 
biodegradation. · 

3) To determine if a natural oil seepage in Norton · 
Sound has altered potential rates of denitrification. 

VI. General Strategy and Approach 

During FY 1978 a study was initiated to examine the long term 
fate of oil in Beaufort Sea sediment. Oil-contaminated Beaufort Sea 
sediment was placed in Plexiglas trays. During FY 79 replicate trays 
will be recovered during winter and summer. Microbial populations in 
the .oil contaminated and adjacent uncontaminated sediment 'wi 11 be 
enumerated to determine if extended exposure to oil alters population 
levels of microorganisms. Enumeration of microbial populations will 
include total microorganisms by direct count, viable heterotrophs by 
plate count, and hydrocarbon utilizers by Most Probable Number pro
cedures. Nitrogen fixation and denitrification activities of the 
indigenous microorganisms will be measured to determine if prolonged 
exposure to crude oil alters rates of nitrogen flux into and from 
Beaufort Sea sediment. Sediment collected from the trays will be 
supplied to project RU 190 for determination of other microbial 
activities. Project RU 190 will also determine nutrient levels . 
in the sediment. 

I 
I . . 

Residua 1 oi 1 in the sediment w,i 11 be recovered by so 1 vent extrac-
tion. Residual oil will be analysed for chemical changes resulting 
from abiotic weathering and biodegradation. Estimates will be made 
for persistence of petroleum hydrocarbons in Beaufort Sea sediments. 

During FY 1978 miniature oil spills \vere established in stain
less steel cylinders under ice in Elson Lagoon. A modification of 
this spi 11 technique wi 11 be used to examine the fate of oil spi 11 ed 
under ice. Small quantities of oil will be spilled under ice within 
Elson and under shorefast ice of Pt. Barrow. The ice off Pt. Barrow 
is less even on the underside and has more apparent brine channels 
than ice within Elson Lagoon. After 4 days and 4 months exposure, 
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ice cores containing the oil will be recovered. Rates of primary 
productivity and heterotrophic activity will be measured at the 
bottom of the ice core (ice-water interface) and within the ice 
core to determine if oil contamination under ice alters carbon 
cycling activities by microorganisms associated with sea ice. 

Residual oil in the ice cores will be recovered by solvent 
extraction. Recovered oil will be analysed for compositional 
changes due to chemical weathering and microbial biodegradation. 

Microorganisms will be enumerated from samples collected during 
an icebreaker cruise in the Beaufort.Sea during September 1978. The 
cruise is planned to collect samples from the Canadian border to Pt. 
Barrow at the 10 fathom line. Intensive sampling will occur within 
an area of upwelling near Barter Island and within the proposed 1979 
OCS lease area. Microorganisms will be isolated at random from en
umeration plates. Numerical taxonomic procedures will be used to 
characterize microbial populations ill surface water and sediment. 
The distribution of dominant taxa and the diversities of the micro
bial communities will be determined. 

A cruise will be conducted during winter in Lower Cook Inlet 
and adjacent areas. The cruise should collect samples in Shelikof 
Strait where water from Cook Inlet flows and if possible on the 
opposite side of the Aleutian Islands in the Bering Sea. Sampling 
within the Lower Bering Sea will allow us to begin to determine if 
there is a gradual increase of densities of viable microorganisms 

. north of Cook Inlet/Gulf of Alaska or if there is a major one step 
increase immediately north of the Aleutian Islands. The cruise 
within Cook Inlet will allow further seasonal resolution of the 
variation in densities of microorganisms. Microorganisms will be 
enumerated from samples collected on this cruise. Total microorganisms, 
viable heterotrophic microorganisms and hydrocarbon utilizing micro
organisms will be enumerated. Hydrocarbon biodegradation potentials 
will be determined for paraffinic and aromatic petroleum hydrocarbons. 
Rates of denitrification potentials will be determined for sediment 
samples. Extensive numerical taxonomic testing of isolated organisms 
will nat be performed for these samples. The major purpose of this 
cruise will be to further examine levels of microbial biomass and 
activities. 

A cruise will be conducted in Norton Sound in coordination with 
chemical data acquisition projects. The cruise will traverse a sub
marine oil seepage. Densities of microbial populations will be 
determined in the seep area and in uncontaminated areas of the Sound. 
The objective of the cruise will be to determine if the oil seepage 
has altered microbial populations and activities. Since no micro
biological studies have been performed in Norton Sound a second 
objective will be to gain preliminary information on the natural 
abundance and activities of microorganisms there. Enumeration pro
cedures will include direct counts for total microorganisms,plate 
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counts for viable heterotrophs, and Most Probable Number determina
tions for hydrocarbon utilizers. Rates of hydrocarbon biodegradation 
potentials for paraffinic and aromatic hydrocarbons will be deter
mined. Rates of denitrification potentials will be determined for 
sediment samples. Numerical taxonomic procedures will be employed 
to determine taxonomic distribution and diversity of the microbial 
communities. 

VII. Sampling Methods 

In the Beaufort Sea sediment and water samples will be collected 
at approximately 24 stations during September 1978. Analyses using 
these samples will be accomplished during FY 1979. 

Scuba divers will recover replicate trays containing oiled sedi
ment during winter and summer. 

Ice cores will be collected with a Sipre corer from the experi
mentally oil contaminated ice in Elson Lagoon and off Poin~ Barrow. 
Ice cores will be collected d~ring winter a few days after experi
mental oiling, and during spring, several months after oil contamina
tion. The spring samples will be collected during the period of the 
spring, under-ice algal bloom. 

Surface water and sediment samples will be collected during a 
winter cruise in Cook Inlet and adjacent areas and a summer cruise 
in Norton Sound. 

Approximately 25 water and 25 sediment samples will be collected 
during each cruise. The exact sampling locations will be determined 
in collaboration with other microbiological and chemical projects. 
Water samples will be collected with a Niskin sterile water sampler. 
Sediment samples will be collected with box corer or a Van Veen grab 
sampler depending upon availability. 

VIII. Analytical Methods 

Enumeration of Microorganisms 
i 
I 

Enumerations of bacterial populations will be performed using 
both direct count and viable plate count procedures. For direct counts, 
samples will be preserved with formaldehyde, one part formaldehyde:one 
part sample. Samples will be filtered through 0.2 ~m cellulose nitrate 
black filters and stained with acridine orange according to the pro
cedure of Daley and Hobbie (1975). Samples will be viewed with an 
Olympus epifluorescence microscope with a BG-12 exciter filter and 
0-530 barrier filter. Ten fields per filter and two filters per 
sample will be viewed and the counts averaged. 

For viable plate counts, surface spread inoculations from serial 
dilutions will be used. For some water samples concentration by 
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filtration through 0.45 ~m filters (Millipore Corp.) will also be 
used. Marine agar 2216E (Difco) will be used to enumerate viable 
heterotrophic microorganisms, Replicate plates will be incubated 
aerobically at 4 and 20 C to en~merate psychrophilic-psychrotrophic 
and mesophilic populations respectively. 

Most Probable Number estimates of hydrocarbon utilizers will 
be performed. Dilutions of samples will be added to 30 ml stoppered 
serum vials containing 5 ml autoclaved Bushnell Haas broth (Difco) 
with 3% added NaCl, and 50 ~1 filter sterilized (0.2 ~m ~illipore 
filter) Cook Inlet crude oil spiked with l- 14 Cn hexadecane (s.p. 
act. = 0.9 ~Ci/ml oil). Sterility of the oil will be checked by 
plating portions of the oil onto marine agar 2216 (Difco) and ob
serving for colony formation and by measuring 14co2 production from 
uninoculated vials. Poisoned controls will be prepared by adding 
0.2 ml concentrated hydrochloric acid to the vials. A 3 tube MPN 
procedure will be used. Following incubation at 5 C for 4 weeks 
the solutions will be rendered alkaline with concentrated KOH to 
stop microbial activity. Solutions will then be acidified with con
centrated HCl and the 14COf will be recovered by purging the vials 
with air and trapping the 4C02 in 1 ml hyamine hydroxide in perco
lation tubes, 0.5 em x 10 em, containing glass beads (Atlas and 
Hubbard, 1974). The hyamine hydroxide will be washed from the tubes 
into scintillation vials with 3 one ml portions of methanol. The 
counting solution will be 10 ml Omnifluor + toluene (New England 
Nuclear). Counting will be with a Beckman liquid scintillation 
counter. Counts greater than or equal to 2 times control wi.ll be 
considered as positive; counts less than 2 times control will be 
considered as negative. The most probable number of hydrocarbon 
degrading microorganisms will be determined from the appropriate 
MPN Tables (APHA, 1971) and recorded as most probable number per 
ml for water samples or most probable number per g dry wt. for sedi
ment samples. 

Numerical Taxonomic Testing 

Approximately 300 phenotypic characteristics will be determined 
for bacterial strains selected at random from enumeration plates. 
Characterization will include morphological, physiological, biochemical, 
nutritional and antibiotic sensitivity testing. 

Cultures (1-4 d depending on growth rate), from Marine agar 
slants overlain with 1 ml Rila marine salts solution, will be examined 
for cell shape, size and motility (wet mounts); gram reaction (Hucker 
modification), and acid fastness (Ziehl-Neelsen method) (Society of 
American Bacteriologists, 1957). Cultures (10 d) on Marine agar will 
be examined for colony morphology and size, and production of diffusible 
and non-diffusible pigments. Fluorescent pigment formation on Marine 
agar+ 0.15% w/v glycerol will be assessed with UV light of wavelength 
260 nm. Growth on replicate Marine agar plates will be tested at 5, 
10, 15, 20, 25, 37 and 43 C, and at initial pH 3, 4, 5, 6, 7, 8, 9 and 
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10 (adjusted with. HCl or NaOH). Salt tolerance and requirement 
will be tested in the following medium without NaCl and with 3, 
5, 7.5, 10 and 15% (all w/v) NaCl added: Bacto-tryptone, 0.5%; 
Bacto-yeast extract, 0.1%; FeCl3.6HzO, 0.01%; NH4N03, 0.00016%; 
Na2HP04, 0.0008%; Bacto Agar, 1.5% tall w/v); pH 8.0. Oxygen 
relations will be determined from stab cultures in Marine agar 
butts. 

Cultures (10 d) on Marine agar will be tested for catalase 
(with 3% H202) and cytochrome oxidase production (Gaby & Hadley 
method, allowing one minute for the blue color to develop; Skerman, 
1969) Methyl red tests (Society of American ,Bacteriologists, 1957) 
will be done in MR-VP broth (Difco) prepared with full strength Rila 
marine salts solution. Alkaline phosphatase detection (Baker& Kuper, 
1951) will be done on cultures ( 10 d) grown in a medi urn containing 
Bacto tryptone, 0.5%; Bacto yeast extract, 0.1%; NH4N03, 0.00016%; 
FeCl3.6H20, 0.0005%; phenolphthalein diphosphate, 0.001% (all w/v) 
in 3/4 strength Rila marine salts solution at pH 7.2. Arginine, 
ornithine and 1 ys i ne decarboxylase will be detected by the Fa 1 kow 
method (Skerman, 1969), modified by replacing distilled water with 
Rila marine salts solution. These tests measure alkaline end- . 
products and do not distinguish between arginine decarboxylase and 
arginine dihydrolase. 

Nitrate and nitrite reduction will be tested in nitrate broth 
(Difco) with full strength Rila marine mix. Nitrite will b~ detected with 
naphthylamine-sulphanilic acid reagent and residual nitrate with zinc 
dust (Skerman, 1969). 

A~id production from D-ribose, D-fructose, D-cellobiose, lactose, 
sucrose and D-mannitol (all 1% w/v) will be detected in MOF medium 
(Difco). OF tests will be done in MOF medium containing 1% (w/v) 
D-glucose (Hugh & Leifson, 1953). 

Agar hydrolysis will be tested on Marine agar. Sunken col~nies 
and depressions around colonies will be scored as positive, Lipase 
activity will be tested in Marine agar containing 0.01% (w/v) CaCl2 
and 1% (w/v) Tween 20 or Tween 80 (Sierra, 1957). Starch hydrolysis 
will be tested by flooding pl~'te cultures (7 d) on Marine agar+ 0.5% 
(w/v) potato starch with Lugq,l's iodine. Gelatine hydrolysis will be 
tested by flooding cultures (7 to 10 d) on Marine agar+ 10% (w/v) 
with acid HgCl 2 (Skerman, 1969). Casein hydrolysis will be tested 
on Marine agar overlaid with a double layer of 10% w/v skim milk 
agar. For the last three tests, clear zones around colonies will 
be recorded as positive. 

Antibiotic sensitivity will be tested by spreading suspensions on 
Marine agar plates and applying BBL (Cockeyville, MD) antibiotic discs 
(ampicillin, 2 ~g; colistin, 10 ~g; erythromycin, 15 ~g; kanamycin, 5 
~g; kanamycin, 30 ~g; neomycin,-30 ~g; nitrofurantoin, 300 ~g; novo
biocin, 5 ~g; oxytetracycline, 5 .~g; penicillin G, 2 units, polymyxin 
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B, 300 units; strepomycin, 2 11g; tetracyclin, 5 11g). Zones of 
inhibition will be measured and sensitivity determined against 
standard inhibition zones (BBL), 

The following medium (Basal medium B) will be used for sub-
strate utilization testing: Portion 1; KH2P04, 0.1 g; Trizma base, 
6.0 g; NH4N03, 1.0 g; FeCl3.6H20, 0.005 g; Rila marine salts solu
tion, 500 ml; pH adjusted with HCl to 8.0. Portion 2; Purified agar 
(Difco), 10 g; distilled H20, 500 ml. Portion 3; thiamine, sodium 
pantothenate, riboflavin, nicotinic acid, choline, pyridoxamine,· 
cyanocobalamine, (all 1 11g); folic acid, sodium p-aminobenzoate, · 
biotin (all 0.05 11g); distilled H20, 2 ml. Portions 1 and 2 will be 
autoclaved separately. Portion 3 will be filter sterilized. The 3 
portions will be mixed at 55 C. Substrates will be sterilized by 
autoclaving or·by filtration (Stanier, et aZ, 1966) except for hydro
carbons which will be sterilized ultrasonically. Substrates will be 
mixed with the basal media just before pouring to yield final concen
trations of 0.1% w/v except for carbohydrates (0.15% w/v) and phenol 
(0.0125% w/v). A total of 100 substrates will be tested. To deter
mine growth factor requirements, 2 additional basal media will be used. 
Basal medium A will be the same·as basal medium B except that portion 
3 (vitamins) will be omitted. Basal medium E will be the same as basal 
medium B except that it will be supplemented with Bacto yeast extract, 
50 mg, casamino acids, 50 mg and L-tryptophan, 10 mg. Twelve sub
strates (D-ribose, D-fructose, D-glucose, acetate, succinate, fumarate, 
DL-s-hydroxybutyrate, DL-lactate, pyruvate, a-ketoglutarate, D-gluconate, 
glycerol) were used with each of the 3 basal media (A, B, E). Growth 
(colony formation with density greater than control lacking added 
substrate within 14 days) on any of the substrates on a given basal 
medium will be considered as ability to grow on that basal medium. 
Four classes of growth factor requirements will be recognized: type 
1, bacterial able to grow on basal media A, B and E (do not require 
growth factors); type 2, bacteria able to grow on basal media Band E 
but not A (require vitamins as growth factors); type 3, bacteria able 
to grow on basal media E but not A or B (require complex growth factors 
such as amino acids); type 4, bacteria unable to grow on basal media A, 
B or E·(require complex unknown growth factors). 

All substrate utilization tests will be inoculated with a multiple 
syringe inoculator (Kaneko, Holder-Franklin & Franklin, 1977). Positive 
growth will be determined after 14 days incubation by visual reference 
to control plates on the same basal medium with no added substrate. 

Data will be coded in binary form according to RKC format (Rogosa, 
Krichevsky & Colwell, 1971), punched on cards, and verified and proof
read by two people. Errors also will be checked by computer with the 
CREATE program (Krichevsky, 1977). Test reproducibility will be checked 
by periodically retesting s~lected strains. The QUERY computer program 

. (Krichevsky, 1977) will be used to arrange the data suitably for input 
to the numerical taxonomy programs. Similarities will be estimated with 
Jaccard coefficient (SJ) and cluster analyses will be done by unweighted 
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average linkage sorting (Sakal & Sneath, 1963). Clusters of strains 
with similarities greater than 75% will be designated as taxonomic 
groupings (Liston~ Wiebe & Colwell, 1963). The input data will be 
sorted into ~he same order as strains in the cluster analysis triangle. 
The feature frequencies of all characteristics will be determined with 
the feature analysis program, FREAK (Walczak, Johnson & Krichevsky, 
1978)~ Probabalistic identifications will be attempted using the 
program IDDNEW and 3 identification matrices currently being developed 
at the American Type Culture Collection (Johnson, unpublished). 

The number of taxonomic groups and the number of individuals in 
each group, determined by the cluster analyses, will be used to .cal
culate the Shannon diversity index, ~. The formula 

G( H = N N log10N- rn; log 10ni) 

will be used, where c = 3.3219, N =total numbers of individuals and 
ni = total number of individuals in the ith taxonomic grouping.· 

Activity 

Natural Hydrocarbon Biodegradation Potential 

Ten ml of water samples or 10 ml of a 1:100 dilution. of sediment 
samples will be added to 30 ml stoppered serum vials containing 5 ml 
autoclaved Rila marine salts solution and 50 ~1 filter sterilized 
crude oil spiked with 14C radiolabelled hydrocarbon. Poisoned controls 
will be prepared by adding 0.2 ml concentrated hydrochloric acid. Cook 
Inlet crude oil will be used for Cook Inlet studies. l- 14Cn-hexadecane 
(Amersham Corp.), l-14C pristane (Cal Atomics), l- 14C naphthalene 
(Amersham Corp.) and l-14c benzanthracene (Amersham Corp.) will be 
used. The compounds all will be 99+% purity analysed hydrocarbons. 
The concentrations will be adjusted to 0.9 ~Ci .14C hydrocarbon/ml 
crude oil. After incubation at 5 C for 6 weeks, the 14co2 produced 
will be recovered and counted as described for the MPN enumeration 
procedJre. Duplicate determinations will be made for each. Counts 
from the controls will be subtracted from the non-poisoned counts 
and recorded as arbitrary units (CPM 14C02 produced) of hydrocarbon 
biodegradation potential. Since; there were approximately 100,000 CPM 
in the spiked oil, every 1,000 uhits of 14C02 produced is equivalent 
to 1% conversion of hydrocarbon1 to C02. 

Non-nutrient limited hydrocarbon biodegradation potentials will 
be determined in an identical manner to the natural hydrocarbon bio
degradation potentials, except that 5 ml Bushnell Haas broth with 3% 
NaCl will be added to each vial to remove inorganic nutrient limita
tions, replacing the Rila marine salts solution. 

Denitrification in sediment will be examined using the acetylene 
blockage of N20 reduction technique (Balderson, et aZ., 1976; Yoshi-
nari, et aZ., 1976). Nitrogen fixation will be estimated by the acetylene 
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reduction method (Hardy, et aZ., 1973). A 5 ml portion of a 1:10 
diluted sediment sample will be added to a 20 ml glass vial contain
ing 5 ml of either H20, 0,05% KN03, 0.01% glucose, 0,05% KN03 plus 
0.01% glucose, or 0,05% KN03 plus 0.01% glutamate. Vials will be 
sealed with rubber serum stoppers and flushed with argon. Vials will 
be injected with CzH2 generated from CaCz (Alpha Lux Company) to give 
a final concentrat1on of 0.02 atm. Vials will be incubated in the 
dark at 15 C for one week. Gas samples will be removed from the sample 
vials with 5 ml Vacutainer evacuated glass tubes (Becton Dickinson) 
for later analysis. For gas analysis, 100 ~1 of gas from the vacu
tainer sub-samples were injected with a gas tight syringe (Glenco 
Scientific) into a Hewlett Packard 5992 gas chromatograph mass spect
rometer with selected 10 m monitoring for NzO and N2 analysis. A 
Hewlett Packard 5830 gas chromatograph and a dual flame ionization 
detector will be used for C2H2 and C2H4 analysis. Separation of gases 
will be achieved on a stainless steel column (6 m x 0.3 em) packed 
with 50/80 mesh Poropak Q {Waters Associates, Inc.). Operation will 
be at 90 C with a carrier gas flow of 35 ml He/min. Integrated area 
response units were converted to ~1 units by comparison with the area 
response of known concentrations of standard gases. 

Recovery and Analysis of Oil from Situ Studies 

Residual oil will be recovered from ice cores and sediment by 
solvent extraction. Extraction will be sequential with aliquots of 
hexane, benzene and methylene chloride. Use of 3 solvents of increas
ing polarity will insure recovery of a very high percentage of the 
residual petroleum hydrocarbons including polynuclear aromatic com
pounds. Separatory funnels will be used for recovery of oil from ice. 
For recovery of oil from sediment solvent and oiled sediment will be 
mixed for 6 hours in a flask on a rotary shaker at 200 RPM. The solvent 
will then be decanted. Two-three aliquots with each solvent will be 
used. For separation of methylene chloride from sediment, filtration 
through Whatman No. 2 filter paper with solvent washing will be used. 
The solvent extracts will be concentrated with a rotary evaporation. 
The extracts will not be allowed to come to dryness to prevent loss 
of. volatile compounds that may have remained "adsorped" in the sedi
ment. 

Extracted hydrocarbons will be quantitated and identified using 
gas chromatography and mass spectrometry. Gas chromatography wi 11 be 
performed with a Hewlett Packard model 5830 reporting gas chromato
graph with flame ionization detector. Thirty meter glass capillary 
columns coated with SP2100 (Supelco) will be used for compound separa
tion. A temperature program from 80 to 300 C at 4 C/min will be used 
to achieve separation. The same conditions will be used for GC-MS 
analyses using a Hewlett Packard model 5992 gas chromatograph-mass 
spectrometer. The peakfinder program will be used for identification 
of specific compounds. Both internal compound libraries and libraries 
at the National Institute of Health, linked through a dataphone, will 
be used for compound identification. Selected ion monitoring will be 
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used for estimation of proportions of classes of compounds in the 
residual oil mixture. 
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Data Ty;n~ 
(i.e. Intertidal, 
oe~t~ic Organi9=s, 
etc.) 

Hedia. 
(Cards, cod
ing sheets, 
tapes, disks) 

Disks at NIH 

Densities of 
Microbial populations II 

Characterization 
of microbia 1 
isolates 

IX. DIGITAL DATA PRODUCTS SCHEDULE 

Estimated 
Volume 
(Volume of 
processed data) 

1000 tracks 

OCSEAP 
Format 
(If kno~'!l) 

special 

Collection 
. Period Suboission 

Processing <md 
Formntirtg done 
by Prejec.t 
(Yes or No) (Month/Year to Honth/Year) (!-!onth/Ye:J.r) 

Yes 

(Oct. 1 - Dec. 31/78 
(Jan. 1 - Ma~. 31/78 
(Apr. 1 - June 30/78 
(July 1 - Sept. 30/78 

Jan. 31/78 
Apr. 30/78 
July 30/78 
Oct. 30/78 



Products -

Narratives of methods and results, including tables, densities and 
geographic location of microorganisms. Tables of rates of hydro
carbon biodegradation. Table of chemical composition of petroleum 
residues under ice and in sediment and any new products that accumu
late. Cluster analysis of microorganisms in the Beaufort Sea samples. 
To be included in quarterly reports and in reports in the scientific 
literature. 

·Digital data: Population counts and distributions (Disc. storage 
at NIH}. 

Visual data: Maps of seasonal distribution of microorganisms. Graphs 
of composition, biodegradation rates, etc. 

X. Quality Assurance Plans 

Instruments used in the analysis of petroleum residues will be 
routinely checked with internal standards. Statistical analyses of. 
variance will be used on replicate samples to determine the level of 
significance of results. Numerous computer checks are built into 
the NIH data storage and analysis system to assure accurate entry of 
the data. Within the numerical taxonomic procedures used in charac
terizing microorganisms several organisms are routinely retested to 
determine reproducibility. In the past these tests have shown a 
maxima~ rate of error or variability of 3%. 

It should be pointed out that no attempt is being made in the 
project to gather adequate data on seasonal variability. This would 
require 4 samplings per year rather than 1 or 2 within a sampling area. 
This is beyond the scope of of annual funding of this project. 

This project is willing to participate in a GC-MS intercollabora
tiqn experiment using oiled sediment supplied by OCSEAP. It should be 
pointed out though that GC-MS analyses that are part of the project 
are aimed at identifying residual hydrocarbons from experimentally 
contaminated ice and sediment rather than trace background amounts 
of hydrocarbons as are some of the OCSEAP sponsored chemical projects. 

XI. Sample Archival 

Any necessary archival of isolated microbial strains will be 
made by deposition with the American Type Culture Collection, Rock
ville, MD. 
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XI I. J..OGISTICS REQU1REHENTS - BEAUFORT SEA 

Please fill in all spaces or indicate not applicobic (N/A). Use additional 
sheets as necessary. Budget line items concerning locistics should be keyed 
to the relevant it-em described.on these forms. 

INSTITUTION University of louis vi 11 e PRINCIPAL INVESTIGATOR Ronald Atlas 

A. SHIP SUPPORT· 

1. Delineate proposed tracks and/or sampling grids, by leg, on a cha.rt of the area. 
Include a list of proposed station geographic positions. 

Plover Pt. fqr in situ oil exposure experiments. 

2. Describe types of observations to be made on tracks. and/or at each grid station. 
Include a description of shipboard sampling operations. Be as specific and com
prehensive as possible. 

Diving to recover sediment trays. 

3. Hhat is the optimum time chronology of observations on a leg and seasonal basis 
and ,.;hat is the maximum allmJable departure from these optimum times? (Key to 
chart prepared under Item 1 ••hen necessary for clarification.) 

Jan., May, August. 

4. How many sea days are required for each leg? (Assu~e vessel cruising speed of 
14 knots for NOAA vessels. Do not include running time from port to beginning 
point and from end point to port and do not include a weather factor.) 

5. Do you consider your investigation to be the principal ·.me for the operation thus 
requiring other activities to piggyback or could you piggyback? 

Approximately hat• many vessel hours per day \Jill be required for your. observations 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample p~ocessing time between ~tntions. 

I 

lab 
6. \~hat equipment and personnel '"ould you expect the-~ to P.rovide? 

Line tenders, hole through ice, diving hut, heater, generator, 
wet belts, scuba tanks, diving lights, Si.pre corer. 

7. Hhat is the approximate \veight and volume of equipr.tent you \dll bring? 

8. Will jour d~ta or equiprnen~ require special hnndling? 
d;~scrihe. 
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) . H:ill.you require nny gases and/or chemicals? If yes, they should be on 
board the ship prior to depnrture from Seattle or time allowed for nhipruent by 
barge • 

. 0. Do you have a ship preference, either NOAA or ·non-NO,\t\? If "yes", please name the 
vessel and give the reason for HO specifying. 

l. If you recommend the use of a non-NOAA vessel, '\./hat is the pC!r sea day charter. 
cost and have you verified its'availability? 

NA 

2. How many people must you have on board for each leg? Include a list of partici
pants, specifically identifying any ,.,ho are foreign nationals. 

2 - to be named 
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XII. LOGISTICS REQUIREMENTS - COOK INLET 

PlcnsG fill in nll opaccs or indicate not applicable (N/A). Use additional 
slteetu as necessary. Budget line items concerning logistics should be keyed 
to the relevant item described on these forms.~ 

INSTITUTION University of Louisville PRINCIPAl. INVgSTIGATOR Ronald Atlas 

A. SIIIP SUPPORT 

1. Delineate proposed tracka and/or sampling grids, by lee, on a chart of the area. 
Include a list of proposed station geographic positions. Sampling grid in Cook Inlet 

used on previous operations. Also samples along transect from Kodiak through Unimak Pass to 
~ol Bay. 

2. Describe types of observations to be made on tracl:s and/or at each !~rid station. 
Include a description of shipboard sampling oper<Jtions. Be as spEcific and com
prehensive as possible. For shipboard samplint, water and sediment will be collected 

with Niskin sterile water and bottom grab or box core sampler. 

J. m1at is the optimum time chronology of observations on a leg end seasonal basis 
and what is the maximum allowable departure from these optirnu~ tices? (Key to 
chart prepared under Item 1 when necessary for clarification.) 

2 week duration cruise - December, 1978. 

4. How many sea days are required for each leg? (Assu~e vessel cruising speed of 
14 knots for NOAA. vessels. Do not include running time from port to ber;inning 
point and from end point to port and do not include a \vcath~r factor.) 

10-14 

5. Do you consider your investigation to be the principal one for tlae operation thus 
requiring other activities to piggyback or could you piggyback? 

Can coordinate. 
Approximately hm• many vessel hours per day Hill be required for your observations 
and must these hours be during daylight? Include an estimate of ~ampllng-timc on 
station and sample processing time between stuLions. 

. I 
I 

1 hr 1 station, longer periods for collecting beach samples. 

6. 1~hat equipment and personnel \-I'Ould you expect the· ship to provide? 

Bottom grab and winch. STD casts. Positional data. 

7. \/hat is the approximate Height and volume of equip::1cnt you \Jill brinr;? 

1000 lbs 200 cu ft 

B. Hill your cl:lta ot· equipment n~quirc Hpccial h;tndling? Yes If yes, plc!:<!Jc: 
describe. 

Fragile media requires refrigeration. 
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----·---·-·------ -----------
\-1111 you rcquira nny g;l!;es nml/or clh:mic.als? Y.e.S.-- If yen, they :;ltould Lc on 
board the ship prior to depnrture frorn Seattle or time ·allowed for ~;ldpmc:nt hy 
hnrgc. co2 for dry ice. 

Do you have a t>hip preference, either NOAA or non-NOAA? 
vessel and give the rc.:~.son for E;O specifying. NOAA 

Need wet lab space, incubators and stable platform. 

If: "yes", please n;une the 

Miller Freeman or Discoverer. 

If you recommend the use of a non-NOAA vessel, 1,1hn t is the per sea day ch.::trter. 
cost and have you verified its availability? 

·. How many people must you have on board for each lcg? Include a list of partici
pants, specifically identifying any Hho .are foreign nationals. 

2persons. 
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WGISTICS HEQUTnF.NENTS 

Please ·fill in all spaces or indicate not npplicnblc (N/A). Usc additional 
sheet~ as necessary. Budcet line items concerninc 1ocistics should be keyed 
to the relevant item described on these forms. 

INSTITUTION University of Loui svi 11 e PRINCIPAL INVESTIGATOR Ronald Atlas ------------------·------

A. SHIP SUPl'ORT 

1. Delineate proposed tracks and/or sampling grids, by lcr,, on a ch_art of the area.. 
include a list of proposed station geographic positions. Sampl1ng grid through 

1 seep area to be coordinated with chemical .research groups and project RU 190. 

2. Describe types of observations to be made on tracks and/or at ench erid station. 
Include a description of shipboard sampling operations. Be as specific and·com
prehensive as possible. For shipboard sampling, water and sediment will be collected 

with Niskin sterile water and bottom grab or box core sampler. 

3. What is the optimum time chronology of observations on a lc~ end sca~;onal basis 
and what is the maximum allowable departure from these optimu~ ticas? (Key to 
chart prepared under Item 1 when necessary for clarification.) 

June - July, 1978. 2 week maximal duration of cruise. 

4. How many sea days are required for each leg? (Assuce vessel cruisinc speed of 
14 knots for NOAA vessels. Do not include running tirne from port to ber:inning 
point and from end point to port and do not include a \.;eather factor.) 

l0-14 

5. D~ you consider your investigation to be the princip~l one for the operation thus 
requiring other activities to piggyback or cOllld you piggyback? 

Can coordinate. 
Approximately how many vessel hours per day will Lc required for your observations 
and ~ust these hours be during daylight? Include an estimate of sampling-time on 
station and spmple processing time between stations. l hr 1 station, longer 

periods for collecting beach sample~. 
I 

I 

6. \vhat equipment and personnel tvould you expect the· ship to provide? Bottom grab 
and winch. STD casts. Positional data. 

7. Hhat is the appro:dmat:e t•cight ond volUine of equip~.1ent you t•ill brinr,? 
1000 lbs 200 cu ft 

S, \Hll your data or equipment require spccinl. l1;11Jdl illf,? Yes If yes, plensc· 

fragile media requires refrigeration. 
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\HlL you i·cquirc any gam:[; and/or clt(~mic;tls? YP<::.. If yen, t.laey !ilnmld ue on 
board the sh:ip prior to departure from Seattle or time 'allowed for t;ltiprucnt hy 

lmrgc. co2 for dry ice. 

J>o you have a sh:i.p preference, either NOAA or non-HOAA? 
vessel and give the reason for fiO specifying. NOAA 

Need wet lab space, incubators and stable platform. 

If "yes", plc,'lsc n:1.me the 
Miller Freeman or Discoverer 

If you recommend the us~ of a non-HOAA vessel, 1.-1hnt is the per sea clay charter. 
cost and have you verified its availability? 

NA 

How many people must you have on board for each leg? Include n list CJ[ partici
pants, specifically identifying any \·lho are forc:i.gn nationals. 

3 persons 
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XIII. Anticipated Problems 

No major problems are anticipated. A major problem would occur 
if ice or a ship bottomed within the Beaufort Sea oil in sediment 
experimental area. Should this occur the experiment would be re
established as quickly as possible. Some problems have been encountered 
in ship schedulin~ and coordination of sampling dates and locations 
with other research projects. These problems usually occur when NOAA 
staff members have deemed it desirable to extend sampling beyond the 
capabilities of personnel and funding of this project. Only 2 sampling 
cruises are scheduled in this project. The ideal duration of each 
cruise is 14 days. It is projected that 50 samples from each cruise 
will be analysed. Additional cruises and/or samples to be analysed 
would require additional funding. Also funds are not included in this 
project nor time allocated for meetings with NOAA staff to review the 
accomplishments of this project beyond those specified in Item XVII. 
During the past year extensive syntheses and review meetings removed 
the Principal Investigator from the laboratory for more than 1 month. 

XIV. Information Required from Other Investigators 

The work in this project will be closely coordinated cruise 
samples shared with Dr. Morita's project RU 190. Nutrient analyses 
including inorganic N, organic N, and organic C will have to be 
supplied through Dr. Morita's project, or other NOAA OCSEAP supported 
source. Salinity, temperature and accurate positional data will be 
required from vessel personnel on each cruise. Sampling stations in Nor
ton Sound will have to be coordinated with chemical research projects. 
It is anticipated that Dr. Calder, OCSEAP Boulder will coordinate this 
effort. Data analyses will have to be provided through separate inter
agency agreement with NIH. 

: 
I 

I 
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XVI. Outlook 

A major objective of this project is to determine the long term 
fate of oil under ice and in sediment. It will be necessary to con
tinue the work in Elson Lagoon for several years to accurately deter
mine toe long term fate. It will be important to extend the oil bio
degradation in sediment experiments to additional geographic locations 
and to a larger scale. The .small oil contaminated sediment in Plexiglas 
tray experiments should be established at other locations in the Beau
fort Sea and Cook Inlet to determine the importance of geographic 
variability in determining the fate of contaminating petroleum. Addi
tional sites should be selected within areas that have a high probability 
of oil development. The site in Elson Lagoon was chosen in part because 
of the ability of NARL to support winter and summer diving operations. 
Additional sites could include Prudhoe Bay and the east and west lease boundaries 
in the Beaufort Sea, Kachemak Bay in Cook Inlet, and Chiniak Bay near 
Kodiak Island. It is likely that diving at these sites in the Beaufort 
Sea would be restricted to summer because of the difficulties inherent 

. in supporting winter diving .. Locations of experimental sites would have 
to be carefully marked and may·require purchase or rental of sonic 
location devices. 

. It has also been noted by OCSEAP for several years that a large 
scale integrated oil spill experiment should be conducted. It is 
probably necessary to conduct two spills one in the Beaufort Sea and 
one in the Gulf of Alaska. Such a spill would be used by continuation 
of the project to examine the biodegradation of the oil, the factors 
influencing rates of biodegradation, the changes in density.and diversity 
of the microbial community in response to the oil and the changes in 
essential microbial carbon and nitrogen cycling activities caused by 
the· oil. Such a study also could be conducted following an actual 
accidental spillage assuming that background information on a suitable 
reference area could be obtained and.that research could be initiated 
irrrnediately after the spillage occurred. 

There also has been recent recognition of the importance of· 
microorganisms in the food web. Some studies have 

been initiated on the importance of detrital biomass in an area of 
the Beaufort Sea (LGL study) and others are planned for FY 1979 by 
project RU 190. Undoubtedly these projects will require more than 
one year. One aspect concerning the role of microorganisms in the 
food web that is not being addressed in these studies is the ability 
of microorganisms to sequester hydrocarbons and pass these into the 
food web. Our laboratory has the analytical capability and could 
in association with these projects begin to investigate the movement 
of hydrocarbons into the food web during FY 80. 

There will remain a large geographic gap in our knowledge of 
the seasonal distribution of microorganisms and microbial activities in 
Alaskan OCS areas, i.e., the Bering Sea. Should future OCS lease 
interest focus on Bristol Bay or other Bering Sea areas then studies 
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should be initiated 'to enumerate microbial populations, e.g., hydro
carbon utilizers and microbial activities, e.g., hydrocarbon bio
degradation potentials. Microbial activities along the ice edge 
would be particularly important to determine as spilled oil could 
accumulate along an ice edge. Studies proposed for FY 79 should form 
the basis for further efforts in the Bering Sea. 

Within the Beaufort Sea further seasonal data on microbial 
populations and activities should be gathered during the spring 
under ice algal bloom. The effects of oil on this algal bloom and 
associated microbial decomposition processes should be determined. 
Data gathered on microorganisms in the Beaufort Sea suggests that 
ice conditions are extremely important. Formation of ice may exclude 
microorganisms from the water column and concentrate microbial biomass 
in the sediment. This possible process and the effects of oil on it 
should be investigated as it may, represent a very important controlling 
factor for productivity of higher organisms in this area. 

In· addition to these field oriented studies laboratory 11 effects 11 

studies are needed. Adequecy of funding has not permitted such studies 
on microorganisms in the OCSEAP program. Effects studies should include 
an examination of how oil alters rates of carbon and nitrogen cycling. 
This should include decompositional processes involved in turnover of 
animal and plant polymer, nitrogen fixation and denitrification. Effects 
studies should also examine how oil alters survival of dominant groups 
of microorganisms such as the or~nge pigmented bacteria that have been 
found to repeatedly dominate the microbial community in surface water of 
the Beaufort Sea during summer .. 

·with respect to levels of funding needed to continue or commence 
these efforts between 150 and 200 K should be allocated annually for continua
tion of this project during FY 80 and FY 8~ as part of OCSEAP or sub-
sequent programs. Each year there have been major cutbacks or attempts 
to completely eliminate microbiological research from the OCSEAP. Program 
reviews have repeatedly indicated the relevance and importance of 
microbiological research in the OCSEAP program. As a result of in-
adequecy of funding in previous ·years the microbiological research has 
had to try to catch up to where it should have been. This has meant 
that most personnel have been involved jn extensive field work and 
data ana·lysis and interpretation have ltagged behind. Only with ade-
quate funding can past data be interpreted so that it is of maximal 
usefulness for OCSEAP and BLM and the needed future data outlined 
above be gathered and synthesized. Hopefully for FY 80 appropriate 
microbiological research projects will be integrated into OCSEAP 
planning and will not be omitted or severely underfunded. 

XVII. 1. Updated Activity/Milestone/Data Management Charts will be sub
mitted quarterly. 

2. Quarterly reports will be submitted in sufficient time during 
the contract year to be in OCSEAP hands by the first day of 
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3. At the option of the Project Office the P. I. will be prepared 
to travel to the Project· Office at least twice during the contract 
year to review project status and progress. Such reviews will be 

· scheduled on dates mutually satisfactory to both parties. It is 
understood that costs of the travel and per diem for these trips 
will be borne by the·Project Office. Additional travel for OCSEAP 
re~iew and synthesis efforts will be at the option of the prin
cipal investigator and is not required under the terms of this 
contract. 

4. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation form {NOAA 24-13) through NIH 
under interagency agreement. 

5. ·Data will be submitted within 120 days of the completion of a 
cruise or 3 month data collection period, unless a written waiver 
has been received from the Project Office. 

6. Within 10 days of the completion of a cruise or data gathering 
effort, a ROSCOPdata collection inventory form (NOAA 24-23) will 

·be submitted to the Project Data Manag~r. Sufficient ROSCOP forms 
will be forwarded to the principal investigator with instructions. 

7. Title for all property purchased with OCSEAP funds remains with 
the U. s. Government pending disposition at contract termination. 

8. Three (3) copfes Of all publication or presentation manuscripts 
pertaining to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release .. The release of such 
material within a period of less ~han sixty (60) days shall be 
made only with prior written consent of the Project Office. News 
releases will first be cleared with t~e appropriate Project Office. 

9. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The follow
ing standard acknowledgement is acceptable. · 

"This study was supported by t.he Bureau of Land Manage
ment through interagency agreement with .the National 
Oceanic and Atmospheric Administration, under which a 
multi-year program responding·to needs of petroleum 
development of the Alaskan continental shelf is managed 
by the Outer Continental Shelf Environmental Assessment 
Program (OCSEAP} Office. 11 

145 



0 - Planned Co~:'llction D.:tc . 

X - Actual Co~plction D~~~ 

29 PI: Rona 1 ,, 1\ t 1 as 

:~~jc: ~Jl~~ccn~~= Reportinc, dat3 man~eemcnt and other significnnt 
ccn:=a~t~.al raGuirc=onts; periods of f!cld work; workshQps; etc. 

I 
I 

XV 

-- I 
D 

., 
--I 

I 



COLLEGE 0!: ARTS AND SCLE:\CES 
DEPARTM!-:NT OF IHOLOGY 

Or. Herbert E. Bruce 

UNlVERSlTY OF LOUISVILLE 

LOUISVILLE~ KENTUCKY 40208 

Septembet· 25, 1978 

Bering Sea-Gulf of Alaska Project Hanayer 
U. s. Department of Commerce 
NOAA 
Environmental Research Laboratories 
Bering Sea-Gulf of Alaska Project Office 
P. 0. Box 1808 · 
Juneau. Alaska 99802 

Dear Dr. Bruce: 

Please find enclosed rev1s1ons to the proposal to research unit 
29 for FY 79 that you requested. 

Sectfons V-VIII, Xl}Cook Inlet, XV, and XVII of the original 
proposal should be replaced \·lith the enclosed sections. 1\~state_; 
ment concerning ou1· \·li11ingness to supply mylar overlays was 
included in the original proposal. 

I trust that the .revisions meet your requirements and that a formal 
contract can be issued shortly. 

RI•IA/jl 

enclosures 

cc: Lois Ki lle\'Jiclnl 
Gunter· \·le 11 et· 
Doug Holfe 
John Calder 

/ 

Sincerely~ 

~a~ 
Ronald 1-1. Atlas 
Associate Professor 
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' .. .. 
Dr. Harbert Garfir.kel 
Vice President f:or 
Academic Affairs 
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V. Objectives 

Beaufm·t Sea 

VI. 

Objectives in the Beaufort Sea \-Jill be: 

a. to enhanc~ knowledge of the geographical distribution of 
bacteria east of Prudhoe Bay through analyses of \'later and sediment 
samples collected in FY 78 for the potential of the microbial popu
lation for degrading hydrocarbons; 

b. to determine the 1 on g-range effects .1l1'1 microbes of the re 1 ease 
of oil into bottom sediments through rupture of a buried pipeline. This 
is a continuation of an experiment already in progress in the Beaufort 
Sea, in \'lhich plexiglas trays containing oil overlain \'lith sediment 
collected at the·experimental site are maintained in Elson Lagoon. The 
trays are sampled periodically for determination of the numbers of total 
and viable bacteria, denitrification rates, and hydrocarbon biodegrada
·tion potential. ·Chemical analyses are performed to monitor changes in 
the composition of the oil and its breakdm·m products over time. 

Norton Sound 

Objectives in Norton Sound will be to determine if the presence of 
a natm'al oil seep has altered the relative abundance of microbes and 
in particular of hydrocarbon-utilizing bacteria. Comparisons \·iil1 be 
made of numbers of total and viable bucteria, numer-ical taxonomy, deni
trifica::ion rates, and hydrocarbon biodegradution potentials in ~'later 
and sediment samples collected inside and outside the seep\"'area. This 
study \'lnl be cootdinated \·tith RU 190 and with chemistr~y research units) 
152, 153, 275, 480, and P 902. · 

l'pper Cook Inlet 

. Objectives in Upper Cook Inlet \'till be to enlarge the knm1ledge of 
the effects of oil platforms on the bacterial population by·measuring 
total and viable bacteria, numerical taxonomy, denitrification rates, 
and hydrocarbon biodegradation potential in v1at~r and sediment samples 
collected adjacent to the existing, platforms. This study will be p~r
formed in connection \'lith RU 190 a'nd .\·tith the chemist,~y t·esearch units 
152, 153, 275, and 480. 1 

General Strategy and Approach 

During FY 1978 a study \</as initiated to examine the long tel~m 
fate of oil in Beaufort Sea sediment. Oil-contaminated Beaufort Sea 
sedim2nt \'ras placed in plexiglas trays. Dut·ing FY 79 ~--=plicate trays 
\·lill be recovel·ed during \·tinter and sum:IIE!r. Nicr·obial populations in 
the oil contaminated and adjacent uncontamin~ted sediment will be 
enumerated ":o determine if extended exposure to oi1 alters popu1ation 
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levels of microot·ganisms. Enumeration Of r.iicrobial populations \'lil J 
include total'microorganisrns by direct count, viable hetet·otrophs by 
plate count, and hydrocarbon utilizers by Nost P1·obable Number pro
cedures. Nitrogen fixation and denitrification activities of the 
indigenous microorganisms \'li11 be measured to determine if prolonged 
exposure to crude oil alters rates of. nitrogen flux into and from 
Beaufort Sea sediment. Sediment collected fro:n the trays \'ti 11 be 
suppliecf to project RU 190 for determination of other microbial 
activitie·s~. Project RU 190 \•till also determine nutl'ient levels 
in the sediment.· 

Residual oil in the sediment \·till be recovered by solvent extrac
tion. Residual oil \"'ill be analysed for chemical chiinges resulting 
from abiotic \'teathedng and biodegradation. Estimates \'till be made· 
for persistence of pett·oleum hydrocarbons in Beaufort Sea sediments. 

f1fcroorganisms \'lill be enumerated from samples collected during 
an icebreaker cruise in the Beaufort Sea during September 1978. Th~ 
cruise is planned to collect samples from the Canadian border to Pt. 
Barro\'1 at the 10 fathom line. Intensive sampling \'lill occur. \'lithin 
an at·ea of up'l'telling near Barter Island and within the proposed 1979 
OCS lease area. Hicroorganisms \'/ill be isolated at random from en
umeration· plates. Numerical taxonomic procedures \'/ill be used tQ 
characterize mict·obial populations in surface water and sediment. 
The distribution of dominant taxa and the diver·sities of the mic1·o
bi a 1 communities \·d 11 be determined. 

A cruise will be conducted during spring in Upper Cook Inlet. 
The cruise should collect samples near oil platforms and in"areas 
not subject to contamination from oi.l production activities. Samples 
\'/ill be collected in coordination with other designated microbiological 
and chemica 1 research units. Hi croorgan isms \·li 11 be enumerated from 
samples collected on this cruise. Total microorganisms, viable hetero
trophic microorganisms and hyd1·ocarbon utilizing microorganisms \·Jill be 
enumerated. Hydrocarbon biodegradation potentials \·till be determined 
for paraffinic and aromatic petroleum hydrocarbons. Rates of denitri
fication potentials will be determined for sediment samples .. Approxi
mately 400 microorganisms {20/sample) \'till be isolated for taxonomic 
testing. Due to the proposed late spring sampling date extensive · 
numerical taxonomic testing of isolated organisms will not be completed 
for these samples during FY 79. 

A ct·uise \·li 11 be conducted duting summer in Horton Sound in co
ordination with chemical data acquisition p1·ojects. The cruise \'till 
traverse a submarine oil seepage. Densities of microbial populations 
\'lill be determined in the _seep area and i.n uncontaminated areas of the 
Sound. The objective of the cruise will be to detem1ine if the oil seepage 
f1as altet·ed microbial populat~ons cmd activities. Since no micr·obiological 
studies ha'/e been perforu:~d in Norton Sound a second objective l'lill be to 
gain pl·e1iminary infor:aation on the natLwa1 abundance and activities of 
microo1·g~:;nisms there. Enumer-ation pt·ocedures \·till include direct counts 
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for total microorganisms, plate counts for viable heterotrophs, and 
t·1ost Probable Number determinations for hydrocarbon utilizers. Rate 
of hydrocarbon biodegradation potentials for para-Ffinic arid aromatic 
hydrocarbons \'lill be determined. Rates. of denitrification potentials 
\'lill be determined for sediment samples. Numerical taxonomic pro
cedures will be employed to determine taxonomic distribution and 
diversity of the microbial communities. Due to the proposed summer 
sampling date numeri ca 1 taxonomic testing \·till not be per·formed dur1 ng 
FY 79. Approximately 400 organisms \·ti 11 I.Je i~olated for ta~onomic 
testing during FY 80. 

VII. Sampling Hethods 

In the Beaufort Sea sediment and water samples will ·be collected 
at approximately 24 stations during September 1978. Analyses using 
these samples will be accomplished during FY 1979. 

Scuba divers \¥"i11 recover replicate trays containing oiled sedi
ment during \'linter and summer. 

Surface water and sediment samples will be collected during a 
spring cruise in Upper Cook Inlet and a summer cruise in Norton 
Sound. 

Approximately 25 water and 25 sedime.nt samples Nill be collected 
during each cruise. The exact sampling locations will be detennined 
in collaboration \·iith othet~ microbiological and chemkal projects> so 
that common stations will be used. l~atet samples \"till be :eollected 
with a Niskin sterile \'later sampler. Sediment samples \"Jill be collected 
with box corer or a VanVeen grab sampler depending t.ipon availability. 

VIII. Analytical ~lethods 

Enumeration of Nicroorganisms 

Enumerations of bacterial populations \·till be performed using 
both direct count and viable plate cdunt procedures. For direct 
counts, samples \'lill be preserved 'lti1th formaldehyde, one part formal
dehyde:one part sample. Samples \'lill be filtered through 0.2 1•m 
cellulose nitrate black filters and stained with acridine orange 
according to the procedure of Daley and Hobbie {1975). Samples \·lill 
be vi e\'led with an Olympus ep i fluorescence microscope with a BG.:.12 
exciter filter and 0-530 batrier filter. Ten fields per filter 
and b10 filters per sample will be .vie\·ted and the counts averaged. 

Fm· viable plate counts, surface sprrad inoculations from serial 
dilutions \·till be used. For some \·tater s.~:::plt~S concentration by 
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filtt~ation through 0.45 flm filters· (r1illipot·e Corp.) vlill also be 
us~d. Marine agar 2216E (Difco) will be used to enumerate viable 
heterotr9phic microor·ganisms. P:plicate plates \·li11 be incubated 
aerobically at 4 and 20 C to enumerate psychl·ophilic-psychrotrophic 
and mesophilic populations respectively. 

Nost Probable Number estimates of hydrocarbon utilizers !tli 11 
be perfonned. Dilutions of samples '>'li11 b~ added to 30 ml stoppered 
serum vials containing 5 ml autoclaved Bushnell Haas·broth (Difco) 
with 3% added NaCl, and 50 \.11 filter sterilized (0.2 J.!ffi Nillipore 
filter) Cook Inlet crude oil spiked \'lith l- 14 C!!. hexadecane (s.p. 
act. = 0.9 ~Ci/ml oil). Sterility of the o~l~will be checked by 
plating portions of the oil onto marine agar 2216 (Oifco) and ob
serving fo~ colony ·fonnation and by measuring 1"co2 production from 
uninoculated vials. Poisoned controls 'tlill be prepared by adding 
0.2 ml concentrated hydrochloric acid to the vials. A 3 tube MPN 
procedure \'/ill be used. ·Following incubation at 5 C for 4 't/eeks 
the solutions will be rendered alkaline Nith concentrated. KOH to 
stop ·microbial activity. Solutions will then be acidified \'lith con
centrated HCl and the 14C0? will be recovered by purging the vials 
ttith air and tra;Jpi ng the r~co2 in 1 ml hyami ne hydroxide i ri perco
lation tubes, 0.5 em x 10 em, containing glass beads (Atlas and 
Hubbard, 1974}. The hyamine hydroxide t-till be \·lashed ft~om the tubes 
into scintillation vials with 3 one nD portions of methanol. The 
counting solution \-Jill be 10 ml Omnifluor +toluene (Ne\'I.England 
Nuclear}. Counting \·lill .be \'lith a Beckman liquid sc-intillation 
counter. Counts greater than or equal to 2 times control Nill be 
considered as positive; counts less than 2 times control \·lill be 
considered as negative. The most pt·obable numbet· of hydrocarbon 
degrading microorganisms \'till be determined from the approprfate 
r1PN Tables (APHJ\, 1971) and recorded as most pt·obab·le number per 
ml for \'tater samples or most probable number· per g dry wt. fo1· sedi
ment samples. 

Numeric~l Taxonomic Testing 

Aj:proximately 300 phenotypic characteristics \'lill be determined 
fat• bacterial strains selected at random from enumeration plates. 
Characterization will include morphological, physiological, biochemical, 
nutritional and antibiotic sensitivity testing. 

Cultures (1-4 d depending on growth rate). from ~larine agar 
slants overlain \·lith 1 ml Rila, marine salts solution, \·li11 be examined 
fat· cell shape, size and motility (\·let mounts); gram reaction (Hucker 
modification)> and acid fastness (Ziehl-N2e1sen method) (Society of 
American Bacteriologists) 1957). Cultures (10 d) on Narine agar will 
be examined_fOl' colony morphology and size, and production of diffusib·le 

.and non-diffusible pigments. flum·escent pigment formation on Hatine 
agar+ 0.15% v:/v glycerol \·till be assessed ~vith UIJ light of \'tavelength 
260 nm. Gro~1th on replic.:!te Narine agar plates Nill be tested at 5, 
10, 15, 20, 25, 37 and 43 C, and at initial ·pH 3, 4, 5, 6, 7, 8, 9 and 
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10 (adjusted \·:ith HCl or NaOH). Salt tolerance and r·equirement 
\'lill be tested in the following medium \·:ithout NaCl and \'lith 3, 
5, 7.5, 10 and 15% {all ltt/v) }l.!·:; added: Bacto-tryptone, 0.5~~; 
Bacto-yeast extract, 0.1%; FeCl3.6HzO, 0.01%; NH4N03, 0.00016%; 
Na2HP04 , 0.0008~; Bacto Agar) 1.5% (all 'il/v}; pH 8.0. Oxygen 
relations will be determined from stab cultures in t·larine agar 
butts. 

Cultures (10 d) on Narine agar will be tested for catalas.e 
{with 3% H202) and cytochrome oxidase production (Gaby & Hadley 
method, allowing one minute for the blue· color to develop; Skennan., 
1969) Methyl red tests ·{society of· American Bacteriologists, 1957) 
will be done in r-tR-VP broth (Difco) prepared ~'lith full strength Rila 
marine salts. solution. Alkalinephosphatase detection ~aker& Kuper$ 
1951} will be done on cultures (10 d) grown in a medium containing 
Bacto tryptone, 0.5%; Bacto yeast extract, O. l%; NH4N03, 0.00016%; 
FeCl3.6H20, 0.0005%; phenolphthalein diphosphate, 0.001% .(all ~tl/v) 
in 3/4 strength Rila marine salts so1ution.at pH 7.2. Arginine, 
ornithine and lysine decarboxylase will be <;letected by the Falko~t/ 
method (Skerman, 1969), modified by replacing distilled water with 
Rila marine salts· solution. These tests measure alkaline end
products and do not di~tinguish between arginine decarboxylase and 
arginine dihydrolase. · 

Nitrate and nitrite reduction \'Jill be tested in nitrate broth 
(Difco) \'lith full st'rength Rila mar.ine mix. Nitrite will be detected vrith 
naphthylamine-sulphanUic acid reagent and residual nitrate ~>lith zinc 
dust (Skerman, 1969). 

Acid production from 0-ribose, D-fructose, 0-cellobiose, lactose, 
sucrose and 0-mannitol (all 1%-vr/v) will be detected in MOF medium 
( Di fco}. OF tests \'li 1l be done in f40F medium containing 1% { \·t/v) 
D-glucose (Hugh & leifson, 1953). 

Agar hydrolysis 1r1ill be tested on Marine agar. Sunken colonies 
and depressions around colonies will be scored as positive. Lipase 
activity will be tested in f4arine agar containing 0.01% ·(w/v) CaCl2 
and 1% (w/v) T\·Jeen 20 or T\'leen 80 (Sierra, 1957). ·Starch hydrolysis 
will be tested by flooding plate cu1~ures {7 d) on f4arine agar + 0.5% 
{\·1/v) potato starch \'lith lugol 1 s iodj'ne. Gelatine hydrolysis v.rill be 
tested by flooding cultures (7 to 10 d) on Marine agar + 10% (w/v) 
with acid HgC12 (Skerman, 1969). Casein hydrolysis vli"ll be tested 
on Narine agar overlaid \'lith a double layer of 10% 1'1/V skim milk 
agar. For the last three tests, clear zones around colonies will 
be recorded as positive. 

AntibiQtic sensitivity will be tested by spreading suspensions on· 
t-!arine agar plates and·applying BBL (Cockeyville, t1D) antibiotic discs 
(ampicillin, 2 !J9; colistin, 10 ug; erythromycin, 15 ll9i kanamycin, 5 
ug; kanamycin, 30 J.!9; neomycin, 30 JJ9; nitrofurantoin, 300 ~g; novo
biocin, 5 iJg; oxytetracycline, 5 t.t9; penicilli!l G, 2 ~nits, polymyxin 
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8, 300 units; strepor.Jycin, 2 ~.g; tetra~yclin, 5 ~g). Zones of 
inhibition will be measured ,C!r.d sensitivity determined against 
standa~·d inh'ibition zones (BBL) • 

. The follo~'ling medium (Basal medium B) wi i'l be ·used for sub-
strate utilization testing: Portion 1; KHzP04• 0.1 g; Tr.izma base, 
6.0 g; NH4N03, 1.0 g; FeClJ.6HzO, 0.005 g; Rila marine salts solu- . 
tion ~ 500 ml; pH adjusted \·lith HCl to 8.0. Portion 2; Purified agar 
(Difco)":.- 1.0 g; distilled HzO. 500 ml ... Portion 3; thit!mine, sodium 
pantothenate, riboflavin~ nicotinic acid, choline, pyridoxamine, 
cyanocobalamine, {all 1 J.£9).; folic; aeid; sodium p-aminobenzoate, 
biotin {all 0.05 J.lg); distilled H20, 2 ml. Portions 1 and 2 will be 
autoclaved separately. Portion 3 will be·filter sterilized. The 3 
portions ~tlill be.mixed at 55 C. Substrates wi.ll he sterilized by· 
autoclaving or by filtration (Stanier, eta~, 1966) except for hydro~ 
carbons ~tthich will be sterilized ultrasonically. Substrates· 'tlill be· 
mixed with the basal media just before pouring to yield final concen
trations of 0.1% w/v except for carbohydrates (0.15% ~tt/v) and phenol 
(0.0125% N/v). A total of 100 substrates \'till be tested. To deter
mine grO~'Ith factor requirements, 2 additional basal media will be used. 
Basal medium A \'lill be. the same as basal medium B except that portfon 
3 (vitamins) \llill be omitted. Basal medium E \'till be the same .as basal 
medium B except that it will be supplemented \'lith Bacto yeast extract, 
50 mg, casamino acids, 50 mg and L-tryptophant 10 mg._ Twelve sub
strates {0-ribose, 0-fructose, 0-glucose, acetatet suGcinate, fumarate~ 
OL-S-hydroxybutyt~ate, OL-1 actate,. pyruvate, :::-ketoglutarate, D-gl uconate. 
glycerol) ~ttere used \·lith each of the 3 basal media (A, B, Eh Growth 
{colo:1y fonnation with density greater than controllackin'g added 
substrate \·lithin 14 days) on any of the substrates on a given basal 
medium \-Jill be ·considered· as ability to gr,m·t on that basal medium. 
Four classes of gro·.-1th factor requirements \'till be Pecogni zed: type 
1, bacterial able to gro~·l on basal me,dia A, Band E (do not require 
gro·t~th factors); type 2, bacteria able to grov1 on basal media B and E 
but not A (requit-e vitamins as growth factors); type 3, bacteria able 
to gro~'l on basal media E but not 'A orB (req!Jire complex grovtth factors 
such as amino acids); type 4, bacteria unable to gro\-1 on basal media A.,. 
B or E (require complex unknown grm·tth factors). 

All substrate utilization tests •.·dll be inoculated ~tlith a multiple. 
syringe inoculator (Kaneko, Holder-Franklin & Franklin, 1977). Positive 
gro'llth will be determined after 14 days incubation by visual reference 
to control plates on the sam~ basal medium •,·iith no added substrate. 

Data \'lill be coded in binary form according to RKC forrrat {Rogosa, 
Krichevsky & Coh;ell, 1971), punched on cards, and verified and proof
read by t\'/o people. Errors also ;-:ill be checked by computer with the. 
CREATE progr-am (Krichevsky, 1977). Test repr·oducibility \·•ill be checked 
by periodically retesting selected strains. The QUERY computer program 
(Krichevsky, 1977) will be used to arrange th~ data suitably for input 
to the numerical taxonomy programs. Similal'itie:; '(/ill be estimated •.·lith 
Jacc!!rd coefficient (SJ) and cluster analyses \·till be done by um·teighted 
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average linkage sorting (Sakal & ~neath, 1963). Clusters of strains 
with similarities greater than 75% will be designated as taxonomic 
groupings (Liston, L·liebe & ,colwell, 1963). The input data will be 
sorted into the same order as strJins in the :luster analysls triangle. 
The feature frequencies of all characi.:eristics \'lill be detem.ined 'itith 
the feature analysis program; FREAK (t-lalczak, Johnson & Krich~vsky, 
1978). Probabalistic identifications will be attempted using the 
program IDDNEW and 3 identification matrices currently being developed 
at the American Type Culture Collection (Johnson, unpublished). 

The number of taxonomic groups·and the number of individuals in 
each gr·oup, determined by the cluster anal.ys.es, \'till be used to cal
culate the Shannon diversity index, ~. The formula 

. c 
H = N(N log10N - tn; logloni) 

will be used, where c = 3.3219, N = total ·numbers of individuals and 
ni = total number of individuals in the jth taxonomic grouping. 

Activity 

Natural Hydrocarbon Biodegradation Potential 

Ten ml of water samples or 10 ml of a 1:100 dilution of sediment 
samples wi 11 be added to 30 ml stoppered s.erum. vials containing 5 ml 
autoclaved Rila marine salts solution and. 50 pl filter sterilized 
crude oil spiked \'lith 14C radiolabelled hydrocarbon. Poison.:d controls 
wi 11 be prepared by adding 0. 2 ml concentrated hydrochloric acid. Cook 
Inlet crude oil will be used for Cook Inlet studies. 1!!'14Cn-hexadecane 
(Amers!~am Corp.}, 1-I~+c pristane (Cal Atomics), 1-14C naphthalene 
(Amersham Corp.} and l- 14c benzanthracene (Amersham Corp.) will be 
used. The compounds all will be 99+% purity analysed hydrocarbons. 
The concentrations \vill be adjusted to 0.9 ~-tCi 14C hydt~ocarbon/ml 
crude oil. After incubation at 5 C for 6 \veeks, the 14C02 produced 
\'li.ll be recoyered and count.ed as described for th.e 14PN enumeration 
procedure. Duplicate determinations will be made for each. Counts 
from the controls will be subtracted from the non-poisoned counts 
and recorded as arbitrary units· (CPN 14C02 produced} of hydrocarbon 
biodegradation potential. Since there were approximately 100,000 CPN 
in the spiked oil, every 1,000 Ufits of 14C02 produced is equivalent 
to 1~ conversion of hydl~ocarbon ~to C02. , 

Non-nutrient limited hydrocarbon biodegradation potentials \'li 11 
be determined in an identical manner to the natural. hydrocarbon bio
degradation potentials, except that 5 ml Bushne 11 Haas broth ,,,;th 3% 
NaCl \1/ill be added to ·each vial to remove inorganic nutrient 1 imita
tions, replacing the Ri'la marine salts solution. 

·Denitr-ification in sediment \'till be examined using the acetylene 
blockage of N20 reduction technique {Balderson, ~tal., 1976; Yoshi-
nari, et al., 1976). Nitrogen fixation will ::,e estimated by the acetylene 
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reduction method (Hardy, et. ai.., 1973). l\ 5 ml portion of a 1:10 
diluted sediment sample \'till be added to a 20 ml g·lass vial contain
ing 5 ml of either H20, 0.05% KN03, 0.01% glucose, 0.05% KNOJ plus 
0.01% glucose, or 0.05~ KN03 plus 0.01% glutamate. Vials \>/ill be 
sealed \'lith rubber serum stoppers and flushed \·lith argon. Vials \'Jill 
be injected with C2H2 generated from CaC2 (Alpha Lux Company} to give 
a final concentration of 0.02 atm. Vials will be incubated in the 
dark at 15 C for one week. Gas samples \·!ill be removed from the sample 
vials \'lith 5 m1 Vacutainer evacuated glass tubes (Becton Dickinson) 
for 1ater·analysis. For gas analysis, 100 ~-tl of gas from the vacu
tainer sub-samples \·:ere ·injected vlith a gas tight syringe (Glenco 
Scientific) into a He\'llett Packard 5992 gas chromatograph mass spect
rometer with selected 10m monitoring for N20 and N2 analysis. A 
Hewlett Packard 5830 gas chromatograph and a dual ·flame ionization 
detector \'lill be used for C2H2 and CzH4 analysis. Sepa·ration of gases 
will be achieved on a stafnless steel column (6 m x 0.3 em) packed 
Nith 50/80 mesh Poropak Q (Waters Associates, Inc.). Operation \'lill 
be at 90 C \·lith a carrier gas flo\'/ of 35 ml He/min. Integrated area 
response units are converted to J.!l units by comparison \'lith the area 
response of knmvn concentrations of standard gases. 

Recoverl and Analysis of Oil from In Situ Studies 

Residual oil \'lill be recovered from sediment by solvent extraction. 
Extraction will be sequential with aliquots of h~xane. benzene and 
methylene chloride. Use of 3 solvents of increasing polarity \·till 
insure recovery of a ve1·y high pert;::en tage of the residual petro 1 eum 
hydrocarbons including polynuclear· aromatic compounds. For 1·ecovery 
of oil, solvent and oiled sediment will be mixed for 6 h6u~s in a 
flask on a rotary shaker at 200 RPI·l. The sol vent wi 11 then be decanted. 
T\·:o-three aliquots \·lith each solvent \vill be used. For sepa1·ation of 
methylene chloride from sediment, filtration th1·ough \olhatman No. 2 
filter paper \·lith solvent \·mshing \·till be used. The solvent extracts 
will be coricentra ted with a rota1·y evaporator. The ext1·acts \·ti 11 not 
be allm·ted to come to dryness to prevent loss of volatile compounds 
that may have remained "adsorped" in the sediment. 

Extracted hydrocarbons \'til1 be quantitated and identified using 
gas chromatography and mass spectrometry. Gas chromatography \·li 11 be 
performed \'lith a Hev1l ett Packard mode 1 5830 repot·t i ng gas cht·omato
graph \·lith flame ionization detector. Thirty meter glass ca1rillary 
colu~ns coated with SP2100 (Supelco} will b~ used for compound separa
tion. A temperature program from 80 to 300 C at 4 C/mi n \Vi 11 be used 
to achieve separation. The same conditions \'till be used for GC-i4S 
analyses using a Hewlett Packard model 5992 gas chromatograph-mass 
spectrometer. The peakfinder program \vill be used for identification 
of specific compounds. A data 1 ink \·.Ji th the tHH-EPA commercial· 
chemical information mass spectral search system will be used for 
comj)ound identification. Alkanes up to moleculat· Heights of at least 
C30 and ai'O:Hatic hydrocarbons i!lcluding 4 l'ing polynuclear aro~atic 
compounds can be separated and i dent Hied \·lith these p1·ocedures. 
Biodegradation products including fatty acids, esters and other 
oxyg,:!nated ccmpounds can also be identified in these analyses. 
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I 

A 1.1, • - W!JK !NLET 

Plea~~ fill in all opacco or indic~to not ~pplicnhic (H/A). Us~ additional 
sheet!> as ncccs!:.:u:y. Budt:ct line item:::; conccrniu~ lot;i.!>t:ics should he }:(!jed 
t:o th~ relevant itCH\ dcscrihcd on these forms. 

n:s:rr.WTION University of Louis.ville PRI:\CIPAI. J~·:VESTIGATOR 
--------------~------

Ronald Atlas 

A. SHIP SUPPORT 

1. Delineate .proposed tracks and/or sampling gri.~s ,. by l~gJ on .a chart of. the .!tr.ca. 
Includ~ a list of proposed station r.cographic: po~1t~ions .. Sampling grid in Upper Cook 

nlet ·to be determined in coordination \'lith othe.r.NOAA cliem1stry prOJects.. . __ _,__.... . ..;.·_ - . ' . ' '. __ ,;...__. --· ... 
2. Describe types of observations to be r.~ade on tracks ancf/or at e~ch grid station. 

Include a description of shipboard sampling operations. Be as sp~cific and com
prehensive as possible. For shipboard samplint, \'tater a_nd sediment \tlill be collec;ted 

with Niskin sterile water and bottom grab or box core sampler. 

3. What is the optimum ti~e chronology of observations on a lee and seaso~al b~sis 
and l.zhat is the- ·maxi:nu::~ allo~.rable departure fro.-:~ these optimuiJ tir::~s? (l~cy to 
chart prepared under !teo 1 when necessary for Clarification ... ) 

2 \·leek duration cruise - t·lay, 1979. 

'•· Hml many sea days are required for each leg?" (Assu:.te vessel cru1.sine S;"1Ced of 
14 knots for lWA.:\ vessels. Do not include runrlin& tioe from p~rt to b\:t;i:nni~g 
point and from end point to port and do not include a vca thcr f ac toe.) 

10-14 

5. Do you consider your investigation to be the principal one for the operation thus 
requiring other a.ctivities to piggyback or could you pigg)·back? · 

Can coordinate. 
Approximately how many vessel hours per day will be r~quircd for youc o~serv~ti~ns 
and must these hours be during daylight? Include an cstioatc of sa~?linz-ti:e on 
station and sample processing ti~c between stations. 

1 hr 1 station, longer periods for collec;ting beach samples. 

~l. \~h;tt equipment and· personnel "t.rould you e:-:pcct tt1c ·ship to provice? 

Bottom grab and winch. STD casts. Positional d9ta. 

7. \ih:lt is th~ app~o~irr.;~tt! ,.:qi£ht and volu;~e of cquipr.~ant you \Jill brine? 

1000 lbs 200 cu ft 

\Jill );..:>ur cl:ttn or cquip:~ent rec;uitc !•pcci.1l h.mdJ.jn 1:? 
dcGct·ihc. 

Fragile media requires refrigeration. 
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t·o;IHl ;.;nc su .. q1 pr.Lut· t.o ucpi.l!.t.utc J.ro::t :>(•a:.tte nr t:U:tt: otl.l.~~Yc<.l tu:: f;id;m.:.:nt hy 
b.tlr.~c. co2 for dry ice. 

))o you lt<l.VC a !;hip vr!-!ft:r<•nr..c. clth~r r:otu\ Ot" uon-::0,\.A? 
vcs!iel and gi.v<.: the rca:;on [or ~·o !;pccify.ing. NOM\ 

Need wet lab space, incubators and stabh platfor:n . 

I r "yt:s". I> l.•:::t ~.(: llill:lC the 
Miller freeman or Discoverer. 

. ------------ ·----·--------
If you rc~co:!=~ml the! u~H: of a non-!10.\t\ vcs3c-l, ~<:h~t is tltc pn::: s.::a d.:!:,· c:h.:~rte~
cost and bave you vcrifiQd·it::; availabilit:;? 

NA 

llct.> many pco?le ou.st you have on bo.:n:d for ecch leg?. Include a list CJf p.Jrr.:ic.i
pant:s» specifically identifying any 'HhO are forc:ig:t nationals. 

2 persons~ 
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XI/I I 1. Updated Activi ty/Ni lestone/Oata Ha'lagement Charts will be_ sub
mitted quarterly. 

2. Quarterly 1·eports \·till be submitted in sufficient time during 
the contract yea.- to be in OCSEAP hands by .the first day of: 
January, Apdl, July and October. · 

3. Data will be provided in the form and format specified by.OCSEAP, 
accompanied by a data documentation form (tlO"AA 24-13) th,~ough NIH 
under interagency agreement. 

4. ·Data will b~ submitted \'lithin 120 days of the completion of a. 
cruise or 3 month data collection period, unless a written w~iver 
has been received from the Project Offic_e. 

5. l.tithin 10 day~ of the completion of a cruise or data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23) \'Jill 
be submitted to the P1·oject Data r1anage1·. Sufficient ROSCOP forms 
\·lill be fonoJarded to the principal investigator l'lith instructions. 

6. Title for all property purchased \'lith OCSEAP funds rema1ns \'lith 
the U. S. Govemment pending disposition at contract termination. 

7. Three (3) copies of all publication or p1·esentation manuscripts 
pertaining to technical or scientific material devcloped-i-under 
OCSEAP funds \'lill be submitted to the apswopriate Project Office 
at least sixty (60) days prior to release •. · The release of such 
material within a period of less than sixty (60) days shall be 
made only \'lith prior written consent of the Project Office. Ne\'IS 
releases \·li11 ffrst be clear·ed \'lith the appropriate Project Office. 

8. .tnl pilblications and presentations of material developed under 
OCSEAP funds \'lill acknowledge BUVOCSEAP sponsorship .. The follo~'l
ing standard ackno·r'l1edgement is acceptable. 

"This study \·:as supported by the Bur·cau of land 11anage
ment through interagency agr):ement \'lith the National 
Oceanic and Atmospheric Adn1~nistration, undet· \'lhich a 
multi-year program responding. to needs of petroleum. 
development of the Alaskan continental-shelf is managed 
by the Outer Continelltal Shelf Environr,1ental f,ssessment 
Program (OCSEAP} Office."· 

9. At the option of the Prbject Office the P. r. \'till be prepared to 
trave1 to·the Project Office t•:lice during t!-;·~ contt·act yea;~ to revie\'1 
project status and progress. Such reviews .,1111 be scheduled on dates 
rr.utually satisfactory to both 1:arties. The> P. I. \·lill also be prer)ared 
to participate in a planning meeting fm· the iior·ton 5ound and Uppe~ Cook 
Inlet cruises scheduh:J f~r early 15GO. It is w~der·stood thJt costs of 
the tt·avel and per di<: .. i for these tt·ips \·1i1l be bor·ne by tl~e Pr·oject 
Offi;:e. Additional tr.;wel for OCSE/\P revie•.-1 and synthesis efforts are 
opt-ional and are not t·equil·ed undel· the ten!;S of this contract. 
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PROPOSAL 

CURRENT MAPPING RADAR PROGRAM 

submitted to 

NOAA/Outer Continental Shelf Environmental Assessment Program 

by 

Donald Barrick, A. Shelby Frisch, and Robert L. Weber 

NOAA/ERL/Wave Propagation Laboratory 

Boulder, Colorado 80302. 

Research Unit 48 
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I. LOWER COOK INLET SURFACE CURRENT STUDIES USING HF RADARS 

RU-48 

APRIL 1, 1979 through SEPTEMBER 30, 1979 

This is the period mutually agreed upon by RU48 and OCSEAP 

II. PRINCIPAL INVESTIGATORS 

Dr. Donald E. Barrick 

Dr. A. Shelby Frisch 

Dr. Robert L. Weber 

III. COST OF PROPOSAL 

a. Science 

4 man month GS-13 

4 man month GS-13 

3 1/2 man month GS-15 

@ 5,000/month 

@ 4,682/month 

@ 6,800/month 

Total 

Travel - see attached 

b. Logistics - none - no field trip this year. 

c. Total 
i 

I 
d. Distrib~tion of Effort: 100% Cook Inlet 

* Includes Other Agency Overhead 
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$20,000 

18,728 

23,800 

$62, 718* 

2,160 

$64,878 

$64,878 



IV. BACKGROUND 

During the summer of 1978, the Sea State Studies Group operated 

their HF current sensing radar in the western portion of Lower Cook 

Inlet, Alaska from sites on Augustine Island, and Cape Douglas. 

For a period of time, from July 1 through July 3, surface current 

observations were made at every 80 min~tes, and from July 4 through 

July 8, every 3 hours. The area of good radar coverage started 

slightly to the east of a line. drawn between ·cape Douglas and 

Augustine Island to about 50 km from this lirie. 

V. OBJECTIVES 

It is our objective in this proposal to analyze the 1978 data 

and to provide a Final Report containing analysis and interpretation 

of data collected during 1977 and 1978. Specific objectives for 

analysis of the 1978 data include the following: 

1. Produce an observed current map for each good data sample; 

i.e. , 3. days every 1. 5 hours, 5 days every 3 hou~s. 

2. Produce non-tidal current maps, i.e., maps where the strong 

tidal effects are filtered out (namely the 12 and 24 hour 

periods). We would give a time-averaged map every 12 hours 

over the 8 day data collection period. This would be made up 

of a 24 hour segment of data least squares fit for the 0 

frequency. 

3. Produce x and y components of flow in. a suitabl~ format for 

the trajectory calculations and tomparison with model results 

(RU436) over the entire 1978 data period. 

4. Attempt to correlate the non-tidal current results with the 

local meteorology prevailing during the observation period.We 

will look for effects of storm and wind on the surface currents 

by using the Lower Cook Inlet data buoy and other meteorological 

data such as RU367 can provide. 
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5. Compare the tidal and non-tidal currents and time series data 

with the results of moored current meter observations provided 

by RU138. Compare the low passed time series every 12 hours. 

VI. STRATEGY AND APPROACH 

We will first calculate the direct. radar observed surface 

currents for all of our data for this 1978 period. It will then 

be harmonically decomposed to determine the tidal amplitudes of 

the 12 and 24 hour tidal periods for each day~ We will then sub

tract this out of our original data to obtain the steady currents 

(i.e., at zero frequency) which should correspond to the non-tidal 

component of motion due to such things as pressure, wind, or den

sity induced currents. The sampling was done once every hour and 

20 minutes for a period of 3 days and once every 3 hours for a 

period of 5 days. This should be more than adequate to resolve 6, 

12 or 24 hour components of motion as well as the average current 

for a 24 hour period. We plan to compare our tidal amplitudes for 

the 12 and 24 hour component with PMEL's overlapping current meter 

obtained tidal amplitudes. Since the tides are fairly independent 

of depth, this would be the most logical way to compare the radar 

data to current meter data. 

The true error of the radar is difficult to determine, since 

there is no other method of comparison that will give the same 

resolution or area averaging. Comparison with drifters in the 

Florida Stream produced rms differenc~s of + 25 em/sec initially 
I -

(Barrick, et al., 1977). Correction~ to that data give better than 

+ 10 em/sec at this time. Other data from Cook Inlet in 1977 

compared with drifters gave about the same differences. 

VII. DELIVERABLE PRODUCTS 

A. Digital Data - The surface currents will be presented in x, y 

co-ordinates in digital form for the sample time in the OCSEAP 
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format. This would be for the previously processed 1977 data 

and the 1978 data. 

B. Narrative Reports - There will be one paper (now in draft 

form) on the tidal components determined in the neighborhood 

of Anchor Point and Seldovia. These were observations made 

in the summer of 1977. Quarterly report and Final report 

containing analysis and interpretations of results and repre

sentative maps from all processed 1977 and 1978 Cook Inlet data. 

(For details of 1978 products see preceding Section V and 

Section VIIC below.) 

C. Maps of surface currents at each of the data periods during 

1978. Maps of the "detided" (residual) surface currents for 

each 12 hours. Maps for tidal components every 3 hours. 

Data suitable to calculate trajectories in the coverage area. 

D. Other - None 

E. Data submission schedule - 1977 and 1978 data submission will be 

completed by August 30, 1979. 

VIII. SPECIAL SA}WLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

Not applicable. 

IX. LOGISTICS REQUIREMENTS 

None 

X. ANTICIPATED PROBLEMS 

None 

163 



XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

Wind data from RU367, current data from RU138, and model information 

from RU436. 

XII. ACTIVITY/MILESTONE CHART - FINAL 

Quarterly report will be submitted July 1, 1979 and the data 

and final report will be submitted by September 30, 1979. 

XIII. OUTLOOK 

Future work will be done to improve hardware reliability and reduce 

the weight, simplify the data processing, improve the current 

resolution, and further analyze the Cook Inlet data. 

Bibliography 

Barrick, B. L., Evans, M. E., and Weber, R. L., Ocean surface currents 

mapped by radar, Science, 198, pp. 138-144. 
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Refc NOAA/RD/ERL/179-RWOl 

Dr. Rudy Engleman 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 
Boulder, Colorado B0302 · 

MAR 2 1979 

Outer Continental Shelf Environmental 
Assessment Program, Director 

National Oceanic & Atmospheric Administration 
Boulder, CO. 80303 

Dear Dr. Engleman: 

We are sending the attached.proposal for your consideration 
for the completion of the data analysis taken with the h-f 
surface current sensing radar. 

Estimated time for completion of the work outlined in the work 
agreement is September 20, 1979. 

The cost estimate is distributed as follows: 

Labor 

Travel 

Total 

$62,718 

2,160 

$64,878 

Work will not be performed on this project prior to the receipt of 
a transfer of funds from your office authorizing the work. Questions 
concerning the technical content of this proposal should be directed 
to A. S. Frisch or R. L. Weber, ext. 6209. 

Sincerely, 

~t.'YB 
C. Go Little, Director 
Wave gation Laboratory 

Attachment 

cc: Roy Overstreet 
OCSEAP,NOM 
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Proposal for extension of funding 
of Gulf of Alaska Research Unit - 59 

"Coastal Morphology, Sedimentation and Oil Spill Vulnerability 
of Montague Island and the Kenai Peninsula" 

Proposal Date: June 20, 1978 

Funding Period Requested: FY '79 (October 1, 1978- September 30, 1979) 

Present Contract No.: 03-5-022-82 

Co-Principal Investigators: Miles 0. Hayes, Director 
Christopher H. Ruby 

Total cost: $ 39,726.00 

Coastal Research Division 
Department of Geology 
University of South Carolina 
Columbia, S. C. 29208 

Task D-4: Evaluate present rates of change in coastal morphology with 
particular emphasis on rates and patterns of man-induced 
changes: locate areas where coastal morphology is likely to 
be changed by man's activities; and evaluate·the effect of the 
changes, if any. The relative susceptibility of different 
coastal areas will be evaluated, especially with regard to 
potential oil spill impacts. 

i 
I 
I 
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TECHNICAL PROPOSAL 

I. Coastal Morphology, Sedimentation and Oil Spill Vulnerabiljty of f4ontague 
Island and the Kenai Peninsula ' 
Research Unit #59 

· Contract #03-5-022-82 
1 October 1978 ~ 1 October 1979 

II. Principal Investigators - t·1iles 0. Hayes and Christopher H. Ruby 

III. Cost of Proposal: 
. ' ' 

A. Science- $39,726.00 
B. Field support provided by Juneau office 
C. Total: $39,726.00 
D. Distribution: 109% NEGOA 

IV. Background: An 011 Spilf Vulnerability Classification will be applied to 
the shoreline environments. The classification is explained below; 

A PROPOSED ENVIRONMENTAL VULNERABILITY CLASSIFICATION 

On the basis of two case studies and careful review of the literature, 

a scale of environmental vulnerability to oil spill impacts has oeen derived. 

This scale relates primarily to the· longevity of oil in each environment. 

The subtleties of chemical weathering of the oil within each environment 

have not yet been studied in enough detail to be incorporated into the vul

nerability scale. Studies have concluded that chemical weathering processes 

are more active on high energy coasts than on low energy coasts, although 

the details of this environmental classification are still rather obscure. 

Additionally, biodegradation rates are thought to be slower in cold water, 

although little documentation exists to adequately verify that notion. 

Coastal environments are listed and discussed below in order of in-

creasing vulnerability in case of oil spills: 

1. Straight, rocky headlands: 

Most areas of this type are exposed to maximum wave energy. Waves reflect 

off the rocky scarps with great force, readily dispersing the oil. In 

fact, waves reflecting off the scarps at high tide tend to generate a 

surficial return flow that keeps the oil off the rocks {Urguiola spill, 

Spain). 
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2. Eroding wave-cut platfonus: 

These areas are also swept clean by wave erosion. All the areas of this 

type at the !~etula spill site (Chile) had been cleaned of oil after one 

year. The rate of removal of the oil would be a function of the wave 

climate. In general, no cleanup procedures are needed for this type of 

coast. 

3. Flat, fine-grained sandy beaches: 

Beaches of' this type are generally flat and hard-packed. dil that is 

emplaced on such beaches wi 11 not penetrate the fine sand. Instead, it 

usually forms a thin layer on the surface that can readily be scraped 

off by a motorized elevated scraper _or some other type of road machinery. 

Furthermore, these types of beaches change slowly, so burial of oil by 

new deposition would take place at a slow rate. 

4. Steeper, medium-to-coarse-grained sandy beaches: 

On these beaches, the depth of penetration would be greater than for the 

fine-grained beaches (though still only a few centimeters), and rates of 

.burial of the oil would be greatly increased. Based ·on earlier studies 

by our group in numerous localities, it is possible for oil to be buried 

as much as 50-100 em within a period of a few days on beaches of this 

class. In this type of situation, removal of the oil becomes a serious 
I 

I 

problem, inasmuch as it would be necessary to destroy the beach in order 
- . I - . 

to remove the oiL. Another prqblem is that burial of the oil preserves 

it for release at a later date when the beach erodes as part of the na

tural beach cycle, thus assuring long-term pollution of the environment. 

5. Impermeable muddy tidal flats (exposed to winds and currents: 

One of the major surprises of the study of the Metula site {Chile) was 

the discovery that oil did not readily stick to the surfaces of mud 

flats. Also, penetration into the sediments was essentially non-exis-
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tent. Threfore, if an oiled tidal flat is subject to winds and some cur

rents, the oi 1 wi 11 tend to be eventua l1y removed, a 1 though not at the 

rapid rate encountered on exposed beaches. 

6. Mixed sand and gravel beaches: 

On beach.es of this type, the oil may penetrate several centimeters, and 

rates of burial are quite high (a few days in Spain). The longevity of 

the oil at the Metula site, particularly on the low-tide terrace and berm 

top areas, attests t.o the high susceptibility of these beaches to long

term spill damage. 

7. Gravel beaches: 

Pure gravel beaches have large penetration depths (up to 45 em in Spain). 

Furthermore, rapid burial is also po5!sible. A heavily-oiled gravel 

beach would be impossible to clean up without completely removing the 

gravel. 

8. Sheltered rocKy headlands: 

Our experience in Spain indicates that oil tends to stick to rough rocky 

surfaces. In the absence of abrasion of wave action, oil could remain 

on such areas for years, with only chemical and biological processes 

left to degrade it. 

9. Protected estuarine tidal flats: 

Once oil reaches a backwater, protected, estuarine tidal flat, chemical 

and biogenic processes must degrade the oil if it is to be removed. 

10. Protected estuarine salt marshes: 

In sheltered estuaries, oil from a spill may have long-term deleterious 

effects. We observed oil from the Metula on the salt marshes of East 

Estuary, in the south shore of the Strait of f4agellan, that had shown 

essentially no change in 1 1/2 years. We predict a life span of at least 

10 years for that oil. 
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These concepts have been applied to the Northern Gulf of Alaska (Final 

Report was submitted in April, 1978; Technical Report No. 15-CRD) and to 

lower Cook Inlet in our study for the Alaskan Dept. of Fish and Game (Tech

nical Report No. 12-CRD). 
' The Coastal Research Division of the Department of Geology has been 

studying numerous oil spills in coastal environments for the past several 

years. These studies include the following: 

List of S~ills Studied 
Km of beach Dates of 

Carrier Location Amount & T~~e of Product Affected OSAT Field Study 

Metula Strait of 
l~agellan 

Urguiola La Coruna, 
Spain 

Jakob Porto, 
!Vlaersk Portugal 

Bouchard Buzzards Bay, 
#65 !~ass. 

Eth.l:l H. Hudson River, 
New York 

Amoco Brest, 
Cadiz France 

51,000 tons spilled, 
40,000 tons deposited on 
beaches (Saudi Arabian 
crude) 

90,000 tons spilled, 
25-30,000 tons on 
beaches (Arabian crude) 

80,000 tons spilled, 
20,000 on beaches 
(Arabian crude) 

81,000 gals #2 
fuel oil 

420,000 gals #6 
residual fuel oil 

216,000 tons 
(Arabian crude) 

i 
I 

I 

225 km 

215 km 

40 km 

5-10 km 

Sporadic 
shoreline 
contact 

t4ore than 
200 km 

12-20 Aug. '75 
Jan-Mar. '76 
Aug. '76 
(sti 11 active) 

17 May-20 June 
1976 

(still active) 

6-9 June '76 

30 Jan-2 Feb. '77 
17-18 June, 1 77 

6-7 Feb. '77 

Mar. 18-Apr. 8 1 78 
May 8-22, 1 78 

As a result of these studies, funded by various Federal agencies and a 

number of advanced graduate level seminars, the personnel involved have de

veloped an oil spill assessment team (OSAT). This group is presently very 

active publishing results and continuing studies as new spills occur. The 

personnel involved with the summer 1976 and 1978 field sessions in the Kotze

bue Sound-Chukchi Sea, Beaufort Sea, and Kodiak Island areas (M. 0. Hayes 

and C. H. Ruby) are members of OSAT. These members, plus possible, additional 
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field personnel, will participate in the 1979 field work and analysis. Ad

ditionally, the principal investigators both presently participate in the 

NOAA Spilled Oil Research Team. 

With this in mind, the primary emphasis of the proposed field work on 

Montague Island and the Kenai Peninsula will be to apply our Oil Spill In-

dex, which is constantly upgraded as our experience increases. Our recent 

studies of the Amoco Cadiz spill will greatly facilitate the proposed work 

since the environment in northern France is much like sections of the pro-

posed study area. 

Objectives: 

1. Collect field data on the intertidal sedimentary environments of Montague 

Island and the Kenai Peninsula. This would include measurements on the 

morphology, grain size, sedimentation rates, beach slope, vegetational 

characteristics, wave energies and longshore currents. 

2. These data would be combined in an atlas format to produc8 maps of oil 

spill vulnerability as well as coastal morphology, beach sediment type, 

beach slope, and erosional-depositional characteristics for the study 

area. 

Strategy, Approach and Sampling Techniques 

Zona 1 f>lethod 

For the proposed general appraisal of the shorelines of the Kenai Penin

sula and ~·lontague Island, we would utilize the zonal method developed over the 

past few years by Hayes and associates of the Coastal Research Division at 

the University of South Carolina (Hayes et ~-· 1973) 1 

Hayes, Miles 0., Owens, E. H., Hubbard, D. K., and Abele, R. W., 1973, The 
investigation of form and processes in the coastal zone: l!l Coates, D. R., 
ed., Coastal Geomorphology, Pubs. in Geomorphology, Binghamton, N.Y., 
p:- 11-41. 
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Very briefly, the zonal method consists of the following essential 

steps: 

1. After the selection of a single, large physiographic unit as the study area 

(e.g., Montague Island), extensive studies of aerial photographs, maps and 

charts precedes the field work. 

2. Field work begins by aer-ial reconn.aissance of the entire. area during which 

the shoreline is photographed in detail. 

3. Based upon observations during .the aeri.al reconnaissance, a station inter

val is selected .. Statjons wil) be located ~pproximately every 10 km alo.ng ,a 

straight-line shoreline configuration on 1.:250,000 topographi~ maps. 

4; At each qt: ;these locations,. a .beach profile is measured, sediment samples 

collected, beach sketch and·taped description made, a11daerial photos taken. 

5. Approximately ten stations, representative of the various types of coastal 

morphology identified during the reconnaissance would .be selected for detailed 
' ' . ; ' . . . . . . 

study. At eash detailed study site ,(zonal station), the following s,tudies 

would be carried out: 

a. Construction of a three-dimensional block diagram of the shore zone by 

measuring two or more intertidal beach profiles._ 

b. Estimation of grain size and composition ~t regular intervals along one 

of the profile lines. 

c. Detailed topographic surveys and sthtistical studies of features within 
I 

the zone, both on the ground and from the air. 

d. Detailed sketches of the '~one: These are important because they force 

the observer to carefully inspect all aspects of the morphology and sedi

ments within the zone. 

Biological Considerations 

Biological field studies would not be performed as part of the project. 
' ' - ' ' 

In recognizing the importance of the faunal communities in any oil spill 

172 



r 

vulnerability classification, however, we would incorporate published and un

published data on coastal biota. On the basis of these pre-existing data, 

a biological susceptibility scheme would be superimposed on the residence 

time vulnerability classification derived from sedimentological studies. 

Process Measurements 

o·n spill vulnerability fs, to a large extent, a function of phYsical 

process intensity, e.g., wave action and tidal range. Process variability 

within the study area would be assessed by (1) the morphologic response to 

processes, e.g., storm-tide lines, the degree of beach and berm development, 

etc., (2) hindcasting of storm wave energies, (3) direct measurements of 

wave heights, wave angles and longshore current velocities at the zonal 

sftes, and (4) a thOrough review of existing literature. 

Analytical ~lethods 

All sediment samples will be analyzed for grain size by sieving or 

with a settling tube:· These data wi 11 be synthesized by computer and 

analyzed to determine grain size trends along the shorelines of the study 

area. All relevant vertical aerial photographs from available sources 

will be analyzed to determine long-term shoreline changes., especially any 

wave-induced changes. 

Deliverable Products 

A. Digital data: 

Magnetic tapes of all sediment grain size analyses for both areas. 

Magnetic tapes of all beach profiles measured. Our current computer 

programs are already designed to meet OCSEAP requirements and have 

been verified correct by the NODC. 

B. Narrative Reports: 

We anticipate a number of publications related to this project, in 

addition to quarterly and annual reports. 
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C. Visual data: 

lv!aps wi 11 be constructed as follows: 

1. Beach morphology maps, which also display a coastal classification. 
2. Application of our Oil Spill Vulnerability Index to the morphological 

base map. 

D. Other non-digital data - None 

E. Data submission schedule: All data collection will be done during June -
August, 1979. Data will be submitted in quarterly reports. Expected 
final report date - April 1980. Digital data will be submitted with the 
quarterly report for December 1979. 

Specimen Archival Plans: 

All sediment samples are split prior to analysis and stored within the De

partment of Geology at the University of South Carolina. 

Logistics Requirements 

Nost of the work could be done with a helicopter procured by NOAA and a 

Cessna 180 fixed-wing aircraft from a local flying service. A crew of 

three people plus pilot could do the data collection needed for the oil 

spill vulnerabilty map in about 3 or 4 weeks of working time. Approxi

mately 4 hours of flight time per day are needed (more or less 100 hours 

total). 

The exact area to be studied is shown on the map provided (Fig. 1). 

It encompasses the shoreline of r1ontague lsland,the Kenai Peninsula from 

Latouche Island to the Chugach Islands. Sy~tions will be set up at 10-15 km 

intervals along the shoreline. 
I . . 

We would like to request the use of a 

Coast Guard station or similar space for use as a base of operations. 

Anticipated Problems: None 

Information Required from Other Investigators: None 

Nanagement Plans 

All aspects of the project will be managed directly by the principal in

vestigator and co-investigator. Field crew? will consist of qualified 
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graduate students using these .projects for M:S. or Ph.D. problems. 

Outlook · 

It is our desire to continue our regional studies of ~oastal morphology and 

sedimentatio~ in all ·~ritical areas of ~he Alaskan coast .. In particular, 

we would like to continue determining the relative vulnerability to oil spill 
,, 1' 

impacts of the various coastal environments present. 

In view of the present status of lease sales and potential offshore ex

ploration, we feel that the southern shore of the Alaskan Peninsula between 

Cape Douglas and the Shumagin Islands would be a logical area to classify' 

during FY '80. Funding required: Approximately $45,000. 

The following guidelines will be.adhered to:· 

A. Updated milestone charts will be submitted quarterly. A schedule for 
processing ~nd analysis of past year's data will be subm1tted to.the 
Project Office upon request. 

' ' ' 

B. Quarterly reports will be submitted to the appropri'ate Project Office 
during the contract year to be in OCSEAP .hands by the first day of 
January, July and October. Annual reports are due by April 1. The 
Final Report wili be submitted within 90 days of the exp.iration of the 
contract. 

C. Where biota are concerned, all ~pecies and higher categories will be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in con
formity with OCSEAP voucher specimen pol icy. Voucherihg will include 
life history stages (e.g., larvae, juveniles, adults) when these are 
studies, and sexes where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the Project 
Office at least twice during the contract year to review project status 
and progress. Such reviews will be scheduled on dates mutually satis~ 
factory to both parties. In addition, the PI may be requested to par
ticipate in program review or synthesis meetings as required. It is 
understood that costs of the travel and per diem for these trips will 
be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in the 
form and format specified in Deliverable Proeucts Section VII, A thru 
E. Digital data submissions will be accompanied by a Data Documenta
tion Form (NOAA Form 24-13). 
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F. Digital data will be submitted to the Project Data Manager within 120 
days of the completion of a cruise or three month data collection period, 
unless a written waiver has been received from the Project Office. The 
NODC Taxonomic Code is· to be used for biological data submissions. 

G. Within 10 days of the completion of a cruise or any data gathering effort, 
a ROSCOP data collection inventory form (NOAA Form 24-23) will be sub-
mitted to the Project Data Manager. · 

H. Title for all property purchased with OCSEAP funds remains with the U.S. 
Government pending disposition at contract expiration. All new equipment 
purchased will be reported quarterly and inventoried annually. The PI 
will maintain inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded on Fprm CD-281. 
11 Report of Government Property in possession of Contractor", {copy attached). 
Updated copies of these inventories will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation which 
pertain to technical or scientific material developed under OCSEAP funds, 
will be submitted to the appropriate Project Office at least sixty {60) 
days prior to release, for infor~ation and for forwarding to BLM. The 
release of such material within a period of less than sixty days will be. 
made only with prior written consent of the Project Office. News releases 
will first be cleared with the appropriate Project Office. Five copies of 
all reprints which pertain to technical or scientific material developed 
under OCSEAP funds will be submitted to the appropriate Project Office 
when they become available. · 

All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship. The following acknow
ledgement is standard: 
11 Th.is study was supported by the Bureau of Land Management through inter
agency agreement with the National Oceanic and Atmospheric Administration, 
under which a multi-year program re~ponding to needs of petroleum develop
ment of the Alaskan continental shelf is managed by the Out~r Continental 
Shelf Environmental- Assessment Program (OCSEAP) Office 11

• 

) 
I 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
ate.) . 

Sediment 
samples 

Beach profiles 

Media 
(Cards, cod
ing sheets, 
tapes, disks) 

1 tape 

1 tape 

Estimated 
Volume 
(Volume of 

.processed data) 

300 

100 

DATA'PRODUCTS SCHEDULE 

OCSEAP 
format 
(If known) 

073 

072 

Processing and· 
Forniating done Collection 
by Project · Period 
(Yes or No) .. (Month/Year to Month/Year) 

Yes 6/79 .;. 8/79 

Yes 6/79 - '8/79 

Submission 
(Month/Year) 

12/79 

12/79 



ll. AIRCRAFT SUPPORT :f'IXED WING 

l. Del:[_neate proposed flight lines on a chart of the. area. Indicate dcsi.r.ed flight: 
altitude on each line. (Note: If flights are for transportc..tion only) clwrt 
submission is not necessary but origin and destination points should he listed.) 

See enclosed map. Overflights will be made of the entire area. 

2. Describe types of observations to be made. 

Aerial reconnaissance and photography. 

3. What is the optimum time chronology of observations on a seasonal basis and \-7hat 
is the rnaxil!lum allot-table cl_eparture from these optimum times? (l{ey to chart 
prepared under Item 1 ~vhen necessary for clarification.) 

June 15 - July 15, 1979. 4. day-l'ong flights during periods of clear weather. 

llot·7 many days of flight operations are required and hot-T many fli~ht hours 
4 flights - 8 hours each 
Total flight hoursJ 

32 hours total 

per clay? 

'>. Do you consider your investigation t:o be the principal· one for t11e ,flig11t) 
thus precluding other activities or requiring other activities to piggyback 
piggyback or could you piggyback? 

Yes, flights will last entire day; thus, pi.~gybacking will be impossible. 

), ··What types of special equipment are required for the aircraft (non carry-on)? 

None 
l-1hat are the lveights, dimensions, pot.;rer requirements, and installation 
problems unique to the specific equipment. · 

.,. lfuat are the l-Teights, dimensions and pov7er requirements of carry-on equipment:? 

80 lbs. of cameras. 

3. lfuat type of aircraft is best suited for the purpose? 

Cessna 180 .. ' 
/ 

J. Do you recommend a sourc'e for the aircraft? Kenai Air Service. We have worked 
If "yes", please name the source and the reason for your reco!JJ!llendation. 
with this firm and· their pilots previously with excellent results. 

'.0. l·lhat is the per hour charter cost of the aircraft? 

Approx .. $100/hour 

'.1. li0\-1 tnany people arc required on board for each flight (exclusive of flight crm-1)? 

3 

; ?.. \There do you recommend that flights be staged fro:::1? Unknown at this. time. Aircraft 
will be able to pick up wherever work is in progress at time of flight. 
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C. AIRCRAFT SUPPORT - HELICOPTER 

1. Delineate proposed transects and/or station s·cheme on a cha1:t of the area, 
(Note: If flights are for transport of personnel or equiprtient only from base~ 
camps to.field camps and visa versa~ chart submission is not necessary hut 
origin and destination points should be listed). 

See Bl 

2. Describe types of observations to be made •. 

Flights to sample locations, aerial reconnaissance 

3. Uhat is the optimum time chronology of observations on a seasonal basis and l;rhat 
is the maximum allol;rable departure from J;hes~ opthmm times? 

Projected field work dates are June 15 - July 15 - 1979. 

'•· Ho\-7 many days of helicopter operations are required and hoH many flight hours 

·per day? 28 days, 4 hours a day total approx. 100 hou·rs. 

Total flight hours? 

5. How many people are required on board for each.flight (exclusive of the pilot)? 

3 

6·. Uhat are the weights and dimens·ions of equipment or supplies to be transported'! 

Cameras and sampling gear- 100 lbs. 

7. What type of helicopter do you reommend for your operations and 't;rhy? Unknown, any. 
helic"opter capable of numerous beach landings with 3 persons, crew and 100 lbs of .gear. 

8. Do you recommend a particular source for the helicopter? If. "yes1
' • please namc! 

the source and the reason for your recommendation. 

No 

9. Uhat is the per hour charter cost· of the helicopter? 

NOAA helicopter 

10. l~ere do you reommend that flights be staged fro~? 

Unknown at this time. 

11. lHll special navigation and communications be required? 

No. 
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D. QUARTERS AND SUBSISTENCE SUI'PORT 

1. 1vhat are your requirements for quarters and subsistence in the field area? 
(These requirements should be broken dovm by (a) location> (b) calendar period. 
(c) number of personnel per day and total mari days per period). 

We are requesting a Coast Guard station or similar lodging location .wi-thin the study 
area •. Our field crew will consist of 3 p~rsons for 5 weeks, June 15 - July 15, 1979. 

84 man days Suggested base of operations, Seward, Alaska. 

2~ Do you recommend a particular source for this support? If "yes", please name 
the source and the reason for your recomm~ndation. 

No. 

3. \~at is your estimated per man day cost for this support at each location? 

Unknown at this time. 

Hm~ did you derive this figure, i.·e., what portion represents quarters and ~~hat 
portion represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to establish and maintajn a field · 
camp? 

.E. SPECIAL LOGISTICS PROBLEHS 

1. .1·Jhat special logistics problems do you anticipate under your proposal and hm.1 
do you propose that the problems be solved? (Provide cost estimates and in
dicate '\ihether you propose handling the problems yourself or whether you must 
depend on NOAA to solve them for you? 

None 

i 
I 
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MILESTONE CHART 

0 - Planned· Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 
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Major Milestones: Reporting, and other significant 
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A. PROPOSAL NO.: 

THE REGENTS OF THE UNIVERSI'N OF CALIFORNIA 
_Unlverllt.~ of California, Sen Diego 
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Telephone (714) 452-4570 

· ucso- 1294 

PROPOSAL FOf! RESEARCH TO BE CONDUCTED UNDER THE SPONSORSHIP OF 

U.S. DEPARTMENT OF COMMERCE, NOAA 

TITLE OF PROPOSAL: EFFECTS OF OILING ON SEA OTTERS IN NATURE; 

Research Unit 71 

PROJECT PERIOD: 1 year 

AMOUNT REQUESTED: l?52, '733 

From: 10/1/78 

AGENCY CONTRACT OR GRANT NO.: NOAA 03-7-022-35130. 

PRINCIPAL INVESTIGATOR: 
(NAME. TITLE, ADORES& & TELEPHONE) ·Dr. Gerald L.Kooyman 

Research Physiologist 
Physiological Research Laboratory 
Scripps Institution of Oceanography 
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La Jolla,California 92093 
(714) 452-2091 

Through: 9/30/79 
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C. Technical Proposal Form 

I. Title and Task Statement Number 

II. 

Effects of Oiling on Sea Otters 
Research Unit Number : 71 
Contract Number: Renewal 
Proposed Dates of Contract: 

Principal Investigator(s) 

Dr. G .l. Kooyman 

In Nature 

of 03-7-022-35130 
10/1/78 - 9/30/79 

III. Cost of Proposal 

A. Science - 36,590. 
B. Logistics - 8,880. 
C. Total - 45,470. (w/o overhead) 

IV. Background: Outline the relationship and relevance of the proposed research 
to other scientific efforts in the area of interest~ and how the proposed work 
relates to research previously conducted. 

Sea otters are a conspicious and ecologically im'portant member of the 
nearshore fauna throughout much of the Alaskan coast (Kenyon 1969). Sea otters act 
as a keystone predator maintaining the structure and composition of the nearshore 
shore communities they inhabit (Estes and Palmisano 1975;Lowry and Pearse, 1973). It 
is likely that sea otters living in the coastal margins near oil development will 
come in contact with and be impacted by crude oil. Any oil spill which significantly 
reduces the population of sea otters is also likely to result in a change in the 
nearshore community, by reducing or eliminating the sea otters foraging pressure 
(Simenstad et .!!_. ~ 1978). . 

We have found that c'rude oil contamination impacts sea otters by increasing 
their heat losses to the environment by reducing the insulating quality of their 
fur (Kooyman and Costa, 1978). An increased heat loss r~sults in a higher energy 
maintenance cost, which requires an increased food consumption. 

The ability of sea otters to survive oil contamination, and withstand 
both the thermoregulatory stress and an increase in their already high food 
consumption (23.5% of their body weight dail~ (Costa,1978), in nature is unknown. 
Siniff et al. (1977) has conducted some prel,~minary investigations into the effects 
of oil contamination in free ranging otters' However, they have only oiled a very 
small portion of the sea otters back with a very large (25 ml) amount of crude 
oil. Oil contamination in the wild is not comparable to their oil application 
method. The results from more realistic oilings may be interfaced with available 
sea otter population data in order to predict the impact of an oil spill in any 
sea otter habitat (Schneider 1976a, 1976b, 1975 and Calkins Pitcher and Schneider, 
1975). 

V. Objectives: List the most important objectives of this research project. 
Indicate specifically the relevance of these objectives to an environmental 
assessment of the Alaskan Continental She.lf that wilt provide information 
for decision making during leasing and development. 

1. Quantification of the behavioral 
under natural conditions. 
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A. To determine if sea otters can withstand crude oil contamination 
in the field. 

B. Measurement of the alteration of the normal activity patterns in 
oil fouled sea otters. 

C. Determination of the length of time required for the oil fouled 
sea otters behaviour to return to normal. 

2. To record the normal diving patterns of free ranging sea otters, with 
respect to the depth of subtidal habitats utilized, which might be 
effected by an oil spill. 

3. To assess the sea otter population in Prince William Sound, with respect 
to areas most susceptible to oil spills. 
These objectives will provide a data base from which estimates of the 
impact of oil contamination may b9 derived for any sea otter population 
given; the sea otter density, distribution and information concerning 
the severity of spill and possible drift pattern. 

VI. GeneraZ Strategy: Disauss your strategy to meet the objectives described 
in the task statement. 

Our previous. research has shown that oil has an impact on sea otters by 
increasing their energy utilization due to the increased heat lost to the environ
ment as a result of pelage contamination. In order to maintain this elevated 
energy utilization, sea otters must increase their food consumption by a proportional 
amount. In nature sea otters may not be able to survive the increased thermo
regulatory stress while increasing their rate of food consumption. Kenyon (1974) 
noted that malnutrition was common in contaminated fur seals. Finally we would 
anticipate direct effects of oil ing.ested while the otters groom. This proposed 
research will extend our previous physiological research to the field and will 
directly investigate the behavioral effects of oil contamination upon sea otters 
in nature. 

1) The behavioral responses of sea otters to oil contamination will be in
vestigated by comparing the activity patterns of 5 oiled and at least 10 control 
sea otters recorded by radio telemetry. Sea otters will be captured using tangle 
nets. We have used these nets with great success in Constantine Harbor, Prince 
vlilliam Sound Alaska. We do not anticipate any problems capturing sea otters. 
The netted sea otters will be anesthetized with gas anesthesia and a radio tele
metry collar attached. Control animals will then be released and radio tracked 
for about two weeks. After attachement of a radio collar experimental animals will 
be brushed with up to 60 mls of crude oil, covering no more than 50% of the dorsal 
surface. These animals will be radio tracked in a similar fashion as controls. 
Duration of tracking will depend on the health of animals. Recapture attempts 
will be made to assess the condition of the sea otters pelt. Three distinct be
havior patterns, resting, foraging ~nd grooming can be distinquished on the event 
recorder. During the daylight hours observations will be made to validate the 
recorded telemetry patterns with the animals behavior. 

2) The depth of dive of 5 free ranging sea otters will be monitored by 
attaching solid state dive depth recorders. These units are currently under develop
ment in our lab and will be ready by next summer. The recorders will measure the 
depth of the first, 64 dives. A timing device will cause the collar to be released 
from the otter at .a precise time from 1 to 72 hours after attachment. Actual re
lease time will be predicated upon field observation. Upon release we will then 
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-------------- -·--- --------------- ------------------- -- ----------~-

recover the floating collar and depth recorder. An attached transmitter will aid 
in collar recovery, as well as record the animals' activity patterns dur1ng the 
experiment. 

We tested a telemetry collar and a mock depth recorder in Constantine 
Harbor, Prince William Sound Alaska this summer. Both collars were recovered 
with little difficulty because the location of th~ otters was known for the 
majority of the time. 

3) An assessment of the sea otter population in Prince William Sound, Ak. 
will be continued by Helicopter or fixed wing plane. The coastline will be 
visually observed and the number of sea otters recorded on U.S.Coast and Geodotic 
Survey Charts. From these data we will be able to predict how many sea otters 
may be impacted by an oil spill in the Prince William Sound area. The methods 
derived to estimate the impact of an oil spill on otters in Prince William Sound 
should be useful to derive. the impact of an oil spill to sea otter populations in 
other areas. 

VII. Sampling Methods: Describe your temporal and spatial sampling scheme 
and the supporting rationale. What statistical measure of sampling 
adequacy will be used? (Complete only if applicable). 

A total of 5 experimental (oiled) and 15 control (5 diving behavior and 
10 activity pattern) animals will be studied. The mean time spent grooming, 
resting and foraging will be calculated for each animal. The mean times observed 
for control and experimental animals will be compared by the student's two sample 
t-test. Sea otters require a U.S. Fish and Wildlife permit to capture. Our permit 
allows us a total of 25 animals, 5 of which can be oiled. During July we captured 
4 animals under this permit. Therefore, we can only capture 21 animals during 
the 1979 field season. 

VIII. Analytical Methods: What methods of analysis are contemplated? Provide 
literature references. (Complete only if applicable). 

IX. Anticipated Problems: Discuss any anticipated major difficulties 
associated with the task and recommend solutions. 

As with any field project weather is our biggest concern. Given reason
able weather we anticipate no major problem:; completing the project. We have tested 
our radio transmitters, collars receivers a'nd capture equipment and we do not 
forsee any major problems. i 

X. Deliverable products: Identify products to be generated as a result 
of this project. 

This project will produce a narrative report containing a thorough des
cription of all procedures used and of all measurements taken during physiological 
studies of sea otters. The final report will include an analysis of prior fur seal 
research, studies of oil pollution effects on marine mammals by other investigators, 
and recommendation for future research. 

Progress of this project will be reported on every 3 months unless special 
problems require more frequent reports. 
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XI. Information Required from Other Investigators. 

Describe data required from other investigators to carry out your 
proposed work. 

No new data are required of other researchers to successfully complete 
the proposed work. Research presently reported in the literature will be reviewed 
for comparison studies. 

XII. Qual{ty Assurance Plans 

Briefly describe procedures and/or methods and schedule to be used for 
the calibration and interaomparison of instruments~ techniques and 
analytical results. 

The dive-depth recorders will be calibrated in a specially fabricated 
pressure vessel at the Physiological Research Laboratory prior to use in the field. 
The telemetry patterns on the event recorder will be compared with the observed 
sea otter behaviors. 

XIII. Special Sample and Specimen Archival Plans 

If~ as part of this study~ samples are collected which should be kept for 
future reference (e.g.~ core samples) describe the number of samples~ 
special storage conditions~ location of the archive~ annual cost of 
archive~ eta. 

No specific samples will be collected which should be kept for future 
reference. 

XIV. Logistics Requirements: If the PI proposes to furnish logistics support~ 
cost chargeable to the OCSEAP should be clearly identified in the Cost 
Proposal Form~ Seation·CPF-4a. If the program subsequently furnishes the 
support~ these charges can then be easily removed. If logistics support 
is not to be provided otherwise but will be provided by the program~ then 
the estimated costs of logistics support to be provided by OCSEAP should 
be included in Section CPF-4b of the Cost Proposal Form. Questions re
garding the form should be directed to the Project Office Logistics 
Coordinators (90?) 586-?438 (Sub-Arctic)~ and '(90?) 4?9-?3?1 (Arctic). The 
OCSEAP Logistics Officer in Boulder is at (303) 499-1000 ext. 6562 (FTS 
323-6562). 

We will supply transportation of equipment to Cordova Alaska and will 
supply all necessary field equipment (i.e. tents, cooking gear, receivers etc.). 
We will require from OCSEAP transportation of the field equipment and personnel 
from Cordova, to the field sites in Prince William Sound, (Port Etches, and Snug 
Corner Cove). We will also require a 21ft Boston Whaler or similar boat to conduct 
the field research. In addition we are requesting OCSEAP to provide air support 
for the sea otter population surveys in Prince William Sound 

XV. Management Plan: Briefly describe how you will manage your project. Also 
provide an Activity/Milestone chart. 

Dr. Daniel Costa, Postgraduate Research Physiologist (Associate Investi
gator) shall actively lead and supervise the proposed work with the advice and 
assistance of Dr. G.L.Kooyman. 
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LOGISTICS REQUIRru.IENTS 

Please fill in all spaces or indicate not applicable (N/A). Use additional 
sheets as necessary. Budget line items concerning logistics should be keyed 
to the relevant item described on these forms. 

lNSTITUTIONScrtpp~ Insti.tution of Ocea,n- PRINCIPAL INVESTIGATOR Gerald l, Koo~an 
qgra;phy 

A. ~HIP SUPPORT 

1. Delineate proposed tracks and/or sampling grids, by leg, on a ·chart .. of the area. 
Include a list of proposed station geographic positions. 

Chan Supplted 

2~ Describe types of observatio~s to be made on tracks and/or at each ·grid station. 
Include a description of.shipboard sampling operations~· ne·as specific and com
prehensive as possible. The boat will be used to capture radio tag and truck sea otters .. 
The boat will also serve as our means of tr~nsport to and from Cordova. 

3. lfuat is the optimum time chronology of observations on a leg and seasonal basis 
and uhat is the maximum allm-1able departure from these optimum times? (Key to 
chart.prepared under Item 1 when necessary for clarification.) 

We need the boat from mid June thru August or mid September. 

4. Hat<~ many sea days are required for each leg? (Assume ves~:>el cruising speed of 
14 knots for NOAA vessels. Do not include running time from port to beginning 
point and from end point to port and do not include a weather factor.) 

N/A 

5. Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? 

6. 

7. 

8. 

Approx.imately hmv many vessel hours pet day lvill be required for your observat.j:.ons 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and· sample processing time between s~ations. 

/ 
We need complete automony over boat operation! 

What equipment and personnel l-lould ..YQ\! ~xpect the ·sh:i,p to pr.o~ide? gasoll·ne 
Main outboard motor, and auxillary lli-i:::U np outboard mot'or, gaso11ne tanks, 
in 55 gal drums, gas pump for 55.ga1 cans. 

What is the approximate weight and volume of equipment you will bring? 

Approximately 10 m3 500/kg. 

\~ill your data or equipment require special handling? ___ If yes, please 
describe. 

N/A 
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9. \.Ji-11- you require any gases and/or chemicals? . No If yes, they should be on 
board the ship prior to departure from Seattle or time allowed . for shipment l)y 
barge. 

10. Do you .have a ship preference~ either NOAA or non-NOAA? If "yes"; please name t11e 
vessel and give the reason for so specifying. 

No 

11. lf you recommend the.use of a non~NOAA vessel, what is the per sea day charter 
eost and have you.ver:tfied its availability? . 

12 •. llow many pe0ple must you have onboard for each leg? Include a list of partici- · 
pants. specifically id~t:l.fying any who are foreign-nationals. 

Boat.m\,lst be.capable of'saf(:'!ly transporting 5-.individuals. Daniel Costa Ph.D.; Gerald 
Kooyman,Ph.D and 2 unnamed field assistants 
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B. AII~CRAFT SUPPORT - FIXED YING 

l. Del~neate proposed flight lines on a chart of the area. Indicate desired flight 
altitude on· each line. (Note: If flights are for transportation only) chart 
submission is not necessary but origin and destination points should be listed.)_· · 
5 fl igh.ts from Cordova to Pt.Etches, Hinchinbrook I'sland to brtng in suppl i'es initial-ly 
to re.stock ftel d camp as necessary. (_No ·more than 1 round trip flight every two weeks). 
2: tllghts from Cordova to Snug.;.Corner Cover, Pt. F'1da1go. 

2. Describe types of observations to be made. 
Carry in personnel and fl'eld supplies 

3. What is the optimum time chronology of observations on a seasonal basis and ~·7hat 
is the tnax:illlu:m allot<~able departure from these optimum times? (Key to chart 
prepared under Item 1 ~hen necessary for clarification.) 
The fl ignts will take place during June 15 to September 15. 1979 

!, • llo~v many days of flight operations are required and ho\-T many flight hours per clay? 
7 flight days 
Total flight hours~ 
4 hrs or less per day 

S. Do you consider your investigation to be the principal· one for the flight> 
thus precluding other activities or requiring other activities to piggyback 
piggyback or could you piggyback? 
Only our equipment and personnel can be transported 

6. 'Yhat types of special equipment·are required for the aircraft (non carry-on)? 
N/A 

Yhat are the weights~ dimensions> power requirements, and installation 
problems unique to the specific equipment. 

N/A 

7. l~at are the weights~ dimensions and power requirements of carry-on equipment? 

N/A 

8. l~at type of aircraft is best suited for th~ purpose? 
J 

De ~ai~lund Beaver 

9. Do you recommend a source for the aircraft? Yes 

and 

If "yes", P.lease name the source and the reason for ypur r!':,c.o,mm~nda:tion. 
Sea-Airmotive Cordova .Ak, A private charter allows us t~e .tiexibi 11ty to cnoose 

of our f1 igftts depeudeut upon the ueeds of the exped1 t1on. 
the time and date 

10. \·!hat is the per l1our charter cost of the aircraft? 

11. How many people arc required on board for each flight (exclusive of flight crm-1)? 

Maximum of 4 people. 

12. \fucre do you recommend that flights be staged from? 
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SUPPORT - liELICOPTER 

1. Delineate proposed transects and/or station sdteme on a char.!: of the ar.ca, 
(Note: If flights are for transport of personnel or equipment only from hase 
camps to field camps and visa versa> chart submission is not necessary but: 
origin and destination points should be listed). Field camp site designated on chart 

We need to cover as much of the coastline ·in Prince Willi~m Sound as possible. 

2. Describe types of observations to be made. 

Survey of sea otter populations and habitat types 

3. What is the optimum time chronology of observations on a seasonal hasis and uhat 
is the m~ximum allowable departure ~rom thes~ optimum times? 

15
, 

1978 Observa.t1ons can be made dunng any t1me from: June 15 - August 

4. Ho;,.t many days of helicopter operations are required and hoH many flight hours 
·per day?14 days at 2-3 flight hours per day 

Total flight hours? 35 flight hours 

5. Hm1 many people are required on board for each flight (exclusive of the pilot)? 

6. 

7. 

3 

l-lhat are the tveights and dimensions of equipment or supplies to be transported? 
150 lbs, 2 camera cases, 2" x z• x 3'. 

What type of pelicopter. do ypu reoillltle::nd fordyoJ.Ir.bo:ll.e.r:tat:i.Dns and why? 
The ·Bell 206 1s a Jow no1se a1rcraft w1th goo v1s1 JTil Y ror 
census·work. 

8. Do you recommend a particular source for the helicopter? If "yes"} please name 
the source and the reason for your recommendation. 

No. 

9. Uhat is the per hour charter cost of the helicopter? 

10. \fucrc do you reommeQd th<Jt flights be stRRP.d from? d t fuel or work out ·of 
Cordova as the rna in base, ror sonTe surveys we may nee o· re 
Valdez,Whittier and San Juan Fish hatchery, Evans Island. 

11. \Ifill special navigation and communications be required? 
A 3 person intercom system would be desirable for communication between pilot and 
observerand observer-recorder. 
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Sea Otter Survey Prince WilHam.Sound Alaska 

Proposed flights for sea otter survey assuming 2-3 hours per leg. 
Refer to National Ocean Survey Chart 16700. 

leg 1 ·Hinchinbrook Island 

leg 2 Hawkins Island and Pt. Gravina to Cordova 

leg 3 Montague Island;· Gulf side 

leg 4 Montague Island; Sound side and Green Island 

leg 5 Knight Island 

leg 6 Knight Island 

leg 7 Cape Puget to Whale Bay1 Bainbridge, Evans, Erlington and Latouche Island• 

leg 8 Whale Bay to Kings Bay 

leg 9 Kings Bay to Whittier 

leg 10 Whittier thru College Fiord to Esther Island 

leg 11 Esther Island to Columbia Glacier; including Glacier Island 

leg 12 Columbia Glacier to Valdez 

leg 13 Valdez to Pt. Gravi·na 

leg 14 Naked Island and Perry Island 

Total projected flight time 35 hrs., pllowing 14 days to complete survey. 
. I 
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Activity/Milestone Chart 

October, 1978 
Renewal of the contract. 

October 1978 to May 1978 
·complete analysis of metabolic data, prepare 
and finish construction of depth-recorders. 
field season. 

June-September 1979 

radio telemetry collars 
Prepare equipment for 

Field research on sea otters in Prince William Sound, Alaska: 
September 1979 

Prepare final.report. 

XVI. Outlook: Assuming that the research proposed for PY78 is successfully 
carried out~ please outline the remainder of the research effort which 
is required to complete the work or to reach the first major plateau 
of accomplishment before changing direction. This should be less de
tailed than the PY78 proposal~ but should inalude a rough estimate of: 

1. The nature of the final results and data produqts. 

The final results of this project will yield an assessment of the 
impact of crude oil contamination on free-ranging sea otters. These data will 
be integrated with our quantitative physiological information to give an overall 
synthesis of the effects of oil contamination on sea otters. 

2. Significant milestones. 

A. Completion and analysis of the general metabolic data. 
B. Construction of dive-depth recorders. 
C. Acquisition of all necessary field equipment. 

D. Field: 
1. Successful radio tracking of 10 control animals 
2. Successful tracking of 5 ~xperimental animals 
3. Successful recovery of 5 depth-recorders 
4. Time permitting move to Snug Corner Cove to continue work 

with depth recorders 
E. Preparation of final report. 

3. Cost by fiscal year. 

About $52,733./year. 

4. Additionai major equipment required. 

Depth recorders 
Radio-telemetry receivers and diqital scanner 
Telemetry transmitters 
Event recorders 
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5. Loaation of future field efforts (if appliaable). 

Prince William Sound, Alaska 

6. Logistias requirements~ if they are expeated to differ greatly 
from FY?B. 

Transportation of field equipment from Cordova Alaska to field sites 
at Pt. Etches (Prince William Sound,Ak.}. From Pt. Etches to Snug Corner Cove 
from Snug Corner Cove to Cordova. We will need a boat to conduct our research 
from June 15, 1979 thru August 15, 1979. Preferably we would like a 21 ft. 
Boston Whaler, with a canopy. A boat of this type is absolutely necessary for 
completion of this project. In addition we will require 55 gal. drums delivered 
to our field camps at Constantine Harbor and Snug Corner Cover. The number of 
oil drums will depend on the type of boat supplied. 

We will need a helicoptier or fixed wing aircraft to survey the sea otter 
population in Prince ~Jilliam Sound. We would prefer a helicopter due to the 
greater visibility and ease of counting animals. Ideally helicopter should be 
available at the beginning of the field project. 

XVII. 1. Updated Activity/Milestone/Data Management Charts will be submitted 
quarterly. 

2. Quarterly reports will be submitted in sufficient time during the 
contract year to be in OCSEAP hands by the first day of January, 
July, and October, annual reports by April 1. The Final Report will 
be submitted within 90 days of the termination of the contract. 

3. Where biota are concerned, all species and'higher categories will 
be represented by the voucher specimens that will be preserved, 
labelled, held, and shipped to an official OCSEAP-designated re
pository in conformity with OCSEAP.voucher specimen policy. Vouchering 
will include life history stages (e.g., larvae, juveniles, adults} 
when these are used, and sexes where these are morphologically dis
tinguishable. 

4. At the option of the Project Office the PI (or Associate Investigator} 
is prepared to travel to the Project Office at least twice during the 
contract year to review project status and progress. Such reviews will 
be scheduled on dates mutually satisfactory to both parties. It is 
understood that costs of the travel and per diem for these trips 
will be borne by the Project Office. 

5. D.ata will be provided in the fofm and format specified by OCSEAP, 
accompanied by a data documenta'tion form (NOAA 24-13). 

6. Data will be submitted within 120 days of the completion of a cruise 
or 3 month data collection period, unless a written waiver has been 
received from the Project Office. This does not apply to report re
quirements (see par. 2). 

7. Within 10 days of the completion of a cruise or data gathering effort, 
a ROSCOP data collection inventory form (NOAA 24-23} will be submitted 
to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract termination. 
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9. Three (3) copies of all publication or presentation manuscripts per
taining to technical or scientific material developed under OCSEAP 
frunds will be submitted to the appropriate Project Office at least 
sixty (60) days peior to release for information and for forwarding 
to BLM. The release of such material within a-period of less than 
sixty (60) days shall be made only·with prior written consent of the 
Project Office. News releases will first be cleared with the appropri
ate.Project Office. 

10. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship. The following acknow
ledgement is standard. 

11 This study was supported by the Bureau of Land Manage
ment through interagency agreement with the National 
Oceanic and Atmospheric Administration, under which a 
multi-year program responding to needs of petroleum. 
development of the Alaskan continental shelf is managed 
by the .Outer Continental Shelf Environmental Assessment 
Program (OCSEAP) Office. 11 

D. Cost Proposal (See Attached form) 
Cost-reimbursement or cost-plus-fixed-fee type contract is contemplated. 
The Government reserves the right to determine and select the final 
contract type, and effect any such negotiations as the Contracting 
Officer may conclude are necessary. The OCSEA Program operates on a 
Federal Fiscal Year (October 1 thru September 30 of the following year). 
Normal funding procedure will be on a 12 to 18 month basis. Budgets sub
mitted for work other than a 12-month period (i.e. work spanning fiscal 
years) must be broken out to show funds required to each Federal Fiscal 
Year. If this research unit is utilizing non-federal government-owned 
equipment which has a high risk of loss, you may budget for replacement 
equipment to cover against possible loss. This equipment must be 
separately listed and budgeted. (Approval to purchase replacement equip
ment must be received from the Project Office.) 
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RF;,:lll-71-698 

!:;i:..(' 2 0 i~/.~ 
Dr. Gerald Kooyman 
Dr. Daniel P. Costa 
Scripps Ins~dtution of Oceanography 
l.iniver3ity of California, S~m Diego 
La Jolla, (:A 92093 

Reference: OCSI.:AP RP.search Unit 71 

Dear Drs. Kooym::~.n and Costa: 

Your FY 79 reneval proposal, ep.titled '!Effects of Oiling on Sea O:::ter:J 
iu Hature", has been reviem~d by th<:! Juneau Project Office. The proposal 
is approved at a fu."'lding leV"el of $52,773, contingent upon your agrea::ant 
to the following revisions. 

A. Section V, Objectives, should be re~•ritten as follm.rs: 

1. To stwlyze the responses of an otter \vhich becomes covered 
wlth crude oil after a spill. Specifically, 

a, To deterr.d.ne if death from exposure J.s irainent following 
contamination of up to 25 percent of tha otter's surface area~ 

b. If death does not occur, to determine whether noma! 
activity patterns (resting, foraging, grooming) are altered; 

c. If normal activity patterns are altered by oiling, to 
detemine the time required for them to return to norro..:\1. 

2. To.record the normal diving patterns of free ranging sea 
otters, \lith respect to the depth of subtidal habitats utilized, 
l-thich J:Jight be effected by an oil spill. 

3. To drm-7 conclusions, on the basis of existing information 
about Alaskan otters and the experiments conducted :l.n this RU, 
about i 

I 

' 

a. the number of otters likely to be killed directly from 
oiling, per kilometer of oiled coastline or square kilometer 
of nearshore a~ea; 

b. the survival potential of otters that are residents of an 
impacted area but escape direct contamination or are oiled 
only to a sublethal degree. Given the!-:.- fe~dinp, behavior and 
rang~, and the conceatrations of otte-rt'> in Alaska, ldll these 
otters be able to find enou:r,h food in the impacted area to 
ueet ::~etabolic <km~ands, or to rcest.abli5h ther.JSelves in m1 
adjacent area? 
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c. potential to capture and rehabilitate oiled otters. 

!3. Under Section VI, General Strat~gy, No. J (relating to Objective 3) 
should be rewritten as follm-1s: To determine the nu1nber of: sea otter3 
liLely to be inpacted by oil, the information collected unde-:- objectives 
(l) and (2) \lill be correlated \dth k.'lo•,.,ledge of the location and den::;1ty 
;:_f: Gea otters along the Alaskan coa3tline. For the Prince Hilliam Sotmd 
acea, an ass~ssment of the sea otter population vill be r.11ade by helicopter 
or fi:,ed ,.,ing plane. The coastline ~.fill be visually observed nnd the 
number of sea otters recorded on U. S. Coast and Geodetic Survey chart::;. 
f·.)t" the Lo11er Cook Inlet and Kodiak/Southern Be:d.ng areas, the s?.a ott,~r 
IH);H!lation::> ~vill be nssassed using existing informat"ion, includi:1g th::!.t 
collected by OCSEAP RU' s 240 and 241. Thus, the thoroug'hn~as and ac.::ure~cy 
of the assess:::0.nt for these areas \vill depend on ,the quality of the 
existing infoJ.:-mation. 

C. Section X, Deliverable Products, should be ret.rritten ns follm.JS: 

This project will produce a final report containing 

1. All experimental procedures used during (a) evaluation of tha 
effects of oiling on c:-cygen uptake in California otters maintainecl 
at Scripps; {b) evo;.~_uation of alterations in Alaskan sea otter 
behavior caused by oiling in th~ field; 

2. analysis of the cffectB of oiling on o~cygen uptaice in conf:tn?.d 
California otters, and the reduction in survival ability of th~s.:;, 

otters ~~ a result of oiling. 

3. conclusions regarding (a) the likelihood that Alask::m otters 
oiled :.tn the wild l-7ill die immediately, and (b) if not, nny changa3 
in their normal activity patterns, caused by oiling anrl the effects 
these changes nay have on their longer-term survival potential; 

4. assessment of the sea otter populations in the Prince Hilliam 
Sound area. and to the greatest extent possible given the quality 
of existing information, of the populations in LC\.fer Cook Inlet, 
Kodiak, and the southern Bering areas, 

5. Conclusions regarding the nu::aber of ott~rs likely to be impacted 
by oil in these areas, either through direct death or displaceQent 
from thair normal h3bitats. 

D. The cost proposal should be alte:ced as follO\vs: 

1. Under CPF-2. car rental for four days should be increased from 
$100 to $300; 
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2. uncler CPF-3, th<! tent should be increased from $500 to $600; 

3. Under CPF-3, the 12-gauge shotgun should be deleted. OCSEAP 
',rill pro'\·ide, ona. 

The final fut~ding c.ornni:::mant and level are contingent on approval of the 
FY 79 OCSEAP budget by the Bu:ceau of Land Hanagement. 

If you have questions concerning any of the above guidance, please phone 
Loi.s Killet~lch in the June,:m Project at Office(907)536:..tz•l•l. 

Your lcttc.c agreeing to these e:hangc:s nust be sent to and received i;;t 
t:h,:! Juneau P-.::ojact Office, with a copy to Boulder, no later than 5epte;nber 
23, 1978. It there are extenuat:lng circu:mst.ances t.Thich prevent you fl.·om 
11~e.1:.ing this schedule, plcaase phone the Project Office. 

Upon receipt of you \.-.ork statelllent., revised in accordance >Yith the above 
guidelines, v~ tv-ill initiate contracting procedures for J."Y 79. I look 
forward to your continued involvement in our program. 

Sincerely, 

H.::!rbert E. Bruce, Ph. D. 
Bering Sea-Gulf of Alaska Project Hanager 

cc: Program Office 
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Title: Lethal and sublethal effects on select~d Alask)al!l ma:rin'e species 
after acute and long-term exposure to oi1. and oil components. 
OCSEAP Research Unit #72. 

Principal Investigators: 

Stanley D. Rice 
John F. Karinen 
Sid 'Korn 
(in collaboration with William D. Macleod) 

Total Cost of Proposal: $135.0k 

Period of Work: October 1, 1978 to September 30, 1979. 

Institution and Depar~~ent: 
Auke Bay laboratory, Northwest and Alaska Fisheries Center, 
Physiology-Bioassay Section (in collaboration with the NOAA 
National Analytical Facility in Seattle, Washington under 
the Direction of Willi am D. ~lacleod). 

Required Signatures: 
. . 

Principal Investigators 

Name ~A ,O~.Q~Date July 25, 1978 

Name JU. [/;{1-i:£:. Date ==J:u:ly=·=z=5:. =1=9=78====== 

Name ~ ~ Date ..........;:;.J..::..ul:...y_2=5...:..,-'l-=-97:....::8:...._ __ 

Address: NOAA, National Marine Fisheries Service 
Auke Bay Laboratory 
P.O. Box 155 
Auke Bay, Alaska 99821 

Telephone Number: 789-7231 

Requ1 red Org?J}ljiy" ~ r;;(l _j 
Nam~ DateZSJ~ 7f) 
Address:· · 

Telephone Number: 

Organization Financial Officer 

Name ________ Date _________ _ 
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Technical Proposal 

I. Title and Task Statement N~mber 

Lethal and sublethal effects on selected Alaskan marine species after acute 
and long-term exposure to oil and oil components. 
OCSEAP Research Unit #72. 

II. Principal Investigators 

Stanley D. Rice 
John F. Karinen 
Sid Korn 

III. Cost of Proposal 

A. Science 
B. Logistics 
C. Tota1 
D. Geographic distribution 

$135k 
-0-

$135k 
Not Applicable 

IV. Background: Toxicity and uptake-depuration tests have been completed 
at our lab with several subarctic species. The subarctic species are 
generally more sensitive than similar species in warmer environments. 
Temperature is suspected to be the major cause rather than specific 
differences because temperature has been found to affect the .persistence 
of oil in static bioassays and to affect the p~ysiological response of the 
animal. The animals respond differently to te~perature (e.g., pink salmon 
fry were more sensitive at lower temperatures while shrimp were more sensitive 
at higher temperatures) and not equally to each component of the WSF. 

Much less is knovm about the response of arctic species to oil, since 
arctic species have rarely been tested in quantitative bioassays. From our 
earlier temperat_ure-oil studies \llith subarctic species, we think that several 
of the arctic species may be far more5ensitive to the oil than subarctic 
animals, because of the temperature differences between subarctic and 
arctic environments. This proposed study will test the sensi-tivity of 
selected arctic species to oil HSF and pure arorr:.atics at normal arctic 
temperatures. Uptake-depuration tests will also be conducted. Ultimately, 
we plan to assess the relative vulnerability between subarctic and arctic 
species. 

The proposed studies are basically contin~ations of our previous 
contract but with a~ctic species; He have chosen the approach of collecting 
arctic animals and transporting them to. our faci 1 ity at Auke Bay, rather 
than attempting to establish a field station and 1~et lab in the arctic 
environment. This approach has the advantages of lovter cost, availability 
of immediate chemical and isotope analyses, and the utilization of elaborate 
flow-through dosing devices with a proven record of successful functioning. 
In 1976 we successfully transported several species of arctic fishes from 
Nome, Alaska to Auke Bay for testing and desonstrated that transportation 
of arctic species is feasible. 
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V. Objectives: ~/e have developed objectives around three major themes. 

A. Acute Toxicity: We will determine 'the acute toxicity of oil and 
oil comoonents to representative arctic organisms and determine effects 
of low arctic temperature on toxicity (1.5 man years). . 

1. · Determine the toxicity of Prudhoe Bay HSF, toluene, and 
naphthalene on about 10 species of arctic organisms including fish (3-4 
species), shrimp (1~2 species)i crab (1-2 species), other crustaceans 
(2-4 species), echi~oderms (1-2 species), and ~olluscs (2-4 species). 
Tests will be flow-through. (Target species include: Fish - Boreogadus 
saida, Eleginus navaga, f1Yoxocephalus quadricornis, Liopsetta glacialis 
or Platichthys stellatus; shrimp- Pandalus sp., Crangon sp.; crab
Chionoecetes opilio, Paralithodes camtschatica or Pagurus sp. or Hyas 
Qyratus; other crustaceans - Thysanoessa raschii, Saduria entomon, Mysis 
relicta, Onisimus littoralis; molluscs- f.lacoma sp., Mya sp., Natica sp., 
Buccinum sp., Neptunea sp.; echinoderms- Strongylocentrotus pallidus). 

2. Determine effects of extreme summer and winter temperatures 
on the sensitivity of at least three species of arctic organisms (one fish, 
one shrimp, one mollusc) exposed to toluene, naphthalene, and oil WSF. 
Tests will be fl ow-th~ough. (Target species include: Boreogadus sa ida, . 
Pandalus sp., and Nat1ca sp.).. · 

B. Long-term Toxicity Studies:· We will determine tolerance of 2-·3 
species to naphthalene and oil WSF using long-term flow-through exposures 
with stable concentrations. (1.4 man years). 

1. Determine the survival of one species ~ach of arctic fish, 
shrimp, and mollusc exposed to naphthalene and oil WSF. Exposures will 
be flow-through for 25-40 days. Size, ability to feed, response to 
handling, number available will determine the final species choice. 

C. Uptake-and Depuration Studies: We will determine the accumulation 
and depuration rates of oil and oil components at arctic temperatures with 
arctic animals (1 man· year). 

1. Isotopes: At different temperatures, determine the accumulation 
and. depuration of radiolabeled toluene and naphthalene in three arctic 
organisms (one species of each of fish, .shrimp, and mollusc). Tests may be 
static, but dose levels will be constant. Key tissues will be sampled and 
total metabolites determined. · 

2. Oil v/SF: At one representative loh' temperature, determine 
the uptake-depuration of several aromatic hydrocarbons analyzed by GC-MS 
by NAF in Seattle. Oil exposures will be flow-through and for at least 
10 days. Metabolite concentrations may be deter8ined. 
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VI. General Strateg~ and Approach: The seasonal availability of animals 
is quite limited, an forces this research effort to be primarily a summer 
project. Consequently, the first two quarters of the fiscal year will be 
limited to planning logistics, preparation for field collecting, and maxi
mizing our chilling capacity at the lab. We have based our cost estimates 
on the assumption that we will work through the Naval Arctic Research 
Laboratory (NARL) at Barrow. (Other alternatives such as working with 
ADF&G at Nome or Prudhoe Bay wi 11 be investigated). As soon as the ice is 
out of.nearshore lagoon areas, we will send a collection crew of 2-3 people 
to Nome or Barrm'l or. Prudhoe Bay for approximately 1-2 weeks; collection 
will be repeated each month of the summer. The area around Nome has a . 
limited lagoon area where we have previously collected animals. A few species 
can be collected there a few weeks before the lagoon areas at Barrow are ice 
free. Animals will be collected by small otter trawl, shrimp pots, and diving. 
Animals will be shipped in insulated boxes at low temperatures with battery 
powered aeration. Daily flights from Barrow make possible transit times 
of less than 10 h to Juneau. Shipments will be accompanied by one person to 
insure smooth transfer of the cargo to the·Anchorage-Juneau flight. The wet 
lab will be modified to maximize our water chilling capabilities for holding 
and exposing animals at low temperatures. Vie can chill 25 gpm to 4°C in 
August, and most animals can be held at required low temperatures for 
3-6 months. Experiments will begin in June and proceed through September 1979. 

When the animals arrive, the acute toxicity will be tested, followed by 
uptake-depuration experiments on selected species. Finally, survival to 
long-term exposures will be examined. The results of these studies will 
be compared to similar studies on subarctic animals and conclusions drawn 
on relative vulnerabilities of arctic vs subarctic animals. 

VII. Sampling Methods: Not applicable to laboratory tests. 

VIII. Analytical Methods: 

1. WSF: 

a. Gas chromatography--Cheatham et al. in preparation. 
Standard type GC method, but our column has been 
run in the GC-MS system at Seattle for verification 
of output. 1 

b. Gas chromatograph--mass spec. Macleod. 
(Seattle lab may run some samples if needed). 

c. IR analyses by Gruenfeld 1973. 

2. Pure compounds: (Toluene, naphthalene) 

a. UV spectrophotometry. (Neff and Anderson 1975) 

3. Isotopes of pure compounds by liquid.scintillation. 
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4. Tissue analyses: 

a. Isotopes by liquid scintillation. 
Total metabolites determined by cethod of Roubal. 

b. GC-MS for tis~ues exposed to WSF. 
(Seattle lab--MacLeod) 

IX. Anticipated Problems: The greatest potential problem is acqu1r1ng 
sufficient numbers of organisms of the required age and size for extensive 
testing. Logistics, travel costs, and winter ice conditions will preclude 
reconnaissance trips to the field collecting sites to see what's there and 
test collection methods by trial and error. Extensive planning is required, 
and many contacts with local residents and scientists with previous arctic 
experience in the area will be made before spring. The target species 
identified are the priority animals that we will attempt to collect, but 
it may be impossible to collect sufficient numt:ers of each. He have had 
considerable experience collecting a variety of r:oncommercial species and 
do not expect insurmountable problems with collecting a variety of species 
in the nearshore area. To minimize these prob1ecs we will send experienced 
animal collectors to the field, and utilize local expertise for advice on 
locations for collecting. We will attempt to coilect target species in the 
nearshore areas, and if they are not available, we will rely on alternate 
species. We will investigate the feasibility of offshore collecting of 
species not available nearshore; suitable large vessel logistic support may 
be required. 

The transportation logistics, are relatively simple, and have been 
worked out. We have transported fish, crabs, shri~p. and lower invertebrates 
great distances (up to 48 h) with little problem so long as the animals are 
packed correctly and somone insures that the shipment makes the plane 
connections. We will use insulated boxes, bat:ery-operated air pumps, 
ice, and plane connections using less than 10 h of transit time. 

The studies· we propose require no R&D; the flow-through devices have 
been tested, and biological measurements have been done before. 

X.· Deliverable Products. In addition to required quarterly and annual 
reports, our data will be presented in scientific journals as reviewed 
publications. 

XI. Information Required from Other Investiga:o~s: We require specific 
information on organism abundance and distribution in the arctic from 
other OCSEAP investigators and will solicit advice from NARL and OCSEAP 
scientists on collecting techniques and locations. We have and will 
continue to have coordination meetings and infJr:-;ation exchanges with the 
Seattle NMFS Lab (Malins, RU #73), Tiburon Lab (~hipple; RU #389), and 
with Anderson (RU #454). 
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XII. Quality Assurance Plans: Our gas chro~4tograph column and WSF have 
been run in the GC-MS system at Seattle (Macleod). Any new procedure or 
column will be verified through the SeattJe Lab. 

XIII. Special Sample and Voucher Specimen Archival: We will continue to 
archive samples of newly tested species in case the taxonomy becomes a 
problem at a later date. 

XIV. Logistics Requirements: See anticipated problems. lf we work out 
of Barrow, we will arrange with NARL for lodging, boats, and other logistical 
support. If OCSEAP requires tests with arctic cod and euphasids, offshore 
trawling may be necessary. This plan makes no provision for offshore logistic 
support by large vessel. 

XV. Management Plan: We currently plan our projects at three levels. At 
the Genefal level, as in proposals such as this, objectives are stated~ and 
enough planning to determine feasibility, costs, and allocation of resources. 
Detailed Plans are drawn for each individual study. Experimental details 
are g1ven:-as-well as logistical problems with space, collection of animals, 
personnel, etc. These plans are reviewed by our senior staff (Karinen, 
Rice, Korn, Lindsay, and others) to see if the plans are adequate, feasible, 
scientifically sound, and compatible with the use of the available facilities. 
Weekly Meetings schedule the next week 1 s activities and coordinate the .. 
chemistry laboratory analyses with the wet laboratory tests. Allocation 
of support help is made at this time. 

Individual laboratory technicians are all monitored by a senior staff 
person. Some functions are specialized, such as water analyses. We 
operate four service functions within our section: chemistry laboratory 
analyses (quality control by Lindsay); wet laboratory mix generation-cleanup 
(quality control by Korn); animal collection for all tests coordinated 
through Budke; and data management-statistics by computerized probits done 
by Misch. · 

Detailed Plans for each study are due 60 days before the study begins 
and no later than December 15. This allows ample time for specialized 
construction, ordering of materials, and ~cheduling of experiments. When 
a unit of work is completed, a report wi~h ~ethods and results is due 
within 2 weeks. Manuscript assignments are th~n made. 

XVI. Future Research Needs: The need for acute toxicity scans will have 
dwindled considerably once the arctic species have been. tested.·.· There 
will still be a need for finding concentrations that are harmful but 
sublethal, and these tests will require flo~t-through exposures for-Tong 
periods of time. y/e believe.that the experiments involving temperature 
and salinity have only scratched the surface. The effects of temperature· 
vary considerably with the toxicant and the species. There is a continuing 
need for further studies on synergistic effects between different oil 
compounds and between compounds and environ~ental temperature-salinity 
interactions. The single most important need for laboratory studies is 
more long-term studies. Are the concentrations that cause adverse effects. 
in long-term studies substantially lower than those that cause adverse 
effects in short-term studies? 
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XV. Milestone Chart 

I. FY 78 Research Goals 

II. FY 79 Research Goals 

1st. quarter 

A. Planning, logistics, 
animal collection 

contact NARL 
plan logistics 

B. Acute Toxicity 
1. Determine the toxicity 

of oil components on 
arctic animals 

2. Determine effects of 
toxicity of oil and 
oil components to 
arctic animals 

C. long-term Oil Exposures 
1. Determine survival to 

long-term oil exposures 

D. Uptake and Depuration Studies 
1. Determine accumulation 

and depuration in arctic 
animals 

2. Determine effects of 
temperature on uptake 

2nd. quarter 3rd. quarter 4th quarter 

Manuscript Synthesis 

Assemble Collect animals Colle.ct animals 
collection gear 
modify wet lab 
for max. chilling 

Begin Tests · Tests 

Test 
~ 

Start Tests 

Begin Tests 



I . 

i'' 

9 

There is a need to verify the acute and sublethal effects of oil 
exposure in the field. Although controlled spills are one means of obtaining 
this information they are costly and approval is difficult to obtain. 

Certain controlled field experiments can provide specific data on growth, 
survival, settling success of larvae, and avoidance of oil contaminated areas. 
The need to determine the settling success of invertebrate larvae is 
especially important. It is our plan to app1y the concepts-of placing 
movable control and contaminated substrates into the field to monitor 
settling success and avoidance, and of collecting substrate from the field 
with recently attached invertebrates which will be exposed to various oil 
concentrations and returned to the field to D.onitor survival and growth. 
The latter type of exposure duplicates a situation \•thich may happen in 
many spills where exposure to oil is of short duration. The relative 
abilities of settling organisms from various clean and contaminated areas 
to survive oil exposures could also be tested by this means. 

XVII. 1. Updated Activity/f~ilestone/Data t·1anagement Charts will be 
submitted quarterly. 

2. Quarterly reports will be submitted in sufficient time during the 
contract year to be in OCSEAP hands by the first day of January, July, 
October, annual reports by April 1. The Final Report \'/ill be submitted 
within 90 days of the termination of the contract. 

3. Where biota are concerned, all species and higher categories will 
be represented by the voucher specimens that will be preserved, labelled, 
held, and shipped to an official OCSEAP-designated repository in conformity 
with OCSEAP voucher specimen policy. Voucherir:g will include life history 
stages (e.g., larvae. juveniles, adults) when they are used, and sexes 
where these are morphologically distinguishable. 

4. At the option of the Project Office tr.e PI is prepared to travel 
to the Project Office at least t\'/ice during the contract year to review 
project status and progress. Such reviews v1ill ce scheduled on dates 
mutually satisfactory to both parties • .It is understood that costs for 
the travel and per diem for these trips will be borne by the Project Office. 

) 
I 

5. Data wi 11 be provided in the fo,rm and fom.at specified by OCSEAP, 
accompanied by a data documentation form (NOAA 24-13). 

6. Data will be submitted within 120 days of the completion of a cruise 
or 3 month data collection period, unless a i~ritten waiver has been received· 
from the Project Office. This does not apply to report requirements 
(see par. 2). 

7. Within 10 days of the completion of a cruise or data gathering 
effort a ROSCOP data collection inventory for·m U10M 24-23) will be submitted 
to the Project Data Manager. 

8. Title for all property purchased v1ith OCSV.P funds remains vtith 
the U.S. Government pending disposition at contract termination. 
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9. Three (3) copies of all publication or presentation manuscripts 
pertainin'g to technical or scientific material developed under OCSEAP funds 
will be submitted to the appropriate Project Office at least sixty (60) 
days shall be made only with prior written consent of the Project Office. 
News releases will first be cleared with the a?propriate Project Office. 

10. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 
acknowledgement is standard. 

11 Thi s study \'las supported by the Bureau of Land 
Management through interagency agree~ent with the 
National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to 
needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer 
Continental Shelf Environmental Assess~ent 
Program (OCSEAP) Office. 11 

. 207 



TO: OCSEAP 
Bering Sea-Gulf of Alaska 

· Project Office 
Juneau, Alaska 

Proposal/Revision Date: 6/22/78 
Contract #: R 7120819 
NOAA Project #: pl]6aA/&8C¢l.l 
Institution ID#: fiUl(lft)fY -

FY 1979 RENEWAL PROPOSAL 

Research Unit Number 73 
TITLE: Sublethal Effects of Petroieum; Including Biotransformations, as 

Reflected ·by Morphological, Chemical, Physiological, Pathological, 
and Behavioral Indices · · 

Cost of Proposal: $258.0 i< lease Area: Non-Area Specific. lab. Studies 
Period of Proposa·l : October 1 , 1978 through September 30, 1979 

PRINCIPAL INVESTIGATOR{S): 

Date Gb:z../z!' 
-::"r.-:'-:::::~~~~~~~~~~~~~~~CJ~~~~;~=;~:~~~ t , 98112 ' 

FTS: 399-7737 · 

·~----:,.~~~~~~Date ·-(Q~~~(7$ 
98112 

FTS: 399-4638 

Name , NEVA L. KARRICK Date -~ape 
Signature ~~- ?. 9t:_~ = 7 
Address: 27ftMOiitlake BOUlevarctEaSt, Seattle, WA 98112 
Telephone Number: 442-7737 FTS: 399-7737 

Name 
S i gn-::-a t-.-u-:"r-=e---t~H ~~~~~-es-----Date (p(zz./16 
Address: ont 
Telephone Number: 

INSTITUTION: 

8112 
FTS: 399-7740 

Environmental Conservation Division, Northwest and Alaska Fisheries -
Center, National Marine Fisheries Service., National Oceanic and 
Atmospheric Administration / 

REQUIRED ORGANIZATION APPROVAL: 

Namet'nAYTON L. ALVEiZh Date 6'/z6/7J1 
Signature <?. ;??, !____:::_.;zf:-~ 
PositiOn Djrectar,Nartbt.rest & Alaska FjSberies Center 
Address 2725 Montlake Blvd East, Seattle WA 98112 
Telephone Number 206/442-4760 · 

ORGANIZATION FINANCIAL OFFICER: 

Name Edward B. Eshe· Date 
Signature N A ------
Position Budget Officer, National Marine Fisheries Service, NW Region 
Address Westlake Avenue North Seattle WA 98109 
Telephone urn er 206/442-1760 

208 



3. Technical Proposal · 

I. TITLE: Sublethal Effects of Petroleum, Including Biotransformations, 
as Reflected by Morphological, Chemical,. Physiological, 
Pathological, and Behavioral Indices 

RESEARCH UNIT NUMBER: 73 

CONTRACT NUMBER: R7120819 

. PROPOSED DATES OF CONTRACT: October 1, 1978 to September 30, 1979 

II. PRINCIPAL INVESTIGATORS: 

Donald C. Malins, Ph.D., D.Sc. 
Harold 0. Hodgins, Ph.D. 
Neva L. Karrick, M.S. 
Douglas D. Weber, M.S. 

III. COST OF PROPOSAL: 

A. Science: 258.0 
B. N/A 
C. Total: 258.0 
D. Non-area spe.cific laboratory studies 

IV. BACKGROUND 

The research outlined in this proposal represents an interdisciplinary 
investigation of effects of petroleum on marine species. Included are 
studies to detect pathological changes resulting from exposure of juvenile 
flatfish to 11Weathered 11 -oil-tontaminated sediment--including an examination 
for eye lens aberrations previously observed in salmonids; analyses of 
hydrocarbons in sediments and interstitial water to which flatfish are 
exposed; analyses of hydrocarbons and their metabolites in tissues of 
exposed fish; and studies of effects of 11Weathered 11 oil on development of 
eggs and larvae of salmon and flatfish. 

It is now well .established that a wide variety of aquatic organisms are 
able to take up petroleum hydrocarbons directly from water, via dietary 
routes, and from sediments (Roubal et al. 1977, Sanborn and Malins 1977, 
Varanasi et al. l978a, McCain et al. 1978, Collier et al. 1978). Similar to 
terrestrial animals (Sims and Grover 1974), most aquatic vertebrate organisms 
are known to possess enzyme systems that convert petroleum hydrocarbons into 
oxygenated metabolites (Varanasi and Malins 1977, Malins 1977, Bend and 
James 1978). The ability to biotransform and dispose of potentially toxic 
compounds, such as those present in petroleum, may affect the long-term 
survival chances of an organism threatened by petroleum pollution. More
over, since the covalent binding of polynuclear aromatic hydrocarbons (PAH) 
or their metabolites to cellular macromolecules (e.g., DNA) is implicated in 
mutagenesis and carcinogenesis, a detailed knowledge of the metabolism of 
PAH in marine organisms is essential in determining the potential conse
quences of petroleum pollution. 
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It is evident that certain important marine species may be especially 
susceptible to petroleum pollution and should be particularly investigated. 
For example, starry flounder (Platichthys stellatus) accumulated substan
tially more hydrocarbons than did coho salmon (Oncorhynchus kisutch) when 
both species were exposed to an equal concentration (~1/2 ppm) of the sea
water-soluble fraction of Prudhoe Bay crude oil for two weeks (Roubal et al. 
1978). Furthermore, starry flounder and rock sole (Le ido setta bilineata) 
were shown to be able to extensively metabolize naphthalene Varanasi and 
Gmur 1978, Varanasi et al. 1978b). Several sites (e.g., liver, skin, gills, 
bile, and brain) have been pinpointed where hydrocarbons and their metabolic 
products accumulate in exposed organisms. This information will be used in 
the proposed studies to assess any observed abnormalities resulting from 
exposure of flatfish to sediments containing petroleum. 

Only a few experiments dealing with long-term pathological effects of 
petroleum on marine fish are reported in the scientific literature. In 
OCSEAP-supported studies in our laboratory when flatfish were exposed to 
crude-oil contaminated sediments for periods of .2 weeks to 4 mo, three main 
effects were observed (McCain et al. 1978). Two of the effects were liver 
abnormalities and hematological changes. The third effect was loss of body 
weight, which resulted in emaciation and morbidity in some cases. Addi
tional unpublished preliminary experiments have demonstrated the following: 
{1) three species of flatfish [starry flounder, rock sole, and English sole 
(Parophrys vetulus)] were found to accumulate hydrocarbons from sediments to 
similar levels; and (2) English sole exposed to sediment with a high silt 
content, containing Alaskan crude oil [total extractable hydrocarbons (TEPH) 
1,900 to 2,300 vg/g dry weight] had detectable levels of hydrocarbons in 
tissues only slightly above background. However, some of these oil-exposed 

.fish had severe liver abnormalities, suggesting that sediment-derived petro
leum compounds or their metabolites at extremely 1 ow concentrations,. or com
ponents which are not being detected or defined by the analytical methods in 
use, may cause pathological effects in flatfish. 

A few pathological effects resulting from long-term exposure of marine 
fish to petroleum have been reported by others. Payne et al. (1978) main
tained cunners (Tautogolabrus adspersus) in (an undetermined concentration 
of) the seawater-soluble fraction of Venezuelan crude oil for 6 mo. After 
this time the exposed fish had no detectable histopathological changes, but 
an increase in eye lens diameter and decreases in plasma chloride and testis 
weight were observed. In work with mullet (Mugil cephalus) in estuarine 
ponds containing spilled crude oil, Minche~ and Yarbrough (1977) reported 
that the oil-treated fish had a much high~r incidence of fin erosion after 2 
to 7 weeks exposur.e than did controls. Mthough the fin erosion was thought 
to involve a bacterial infection, the incidence increased with oil exposure. 

In the present proposal, examinations for pathological effects of long
term exposure of flatfish to oil-contaminated sediment are scheduled to 
continue. Emphasis during this contract period will be on juvenile flat
fish, and effects of 11Wea the red 11 oi 1 wi 11 be exp 1 ored. 

Trout (Salmo airdneri), fed high doses of petroleum {1 g petroleum 
added to 1 kg food , showed severe changes in lens structure (Hawkes 1977, 
Hawkes and Gazarek, in preparation). Hydration of lens fibers and struc
tural changes in the lateral projections of individual lens fibers were the 
first detectable alterations. Subsequently the interdigitating surfaces of 
the fibers separate from adjacent lateral projections or lose contact 
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between fiber cell membranes. Eventually, intercellular organization degen
erates and the gross appearance of the lens is cloudy, i.e., cataracts are 
formed. Cataract formation has been observed in 60% of trout fed the high 
dose of petroleum for 2-1/2 years (Hawkes and Gazarek,- in preparation). 
Similarly, in laboratory studies with mammals, particularly rabbits, naph
thalene was found to cause cataracts, which were preceded by lens hydration 
(Van Heyningen and Pirie 1967). 

Early lens changes (i ;·e., hydration) can be monitored by measuring lens 
diameters of exposed fish and comparing these with lens diameters of unexposed 
fish. An increase in volume as great as twofold has been reported (Hawkes 
1977). . 

Several questions remain unresolved concerning fish lens damage from 
petroleum, which include: (1) additional species that are affected, (2) 
threshold concentrations of petroleum components and the exposure conditions 
implicated, (3) the mechanisms by which the causative factors induce the 
lens changes, and (4) the significance of the lens aberrations to survival 
and well-being of affected individuals and species. In work proposed for 
study this contract year one or more species of flatfish will be studied to 
extend knowledge of affected species and of the types of exposure conditions 
and threshold levels which cause lens abnormalities. Finally, lenses from 
fish from oil-impacted areas will be examined, as feasible, when well
defined exposure information is available, to increase understanding of the 
nature, extent, and significance of eye lens changes resulting from petroleum. 

Of the.life stages of an organism, the early developmental stages 
usually represent the most susceptible period for impact of an environmental 
pollutant. In a recent review on the effect of oil on eggs and larvae of 
marine species Kuhnhold (1977) points out the astonishingly few reports con
cerning the effect of oil on this frequently "weakest link" in pollutant 
resistance of a species. 

Several studies have been reported on the effect of petroleum on salmon 
eggs and larvae (Rice et al. 1975, Kuhnhold 1978); however, these investiga
tions have largely concentrated on acute toxicity and the uptake of specific 
hydrocarbons. Studies were conducted by Lanning (1977) on the effects of 
crude oil on the development of a variety of fish eggs, including eggs of a 
flatfish species (Pleuronectes platessa). In this research there were 
severe effects noted on development of embryos exposed to Ekofisk oil. 

In the present proposal, research is planned on the effect of 11weathered" 
crude oil on salmon (Oncorhynchus sp.) and flatfish (Pleuronectidae) egg and 
larval development. Though there is no field element involved in the begin
ning studies, relevance to a field situation lies in recognizing parameters 
which may be pertinent in future research on effects from exposure of organ
isms to oil in the marine environment. 

V. OBJECTIVES 

The principal objectives proposed for OCSEAP studies for FY 79 are: 

(1) To characterize the pathological effects resulting from long-term 
exposure of juvenile flatfish to sediments contaminated with petro
leum. 
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(2) To determine concentrations of hydrocarbons and their metabolic 
products in various tissues of flatfish exposed to sediments con
taining hydrocarbons to attempt to correlate tissue levels with 
effects. 

(3) To examine fish exposed to petroleum in the field for lens damage 
as feasible, when the history of exposure is well defined. 

(4)' To determine whether petroleum-exposed eggs and larvae of flatfish 
and salmon develop abnormally, and to evaluate the effect of any 
detected abnormalities on survival. 

At the end of the contract period conclusions will be drawn regarding 
the relationship between exposure to petroleum components and observed 
abnormalities, and between exposure and the abilities of the organisms to 
survive normally. 

VI. STRATEGY AND APPROACH 

An interdisciplinary research program is proposed to provide information 
relating to the impact of petroleum on arctic/subarctic marine organisms and 
ecosystems. The research activities'will employ elements of cell biology, 
physiology, chemistry, microbiology, and pathology. As in previous years, 
OCSEAP-funded research will closely interrelate with and be a part of the 
total interdisciplinary research of the EC Division on effects of petroleum 
on marine species. 

The program will be managed by the Director of the Environmental Con
servation Division (Dr. Malins) or by another of the Principal Investigators 
that he designates. 

A. SAMPLING METHOD 

Two general age groups (4 mo to 1 yr and 1 yr to 2 yr} of flatf4sh will 
be exposed to oil-contaminated sediments for up to 6 mo using aquaria the 
same as or similar to those described elsewhere (McCain et al. 1978). At 
intervals ranging between 2 weeks and 1·mo, the sediment and interstitial 
water will be analyzed for total extractable petroleum hydrocarbons (TEPH} 
and for individual aromatic hydrocarbons. At similar intervals fish will be 
sacrificed and tissue specimens analyzed by histological, hematological, 
analytical chemical, and electron microscopic procedures. Major emphasis 
will be placed on.evaluating the effects df oiled-sediments on young, i.e., 
4 mo to 1 yr-old, starry flounder, English sole, and/or rock sole (species 
available locally which are also present in Alaskan waters). Experiments 
with the older group of flatfish will only be performed if experiments ini
ated during the current contract period (FY 1978) require continuation. 

Between 40 and 60 older fish or 80 to 100 of the younger fish will be 
used per test aquarium. At intervals ranging from 2 weeks to 1 mo for up to 
6 mo, all fish will be weighed and measured, and 4 to 10 fish from each test 
group will be subjected to the following procedures: (1) blood will be 
removed for hematological tests and the serum will be analyzed for serum 
albumin, total protein, and possibly other serum components; (2} tissues-
including samples from liver, heart; skin, spleen, olfactory organ, fin, 
kidney, intestine, gill, and gonad--will be preserved, processed by standard 
methods, and examined for histological changes; (3) muscle, skin, liver, and 
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gill tissue will be analyzed for petroleum hydrocarbons and related com
pounds; and (4) eye lens, liver, and other selected tissues will be pre
served and used for examination by electron microscopy. 

At present, no laboratory techniques are being applied to the identifi
cation of either the extent of total metabolites or the nature of individual 
metabolites of non-radioactive hydrocarbons when more than one hydrocarbon 
is used in experiments. Studies on metabolism of single hydrocarbons in 
marine organisms, especially flatfish, have demonstrated clearly that within 
a short time most of the hydrocarbon is biotransformed to oxygenated pro
ducts. Hence, assessment of levels of parent hydrocarbons alone in tissues 
of an exposed organism would be misleading. To overcome the problem of 
analysis of metabolites in fish, in some experiments known amounts of radio
actively-labeled hydrocarbon(s) will be added to the sediments containing 
11Weathered" oil. The tracer hydrocarbons will be selected on the basis of 
their importance as a component of the "weathered" oil and on the availabil
ity of isotopically-labeled material. Extent of metabolism of tracer(s) 
will be measured in the fish exposed to tracer hydrocarbons in sediments 
containing 11Weathered" oil, and levels of all hydrocarbons will be deter
mined in tissues such as liver, skin, gills, and eye lens. The nature of 
individual metabolites of the tracer hydrocarbons will be determined to 
ascertain what types of compounds tend to be retained in tissues of exposed 
fish over a long period. Since covalent binding of hydrocarbons and/or· 
their metabolites with cellular macromolecules is correlated with mutagenic
ity/carcinogenicity of these compounds, some samples of exposed tissues will 
be examined for covalent binding with DNA and protein. Moreover, extracts 
of tissues from hydrocarbon-exposed fish and hydrocarbons that have been 
treated with fish metabolic enzyme preparations will be assayed for mutage
nicity using the Ames test (Ames et al. 1975). 

Evaluation of the effect of oil tin fish eggs and larvae.will be con
ducted under laboratory conditions. Flatfish eggs will be collected from 
among the following commercially-important species depending upon local 
availability of spawning individuals: flathead sole (Hippoglossoides 
elassodon); English sole, and starry flounder. The species of salmon con
sidered for these studies is chum (Oncorhynchus keta}, with pink (Q. gor
buscha} as an alternate. Eggs and larvae of the flatfish and salmon will be 
exposed to "weathered" Prudhoe Bay crude oil (PBCO} (and perhaps to "fresh 11 

oil for comparison} and the following data collected: (1} rate of develop
ment by embryological stage; (2}· abnormalities occurring during development;. 
(3} hatching time and success; (4) survival, behavior, and pathology of 
larvae up to the stages of yolk sac absorption and initiation of feeding. 

The methodologies used to assess the effect of petroleum hydrocarbons 
on eggs and larvae of various species will have several components in common: 
(1} The source of petroleum hydrocarbons used at the beginning of each expo
sure will be 2-3 day "weathered" PBCO generated in a flow-through wave 
machine or similar apparatus (or will be supplied by OCSEAP}; (2} Samples of 
fish eggs and larvae will be collected at specific stages of development and 
examined for abnormalities by light microscopy. Eggs and larval stages 
exhibiting consistent pathological conditions or abnormal behavior patterns 
will be further examined in detail with scanning and transmission electron 
microscopy. (3} Variability observed in pathological changes and behavioral 
abnormalities will be accounted for by sufficient replication of experiments 
and careful comparisons between oil-exposed and control groups. 
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Specific experimental regimens for flatfish and salmon eggs and larvae 
are as follows: 

Flatfish. 

Mature male and female flatfish will be collected from Puget Sound 
areas by trawl net, and artificially spawned. The fertilized eggs will be 
continuously exposed to "weathered 11 oil after they attain the blastula or 
gastrula stage of development. The rationale for starting exposure after 
fertilization and the early cleavage stages is that pleuronectids generally 
spawn in deep water and the buoyant embryos do not reach the surface until 
development has progressed for several days (e.g., see Alderdice and 
Forrester 1971). When feasible, eggs will also be exposed to oil starting 
with more advanced stages of development. 

Salmon. 

Fertilized salmon eggs will be obtained from hatchery stock and reared 
in containers similar to those described by Nason and Fessler (1966) with 
the addition of gravel substrate. Starting with the first cleavage stage, 
eggs will be exposed 2-3 hours per day to "weathered" PBCO in flowing salt
water then held for 21-22 hours in clean flowing fresh water. After 4-5 
days of this oil exposure schedule the initial group of eggs will be reared 
without further experimental petroleum contamination. A second group of 
eggs fertilized at the same time and, therefore, at the same stage of devel
opment as the initial group, will be exposed to 2-day old "weathered" oil 
for 4-5 days. The purpose of this type of exposure is to define effects of 
petroleum on specific developmental stages. This experimental regime will· 
be carried through on different groups of eggs and larvae to time of yolk 
absorption. 

B. ANALYTICAL METHODS 

Tissue specimens from flatfish exposed to oiled sediments will be 
routinely analyzed histologically for structural changes by light micros
copy; analyzed chemically by gas-liquid chromatography/mass spectrometry 
(GC/MS) (Macleod et al. 1976) for unlabeled tissue hydrocarbons and by 
colorimetric methods for determining leve!s of albumin, total protein, and 
other components of serum; and analyzed h¢matologically for hematocrit, dif
ferential leukocyte, total RBC and leuko~yte counts, and hemoglobin. 

Sediment and interstitial water will also be analyzed periodically. 
The sediment will be characterized by particle size determinations and 
analyses for iron, copper, zinc, TEPH {gravimetrically), and for individual 
aromatic hydrocarbons {GC/MS, Macleod et al. 1976). Interstitial water will 
be analyzed by the latter two methods. 

Tissue samples will be analyzed for levels of the tracer hydrocarbon 
and its metabolites using a solvent-partition method described previously 
{Roubal et al. 1977, Varanasi et al. 1978a). Levels of all hydrocarbons 
accumulated in tissues will be assessed by GC/MS. Data will be statistically 
treated as also described previously (Varanasi et al. l978a, Roubal et al. 
1978). Individual metabolites of tracer hydrocarbons will be determined in 
tissues such as from liver, skin, and eye lens using thin-layer chromatog
raphy (Roubal et al. 1977, Varanasi et al. l978b). Covalent binding of 
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hydrocarbon and metabolites to cellular macromolecules will be determined by 
adapting methods reported for mammalian systems (Burke et al. 1977). 

Assays for mutagenicity of selected petroleum hydrocarbons and metabo
lites will be conducted using a modification of the microbial method devel
oped by Ames (Ames et al. 1975). 

Samples of selected tissues from exposed and control fish will be 
obtained for fixation and processing for scanning and transmission electron 
microscopy (Hawkes 1974). _ 

For·egg and larval studies, 75 eggs or larvae of flatfish will be col
lected at designated sampling times from both control and oil-exposed 
groups. This sample size will provide a capability for detecting a statis
tically significant difference in occurrence of abnormalities if they occur 
at a 20% or greater frequency as the result of oil exposure (Feigl 1978). 
The selected sample size is based on the observation that approximately 15% 
of "normal" flatfish larvae show some abnormality of form or behavior 
(Wilson 1976). For salmon eggs and larvae, which have a lower percentage of 
naturally occurring abnormalities (approximately 5%), a sample size of 50 
for each of treated and control groups will provide for statistical signifi
cance at the 5% level of probability. 

VII. DELIVERABLE PRODUCTS 

A. DIGITAL DATA - N/A 

B. NARRATIVE REPORTS 

It is anticipated that in addition to the required Quarterly and Annual 
Reports, several papers detailing results of the proposed research will be 
prepared and published in respected scientific journals. It is not possible 
~priori to delineate these definitively, but examples of possible topics 
include: pathological effects on juvenile flatfish of exposure to oil
contaminated sediment; eye lens abnormalities in oil-exposed flatfish; 
hydrocarbon uptake and identification of metabolites in flatfish exposed to 
"weathered"-oil-containing sediment; effects of petroleum on development of 
flatfish and salmon. 

C. VISUAL DATA 

These will include graphs, tables, figures, etc. as appropriate to each 
of the research disciplines and the data generated. Of special note are 
light, scanning electron, and transmission electron micrographs which will 
be included in the deliverable products. 

D. OTHER - None 

E. N/A 

VIII. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

Voucher specimens will be collected and retained or shipped as directed. 

IX. LOGISTICS REQUIREf~ENTS - N/A 
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X. ANTICIPATED PROBLEMS 

No major problems are anticipated. 
We will continue to participate in OCSEAP-sponsored intercalibration 

programs as applicable to this research unit. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS - None 

XII. ACTIVITY/MILESTONE CHART - See attached. 

X I I I. OUTLOOK 

Long-term effects from petroleum entering the ocean during offshore 
drilling should be determined with regard to organisms, ecosystems, and 
food webs. The drilling process continually returns to the-marine environ
ment large volumes of petroleum (39 ppm) over extended periods. Biological 
effects from "weathered" oil or from combinations of "fresh" and "weathered" 
are largely unknown and the FY 79 OCSEAP proposed work relating to these 
problems is only a beginning. Determination of impacts from oxygenated com
pounds, including their biological ,transport, is needed to plan an efficient 
program to study "weathered" oil. Impacts from heterocyclic and high mole
cular weight aromatics are also largely unknown. The research discussed 
below includes examples of some types of needed experiments. 

A. NATURE OF THE FINAL RESULTS AND DATA PRODUCTS 

Current experiments involving exposure of flatfish to oil-contaminated 
sediments should be completed by the end of FY 79. Two logical extensions 
of this research would be to (1) use the laboratory results as a basis for 
evaluating the effects of accidental or controlled oil spills on bottom
dwelling marine fishes, and (2) initiate more definitive studies of the 
parameters which determine the types of effects resulting from exposure of 
flatfish to oil-contaminated sediments. Examples of these parameters are 
species of flatfish, sediment type (s.ilty vs. coars~::1, concentrations and 
types of petroleum hydrocarbons present in the sediment, and relationships 
between pathological and physiological changes. 

The important task of delineating damage wrought by xenobiotics, such 
as petroleum components, at a cellular and subcellular level is not easily 
accomplished; however, studies of damagin~ interactions of petroleum metabo
lites with macromolecules (e.g., DNA), coupled with the assessment of muta
genicity, are well established procedure~ for addressing the problem. 
Further studies under OCSEAP should continue to incorporate these procedures 
in a complimentary way with studies of alterations in cellular morphology 
and other indices of organism viability. 

The relationship of eye changes to the behavior and survival of the 
fish is an important issue in completing the project on oil effects on fish 
lenses. A postdoctoral fellow or visiting scientist would be appropriate to 
work with the electron microscopy laboratory for one year in order to pursue 
correlative studies on the degree of morphological damage that results in 
loss of visual acuity and to follow up with the relationship of impaired 
vision and actual behavioral alterations such as the ability of the fish to 
avoid predators or to function in situations requiring vision (Ingles 1971, 
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Northmore et al. 1978). Salmon could be used for the study since vision is 
required for many of their vital activities (Hoar 1956, Brett and Ali 1958). 
In addition, flatfish may be used for comparison since there are visual 
aspects to their behavior and data are available on their visual thresholds 
(Blaxter 1969). 

Assuming the FY 79 proposed research demonstrates abnormalities and 
behavioral changes in eggs and larvae of flatfish and salmon exposed to 2 
day old "weathered" oil, there are several additional studies which should 
be considered for FY 80-82. These include: (1) Repeat of the FY 79 pro
posed research except with petroleumwhich has been "weathered" for a longer 
period of time prior to exposure; (2) evaluate the effect of "weathered" 
oil on eggs and larvae of commercially important marine species whose early 
developmental stages are exposed to environmental conditions different from 
that of salmon and flatfish. Examples of these would be intertidal eggs of 
the herring (Clupea harengus pallasi), exposed beach spawn of the surf smelt 
(Hypomesus pretiosus), and exposure to oil contaminated sediment of eggs 
carried by gravid Dungeness crabs (Cancer magister); and (3) study effect of 
chemically dispersed "fresh 11 and 11weathered 11 oil on egg and larval develop
ment of selected marine organisms. 

Completion of an egg and larvae program as suggested above should 
provide valuable data to assist in predicting and assessing the ecological 
impact of an oil spill occurring under a variety of conditions. 

B. SIGNIFICANT f·HLESTONES 

1. Determination of pathological effects of petroleum on impacted flat
fish or other demersal fishes and factors influencing the severity of the 
pathology. 

2. Measurement of behavioral changes which depend on vision. For 
example, modifying Ingles 1 (1971) techniques for tests of goldfish visual 
discrimination for salmon or flatfish, if training techniques prove feasible 
for these species. Another approach would be to test a 11 Startle" response 
dependent on vision only. 

3. Completion of studies on effects of various petroleum components 
and exposures on development of eggs and larvae of different marine species. 

C. COST BY FISCAL YEAR 

The cost for a desired full-scale effort will be approximately $400 K/ 
year. The studies as proposed will take two additional years (FY 80 and 
81). Reduced versions of the proposed research projects can be undertaken 
for less. 

E. N/A 

F. N/A 

XIV. STANDARD STATEMENTS 

A. Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year 1 s data will be submitted to the 
Project Office upon request. 
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B. Quarterly reports will be submitted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the first day of 
January, July, and October. Annual Reports are due by April 1. The 
Final Report will be submitted within 90 days of the expiration of the 
contract. 

C. Where biota are concerned, all species and higher categories will be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in con
formity with OCSEAP voucher specimen policy. Vouchering will include 
life history stages (e.g., larvae, juveniles, adults) when these are 
studied, and sexes where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI or his designate is prepared to travel 
to the Project Office at least twice during the contract year to 
review project status and progress. Such reviews will be scheduled on 
dates mutually satisfactory to both parties. In addition, the PI or 
his designate may be requested to participate in program review or 
synthesis meetings as required. It is understood that costs of the 
travel and per diem for these trips will be borne by OCSEAP. 

E. N/A 

F. N/A 

G. N/A 

H. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract expiration. All new 
equipment purchased will be reported quarterly and inventoried 
annually. The PI or his designate will maintain inventories of all 
expendable and non-expendable equipment purchased with OCSEAP funds. 
Information will be recorded on Form CD-281, 11 Report of Government 
Property in Possession of Contractor", (copy attached.) Updated 
copies of these inventories will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds, will be submitted t9 the appropriate Project Office at 
least sixty (60) days prior to re~ease, for information and for for
warding to BLM. The release of such material within a period of less 
than sixty days will be made only with prior written consent of the 
Project Office. News releases will first be cleared with the appro
priate Project Office. Five copies of all reprints which pertain to 
technical or scientific material developed under OCSEAP funds will be 
submitted to the appropriate Project Office when they become available. 
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J. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLWOCSEAP sponsorship. The following acknowl
edgment is standard: 

11This study was supported by the Bureau of Land Management through 
interagency agreement with the National. Oceanic and Atmospheric 
Administration, under which a multi-year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer Continental Shelf Environmental Assessment Program· 
(OCSEAP) Office... . . 
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MILESTONE. CHART 

RU II: 73 -------------------- PI: __ M_AL_I_N_S_e_t __ al_. ____________ _ 

Major .Milestones: ·Reporting, data management and other significant 
contractual requirements; periods of field •nork; workshops, etc. 
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0 N D J F M A M J J A s 
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flatfish 
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protein and DNA of oil-exposed flat fish -fl· 
~ 
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0 

sure, metabolite formation, and mutagenicity. -o I . 

6.Process and examine tissues collect~d from ,. 

oil-exposed flatfish for eleetron microscopy --... ' 
-o 

?.Expose salmon eggs and larvae to "weathered 
-o oil 

~.Examine salmon eggs and larvae for abnor-
Jl rna li ties ... 

j9.Expose flatfish eggs and larvae to uweather~d 
0 oil 

lO.Examine flatfish eggs and ·larvae for abnor- f· -o mali ties 
11. Process and examine eggs and .1 arvae 

..o' collected for electron microsco~y ... 
112. CortJ~]ete reports .on r1su!ts ~~ stud1es arip 0 0 0 0 1n1t1al preparat1on o manuscripts for pub-

1 i cation . · .. 
.. 
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Technical Proposal 

I. Title: Reproductive Ecology and Foraging Distribution of Pribilof Island 
Seabirds 

Research Unit: 83 

Contract.Number: 03-5-022-72 

Proposed dates of contract: October 1, 1978 - September 30, 1979 

II. Principal Investigator: George L. Hunt, Jr. 

III. Cost of Proposal: 

A. Science $96,628 

B .. PI-provided logistics -0-

c. Total $96,628 
D. Distribution by Lease Area: St. George Basin, 100% 

IV. Background: 

In order to assess the impact of oil exploration, extraction and transport 

on seabirds of a given area, it is necessary to know: 1) the number of birds 

in the area, 2) their activity patterns (where they go and what they do there, 

eg. nest, roost, forage), 3) the timing of their activities, 4) the foods on 

which they depend, 5) the vulnerability of these food items to oil, and 6) the 

probability that oil related activities or spilled oil will impinge on the bird 

populations in question. Since natural populations exhibit daily and seasonal 

rhythms of activity and year to year fluctuations, studies should encompass a 

sufficient period of time to establish the normal limits of these fluctuations 

and the factors that may cause extraordinary perturbations of the system. 

In the St. George Basin the University of Wisconsin team under the direction 

of Dr. J. Hickey obtained estimates of population sizes for marine birds 

nesting in the Pribilof Islands and U.S. Fish and Wildlife Service studies have 

provided estimates of the sizes of colonies of seabirds in other areas contiguous 

with the St. George Basin. While all of these estimates could be further 

refined to provide hard data for baseline comparisons, the present level of 

knmdedge certainly allows us to know the areas supporting the major concentra

tion of nesting s·eabirds. The Pribilof Islands clearly support one of the 

largest concentrations of marine birds in Alaska, if not the world. 
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Our efforts have been directed toward delineating the reproductive and 

foraging ecology of the seabirds of the Pribilof Islands. These efforts have 

been colony based and had a modest pelagic component conducted near the islands 

during the breeding season to determine maj"or foraging areas used. Our studies 

are complemented by the work of the U.S. Fish and Wildlife Service and Mr. G. 

Devoky on food habits and at sea distribution over a wider area and in periods 

of the year when we are not in the field. Our work will also integrate the 

results of various fish and zooplankton studies that should' allow us to relate 

the at-sea distributions of foraging seabirds to the distributions of their 

primary food resources. These efforts should culminate in the ability to model 

the Bering Sea Marine Ecosystem and relate the marine birds to other components 

of the system. To this end, a first step has been the integration of our 

Pribilof Island data into a model developed by Dr. John Weins of the Oregon 

State University, and cooperative studies of the distribution of foraging 

seabirds in relation to both biological and physical oceanographic .features. 

V. Objectives: 

The objectives of the past four years of field research have been to: 

1. Determine the phenology of the seabirds nesting on the Pribilof Islands 

in so far as timing of egg laying, chick hatching and fledging are 

concerned. 

2. Determine clutch size, hatching success, fledging success and 

reproductive output for Fulmar, Red-faced Cormorant, Black-legged 

Kittiwake, Red-legged Ki-ttiwake, Common Murre and Thick-billed Murre. 

These species are more accessible for study than others on the islands 

and the Kittiwakes and Murres account for the major portion of the 

biomass present. If time and oppo~tunity permited, data on other species 
I 

such as Horned·Puffin and Least A¥klets was also b~ gathered. 

3. Determine growth rates of chicks and food used for all species for 

which data can be obtained. 

4. Determine the distribution of foraging birds in the vicinity of the 

islands. 

The objectives of the present, proposed research are: 

1. To work up the data on the reproductive ecology, food habits and 

foraging areas of breeding seabirds gathered in 1978. 
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2. To provide an integrated evaluation of the inter-year variations of 

breeding· success, phenology, food -habits and fora·ging areas of breeding 

seabirds and to relate thepe variations to causal factors when possible. 

3. To provide data appli_cable to seabird modeling studies .. 

4. To provide a spot check of phenology and reproductive ecology of 

Red-faced Cormorants, Black-legged and Red-legged Kittiwakes, and 

Common and Thick-billed Murres during the 1979 breeding season. This 

will allow a rough compariso-q.with the first fqur years as well as 

with other 1979 study areas. 

The Bering Sea is home to some of the greatest concentrations and the 

greatest diversity of seabirds in the world. Baseline studies of these 

populations are necessary in order to identify areas of particularly great 

_sensitivity from which oil should be excluded, to identify areas in which 

special priority should be given to the clean-up of spilled oil, and to 

provide evidence as to the effects of spilled oil on avian populations. 

Timing of breeding, number of eggs laid, hatching and fledging success 

and growth rates are all indicators of the health of seabird populations. 

Knowledge of when and why the normal str~sses in the reproductive cycle occur 

will facilitate predictions ~f the possible effects of oil spills and disturbance. 

on these systems. Nesting seabirds are particularly vulnerable to spilled oil, 

as they are tied to restricted areas by their need to incubate eggs or fee~ 

developing young. Young birds, newly departed from their· nests, may also be 

unusually vulnerable to oil on the sea because of incomplete development of 

flying ability and inexperience in foraging. Thus, it is important to document, 

reproductive phenology in order to know the periods of greatest vulnerability.· 

Data on the foods and foraging areas used by seabirds will be collected 

in order to determine in which ocean areas oil spilis will be particu~arly 

damaging to Pribilof Island populations. Knowledge of the. food chains upon 

which the seabirds are dependent .is also necessary to establisl;l both the role 

seabirds play in the marine ecosystem and the potential vulnerability of 

seabirds should certain other marine species be damaged by oil. 

VI. General strategy and approach: 

The overall strategy of the research has been to gather detailed, in-depth 

data over a sufficiently long time-base so statistically valid comparisons 

can be made between this area and the other areas on a contemporary basis and 

227 



6 

between this area now and later, after oil development is under way. Parameters 

of repioductive success and growth rates of chicks are sensitive indicators 

of food availability and population health and they are more easily and accurately 

measured than total population size. For these reasons, we are pursuing a 

detailed, thorough study of the Pribilof Islands colonies to provide a benchmark 

for future comparisons, as well as the means of predicting possible impacts. 

Oil-related activity that may have a major impact on the birds includes, 

but is not limited to, exploration, especially by aircraft in the vicinity of 

colonies, drilling, production and transport. Critical features, the impacts 

of which need to be monitored, are disturbance of nesting birds, oiling at sea 

and reduction in the availability of food resources. The proposed research 

contributes to a baseline on reproduction and foraging ecology against which 

the effects of these impacts can be measured, and provides~a~auseful for 

the assessment of the potentia1 impact of oil development. 

The research has been designed to provide a broad comparative baseline 

as well as predictive information. To this end, studies have been conducted 

on both St. Paul and St. George Islands. The relative species composition on 

these two islands differ, as apparently do the phenologies and reproductive 

success of some species. Species chosen for study are those with the greatest 

numbers present on the islands, as well as those for which large amounts of 

data could be gathered efficiently. Less effort has been put into those 

species that are difficult to work with, thus yielding little data for the 

effort expended. These species can be studied more readily in other areas. 

The proposed research will involve analysis of the 1978 field data, an 

integration and comparison of the four years of field effort, plus the workup 

and integration of the results of a three week visit to St. Paul Island for an 

assessment of the 1979 breeding season. 
I 

i 
I 

I 

In the integrated review of the field studies, we will attempt to relate 

changes in reproductive output and phenology to weather factors, food types 

used, and growth rates (a measure of energy balance). Distribution of birds 

at sea will be related to distance from islands, distance from shelf break, 

water depth, sea surface temperature and/or salinity, and when data are 

availabie, water column stratification and the abundance of food organisms. 

Analysis will be accomplished by a combination of mapping and regression 

analyses. 

The results of this analysis of foraging areas should prove useful in 

predicting the distribution ·and abundance of birds at sea, and the likelihood 
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of J,arge concentrations of birds falling within an oil spill trajectory zone. 

The analysis of reproductive biology will show periods of greatest colony 

sensitivity to spilled oil or disturbance, as well as the effects of weather 

or changes in food supply (only in the most general sense) on reproductive 

output. 

A. Sampling methods: For the field work on St. Paul we will choose a three 

week period that will allow us to plot the timing of hatching (phenology 

of successful nests) and growth rates for Black-legged and Red-legged 

Kittiwakes and Common and Thick-billed Murres. In addition we should be 

able to obtain data on productivity of Red-faced Cormorants. While this 

short a visit in late July and early August will not allow a.determination 

of productivity in kittiwakes and will only give a partial look at 

productivity in murres~ it will'give us the ability to know whether the 

reproductive biology of these species in 1979 is similar to, or grossly 

different from that found in the years 1975-1978. To this end, methods 

used in 1979 will be similar to those used in previous years. 

Several variables which influence reproductive success and growth 

rates impinge on any natural study. These variables include: 1) year to 

year changes in the ecosystem, 2) variations in the exposure of different 

nest s1tes, and 3) variations in the age and experience of nesting 

individuals being studied. 

Variable 1, year to year var~ations can only be' understood by a 

multiple year study; one year's efforts represent but a single data point 

for understanding the input of this variable. The possible distortions 

that variables 2 and 3 might cause to a baseline study can be minimized 

within a single year's study by choosing a sufficiently large number of 

subsampling areas and by following the success of an adequate number of 

nests in each area. The number of separate sites to be chosen will 

depend on the dispersal of nests and on local conditions but ~t a minimum 

for 1979 will include 3 sites on St. Paul. The number of nests to be 

studied in each area will be at least 15-20, if possible, so that individual 

variations and chance events will not unduly distort the results obtained. 

Seabirds breeding on St. Paul Island either nest on cliff ledges or 

raise their young in holes and crevices in the cliffs or below ground 

among the rocks of boulder beaches. For those species which breed in the 

open (Red-faced Cormorant, Black-legged and Red-legged Kittiwakes, Common 
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and Thick-billed Murres); data on reproductive success can be obtained 

relatively easily by observation of many nests at a time from locations 

at the top or bottom of the cliffs. 
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The basic techniques for obtaining data on the reproductive success 

of the five ledge-nesting species will be to locate nests, number them 

individually, and count the eggs or chicks contained in those nests 

usually every three to seven days, either until chicks hatch and leave the 

nest, or until total egg or chick loss occurrs. Inaccessible nests will 

be reidentified each visit using black-.and-white photographs. 

Part of the egg and chick counts for Red-faced Cormorant, Black-legged 

and Red-legged Kittiwakes and Thick-billed and Common Murres on St. Paul 

will be obtained by using a ladder at the bottom of the cliffs to reach 

into nests. This method, while causing some disturbance, allows more 

accurate assessment of timing of hatching and of mortaility than visual 

observations alone, as it is often hard to count eggs or tell when eggs 

first hatch under birds that sit very tightly. These nests will be 

identified by numbers painted on the cliffs. 

In 1976 and 1977 on St. Paul we used two methods to assess murre 

reproductive success, to see whether or not our studies the previous year, 

involving scaring birds from ledges, had had.unanticipated effects. At 

several sites the scaring methods employed in 1975 were used, and at other 

sites the observer did not scare the birds, but sat quietly for an hour or 

so at each visit watching to see by the birds' behavior whether they were 

incubating eggs, brooding young, or were not breeding. In 1976 and 1977 the 

use of black-and-white photographs of each ledge made the task of assigning 

an individual number to each egg or young far easier. The scaring techniques 
•• did depress reproduction. In 1979 we wi11 rely primarily on long, quiet 

observation to determine nnestn contents
1 

for murres, although birds on one 

or two ledges will be scared off in order to obtain better data on phenology. 

Growth rates of young seabirds have been shown in past studies to be 

strongly correlated with fledging success (Hunt, 1972; Hunt and Hunt, 1975, 

1976). 

Data on growth rates of the chicks of four species (Black-legged and 

Red-legged Kittiwakes, Common and Thick-billed Murre) will be obtained by 

weighing chicks at least twice a week. Chicks will.be individually marked 

with numbered plastic leg bands or fingerling fish tags, placed in cloth 
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bags and weighed with Pesola spring scales (300 g to 5kg capacity, 

depending on the species and the size of the chick). The weight of the bag 

and of any food regurgitated by the chick will be subtracted from the total 

weight to obtain the weight of the chick. 

In all of the above species with the exception of the murres the 

typical growth pattern is a period of rapid and steady weight gain followed 

by· either a plateau or a slight decline in weight prior to fledging. In 

these cases the growth rate for the straight-line portion of the growth curve 

will be calculated by the formula: weight2 - weightl where the gain in 
day2 - day

1 

weight between the first weighing and the peak weight is divided by the 

number of intervening days, yielding an average number of grams gained 

per day. 

Murre chicks hatch at 65-70_grams and gain weight for 10-15 days. 

Many of them will reach a plateau or begin to lose weight when their 

contour feathers begin to grow in. Then there is a second period of 

weight gain, sometimes followed by a slight drop in weight just before 

the chick goes to sea. This pattern is not always consistent, however; 

some chicks may not lose weight at ail during the period·of contour feather 

growth. We have used and will continue to use for comprative purposes the 

number of grams per day that a chick gains during the first growing phase. 

An important parameter for chick survival is its weight when it leaves 

the cliffs to .go to sea. It is presumed :that a heavy chick .w.ill be .more 

likely to survive than one .which is light and has little fat .reserves. 

Our data for both species of murres in 1976 and 1977 show a positive 

correlation between the number of grams gained per day until the first 

peak of growth and the last weight obtained before the chick leaves the 

island. When possible we will obtain peak or fledging weights of young. 

Information on foods will be obtained from chick regurgitations. 

We will not seek large numbers of samples, but we will keep whatever 

regurgitations come our way in order to check that no radical changes in 

diet have occurred between the years. 

Food samples will be preserved in plastic Whirl-pak bags in 80% 

ethanol, and labeled as to sample number, species, and date collected. 

Food items used by birds will be identified as well as is possible, 

depending upon their state of digestion. The results will be catalogued 

by bird species on a % volume and % occurrence basis. 
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B. Analytical methods: No elaborate analytical methods are used in this 

research, Data on phenology, reproductive success, growth rates and food 

habits are compiled by straight-forward methods as outlined above. 

Differences between sub-colonies, islands or years will be tested using 

appropriate parametric and non-parametric statistics. 

VII. Deliverable Products: 

A. Digital Data 

1. The 033 format will be used to submit all at-sea data gathered in 

1978. Data to be submitted as checked on the following list 

specified by OCSEAP. We generally have not been given a report 

from the ship on depth of thermocline, and this parameter will not 

be reported. 

Colony data from 1978 and 1979 will be reported in the modified 

035 format when that becomes available. 

2. If maximum and minimum values for parameters have not already 

been submitted, they will be provided during the 1979 contract year. 

3. In the event of coding from field forms, coding is checked before 

digitizing. The keypuncher· has guaranteed 99% accuracy. Random 

checking of field forms against coding and printouts has proved 

that out. Since coding errors appear to be the likeliest source 

of errors we try to digi~ize from field forms whenever possible. 

B. Narrative-Reports 

At present we expect to, supply only the required quarterly reports 

and a final report in September 1979. 

C. Visual Data 
I 

Mapped data will be supplied on standardized forms once they are 

provided by OCSEAP. Additionally, Mylar overlays will be provided for 

Spring., Suiiuner and Fall counts of all birds seen, all birds on water, 

all gulls, all alcids, all waterfowl. 

D: Not applicable. 

E. See following schedule on OCSEAP form. 

VIII. Special Sample and Voucher Specimen Archival Plans: 

Not applicable. 
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File Type 033 11 

Ship and Aircraft Census 

Common to all records 
· "'4 Fi 1 e Type 
~ File Identifier 

Record Type 

Record Type 3 - Ice 
· vice in Transect/Ouside Transect 

Visible Open Water · 

"' Station NUmber 

Record Type 1 - location 
~ latitude/Longitude 
~Year/Month/Day .. 

Hour/Minute 
"J latitude/Longitude 
"'\!Elapsed Time/Time Zone . 
, Speed Made Good/Course Made Good 
"'Height Above Sea 
'Platform Type Code 
~Sampling Technique Code 

Ship Activity Code 
Photos Taken 

~Width of Transect 
Angle of Vi'ew Code 

~Observation Conditions Code 
Distance Made Good 
Watch Type Code 
Transect Width 

Record Type 2 - Environmental 
~Depth to Bottom . 
'-.Depth of Thermoc 1 i ne 
""surface Temperature/Salinity 

Dry Bulb Temperature/Wet Bulb 
Relative Humidity 
Barometric Pressure 
Barometric Trend 

, Wind Direction/Speed 
·'~Sea State 
~Swell Direction/Height 

Weather 
Cloud. Type/Amount 
Water Color 
Visibility 
Sun Direction/Glare Intensity Codes 
Glare Area Code 
light level 
Moon Phase Code 
Tide Height Code 
Rising or Falling Tide 

Type of Opening/Distance to Codes 
Visible Ice · 
Misc./Other Features 
Ice in/Outside Transect 
Ship in Water 
W.idth of Lead 
Distance of Ship from Edge of Lead or 
Polynya · · · 
Time of Ice Conditions 
Percent Water Versus Land Covered 
Size of Ponds 

'Description of Open ~later Ice 
'~Sequence Number 

Record Type 4 - Text 
"-'Text 
"sequence 

Record Type 5 - Data 
· '\.Time 
. _"\,Taxonomic Code 

Sub Species/Species Group 
Age Class Group/Sex Codes 

~Color Pha~e/Plumage/Molt Codes 
'-..,Number of Individuals 
'J Counting Method Code 

Reliability Code 
Dist. Measurement·Type Code 
Distance from observation platform 
to birds . 

'-'Direction of Flight 
"'Association Code 
~linkage for Multispecies 
~Number of Species Participating 

Behavior/Special Marks/Bird Condition Codes 

\,
Food Source Assoc. Code 
Taxonomic Code for Food Species 
Debris/Oil Code 
Distance from Nearest Breeding Colony 
Habitat Code 

~equence Number 
Substrate/Cover/Outside Zone Codes 

Distance to nearest Shoreline/Sh~lf Break 
SECCHI Depth 
Debris Code 
Effects of Weather/Light 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

Media 
(Cards, cod
ing sheets, 
tapes, disks) 

Shipboard Survey 78 tape 

Bird Colony 78 tape 

Bird Colony 79 tape 

Estimated 
Volume 
(Volume of 
processed.data) 

40,000 

? 

? 

DATA'PRODUCTS SCHEDULE 

OCSEAP 
format 
(If.known) 

033 

035 

035 

Processing and 
Formating done 
by Proje~t 
(Yes or No) 

yes 

yes 

yes 

Collection 
Period 

(Month/Year to Month/Year) 

April '78 - Sept '78 

May '78 - Oct '78 

July '79 - Aug '79 

Submission 
(Month/Year) 

1 June '79 

February '79 

Sept. '79 



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

XII. MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to. be used on quarterly updates) 

RU {I _0_83.;;.,_ __ PI: George. L .• Hunt, Jr~ 

'Major Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 1979 
MAJOR MILESTONES 0 N D J F M A- M J J A s 0 N D 

1) Analysis of 1978 Colony Data 0 

2) Analysis of 1978 Cruise Data 

N 3) Analysis of 1978 Foods Data w 
VI 

4) Submissian· of 1978 Colony Data 

5) Submission of 1978 Cruise Data 
(for this we will most likely require more than 120 days for processing) 

6) Submission of. 1978 Foods Data 

7) 1979 St. Paul Field Work --o 

8) Workup 1979 St. Paul Field Work 

I' 

9) Submission of 1979 Data --~o 

10) Write-up of quarterly reports -o ---o --o 

11) Write-up of final report 
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XIII. Outlook: 

Assuming that the research proposed for FY79 is completed successfully, 

I feel we will have met a first plateau for colony studies on the Pribilof 

Islands and surrounding waters. It is likely that some data gaps, particularly 

in reference to the modeling effort, may be identified. My expectation is that 

these data gaps will at most require a narrowly focused effort and probably 

one of relatively short duration. I do not anticipate another full-scale 

colony effort will be required until 1981 or 1982 when a thorough check of at 

least one island should be made to determine if there have been any major 

changes in productivity or food habits. 

There are, however, several projects of limited scope and duration that 

are relevant to management decision making processes and the development of 

predictive models of the impact of offshore petroleum development: 

1) We need to develop a be.tter understanding of the factors controling 

distribution of birds at sea and to develop the ability to predict these 

distributions. To that end, in the Bering Sea continued co.operation with the 

PROBES effort is urged, as is the placing of bird observers on National Marine 

Fisheries Survey Vessels. The costs here would be the salaries and travel 

money for one or two field observers and funds for computer analysis of the 

data gathered. Because the cruises will be gathering data on physical and 

biological oceanography for other studies, we will gain access to a large 

amount of data at very low cost. The long-term goal of such studies would be 

to relate bird distributions to oceanographic features amenable to monitoring 
. - ' 

by remote sensing. This work will cost between $30.:..35,000 per year and could 

profitably be conducted for two-"three years. 

2) We do not presently understand why ,there are auklets breeding on the 
I 

Pribilofs in large numbers, yet virtually ~one breeding at Cape Newenham or 

Cape Pierce. It would be useful for management purposes to test the hypothesis 

that a crucial difference is the turbidity of the water near shore. To test 

this hypothesis we could both make measurements of plankton near the Pribilofs 

and near Cape Pierce, coupled with measures of turbidity and we could conduct 

experiments by pumping drilling mud or an equivalent for a short time into 

the water near the Pribilofs to see if the number of birds using an area drops 

precipitously when turbidity is increased. The cost of the bird observations 

and plankton work would be modest, probably in the vicinity of $30-35,000. The 
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work would probably require 10-15 days of ship time in June or July. I have 

no idea of the cost of creating the turbid water conditions. This work would 

have management relevance throughout the Alaska OCS program. 

3) Bogoslof Island apparently supports an important seabird breeding 

colony, about which we know relatively little. While it may be impractical 

to study the reproductive ecology and determine the productfvity of this colony, 

it deserves at least a few checks during one or more breeding seasons and a 

set of radial transects to find out where the major number of the murres from 

that colony are foraging. If done in conjunction with the turbidity project 

above (#2), this project would probably incur no additional personnel costs 

beyond those needed for data management. My expectation is that about 10 days 

of ship time would be involved in June or July and m~ybe 5 days in August. 

If done alone, I would expect the cost of a Bogoslof study to be $25-35,000, 

or if done in conjunction with /l2 above $5-10,000. 

4) A final project of value would involve developing the means of detecting 

large flocks of seabirds using the radar and other remote sensing devices on 

the SEA SAT satelite that is to be put in operation. For this we will need 

ground truth information so that radar signatures from areas with large bird 

flocks can be compared with signatures from areas without birds. The management 

value of such a system is enormous, and the cost of development is likely 

minimal. We will know more about this at the end of the 1978 field season. 

Although it is not classified as.a field research project, I would be 

very interested in contracting to do an Alaska-wide synthesis of data on the 

kittiwakes, particularly if it' can be done in conjunction with Dr. William 

Drury. Syntheses of the data on various species are urgently needed not only 

in order to identify data gaps, but also so we can pinpoint the most vulnerable 

or most valuable colonies. Integration of our data will also allow us to 

identify the situations in which the birds will be most vulnerable. 
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OTHER INFORMATION 

A. Background of the Proposer - see section "QUALIFICAT~ONS" above and the 

attached Cirriculum Vitae. 

B. Concurrent and proposed grants and contracts are listed on the following page 

with the principal investigator's time commitments to these projects. 

C. The Principal Investigator shall actively lead and supervise the proposed work 

and shall take full responsibility for timely completion of all objectives, 

independent of the percentage of- the Principal Investigator's salary requested 

in the budget. The Principal Investigator will spend a minimum of 25% of 

his time on the project. 

D. All personnel assigned for direct work on the project· are employee's who have 

been attached to the project for at least one field season. Ron Squibb has 

worked on St. George Is. for four seasons and was largely respon.sible for work

up and write-up of the 1977 colony work. Bill Rodstrom has worked on St. 

E. 

F. 

Paul Island for two seasons and on Buldir for one year. He will help with the 

colony wr'ite-up. Maura Naughton has had a little over· one field season on 

St. Paul Island and has worked for two years on our BLM sponsored study of 

seabirds in the Southern California Bight. She will be primarily responsible 

for the work-up of the at-sea data and will conduct the 1979 field work on 

St. Paul. Barbara Braun is currently a Master's candidate in my laboratory 

and will spend the 1978 field season on St. Paul. She will participate in the 

final report writing and the field work on St. Paul in 1979. Barbara Burgeson 

has been Administrative Assistant for our BLM Southern California Bight project 
.I 

for the past three years, has extensive experience with seabird survey and 
I 

colony work and participated during her vac'ation time in colony work and 

at-sea work in 1977 in the Pribilofs. She will continue as Administrative 

Assistant and will be responsible for identification of food items obtained 

from birds. She has received on-the-job training for this and will have 

four month's experience by October 197.8. Grace Bush has been in charge of 

data management since January 1977 and will continue on the project in that 

capacity. 

For references cited, see G.L. Hunt, cirriculum vitae. 

Names and phone numbers of persons authorized to conduct negotiations appear 

on the cover sheet. 
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XIV. A. 

B. 

Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

Quarterly reports will be submitted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the first day of 
January~ July, and October. Annual Reports are due by April 1. The 
Final Report will be submitted within 90 days of the expiration of the 
contract. 

C. · Where biota are concerned, all species and higher categories will be 
represented by the voucher specimens that will be ·.preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in 
conformity with OCSEAP voucher specimen policy. Vouchering will in
clude life history stages (e.g., larvae, juveniles, adults) when these 
are studied, and sexes where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the Project 
Office at least twice during the contract year to review project 
status and progres·s. Such reviews will be. scheduled on dates mutually 
satisfactory to both parties. In addition, the PI may be requested to 
participate in program review or synthesi.s meetings as required. It 
is understood that costs of the travel and per diem for these trips 
will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in the 
form and format specified in Deliverable Products Section VII, A thru 
E. Digital data submissions. will be accompanied by a Data Documenta
tion Form (NO~ Form 24-13). 

F. Digital 
days of 
period, 
Office. 

Data will be submitted to the Project Data Manager within 120 
the completion of a cruise or three ~onth data collection 
unless a written waiver has been received from the Project 

The NODC Taxonomic Code is to be used for biological data 
submissions. 

G. Within 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA For 24-23) will 
be submitted to the Project Data Manager. 
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H. Title for all property purchased with OCSEAP funds remains with the U. 

S. Gcivernment pending disposition at contract expiration. .All new 
equipment purchased will be reported quarterly and inventoried annually. 
The PI will maintain inventories of all expendable and non-expendable 
equipment purchased with OCSEAP funds •. Information will be recorded 
on Form CD-281, "Report of Government Property in Possession of 
Contractor", (copy attached.) Updated copies of these inventories 
will be submitted quarterly. 

I. Three (3) copies of all.manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds, will be submitted to the appropri~te Project Office at 
least sixty (60) days prior to release, for information and for forward~ 
ing to BLM. The release of such material within a period ·of· less than 
~ixty days will be made only with prior written conserit of the Project 
·Office.· News releases will first be cleared with the appropriate. 
Project Office.. Five cooies. of all reorints which oertain.to technical 
or scientific material developed under OCSEAP funds will be·submitted to 
the appropriate Project Office when they became available. · 

J. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP spons~rsbip~ The following acknow
ledgment is standard: 

"This study was supported by the Bureau of Land ·2-Ianagement through 
inte~agency _agreement with the ·National•Oceanic.and Atmospheric 
Administration, under which a multi-year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer Continental Shelf Environmental Assessment Program (OcSEAP) 
Office." 

) 
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UNIVERSITY OF CALIFORNIA, IRVINE 

IIEREELEY • nAVIS • mVJNE • LOS ANGELES • IIJVEliSJDE • SAN J)IECO • SAN FRANCISCO 

DEPARTMENT OF ECOI.OGY AND . 
EYOUITIONARY BIOLOGY . 
SCHOOL OF BIOLOGICAL . SCIENCES 

Pr. Herbert E. Bruce 
NOAA/OCSEAP 
Juneau Project Office 
P.O. Box 1808 
Juneau, Alaska 99802 

Dear .Dr. Bruce: 

28 August 1978 

. . 

·In response to your letter of 14 August concerning Required Proposal 
Revisions for FY79 .on RU83 I qffer the following anunendments: 

1) Funding ·will be at $95,628.00 .with the difference between my original 
proposal amount and the revised amount coming from -the line item Travel by 
P.I. to OCSEAP meetings. 

2) A completed signature page is ·attache'd. ' 
3) There will be a short field effort in July'-August 1979 as specified. 

It will be approximately three weeks long and will run from about 20 July 1979 
until about 10 Aug~st 1979. 

4) The kinds of statistical tests to be run will intlude Chi-square, 
T-test, linear regressions, multiple linear regressions and possibly either 
Mann-Whitney U Tests or other non-parametric tests. These tests will be used 
to compare. repr.oductive success between islands within years and within islands 
between years. We will also attempt to determine if food habits varied 
significantly between years or between islands. Distribution of birds at sea 
will be examined through regression analysis to determine which factors 
(depth, salinity, distance from island) are the best predictors of at-sea 
distribution. 

5) For the A35 Format, we expect to use record types A and B, and 
depending upon the data (amount and quality) we can obtain we will either use 
records J and K or records G, Hand I. What we are able to do will also vary 
from one species to another, but we will gather and report the. maximum amount 
of data possible. This approach is the one agreed to with Rod Swope while 
I was in Juneau. 

6) Selected specimens of foods gathered will be archived as request~d. 
At present we are holding all food samples here. We will either send selected 
samples or the entire collection to the California Academy of Sciences as requested. 

7) As for data required of other investigators, our needs in Physical 
Oceanography seem to be taken care of. Our needs in Biological Oceanography 
will depend, in part, on the work-up of plankton samples by Dr. Cooney or 
I.M.S. We presently expect these data to be available sufficiently soon to 
allow timely production of our final report. My greatest concern is obtaining 
data on bird distribution in the Bering Sea from other investigators. We will 
be working with Hal Peterson and the Juneau Project Office on this problem. 
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Dr. Herbert E. Bruce -2- 28 August 1978 

Other comments: The travel to Fairbanks of the person working oncfood 
samples needs to be done this fall so that she will have the greatest facility 
possible in working up food samples quickly. 

I believe this covers all aspects brought up in your letter. Thank you 
for your he 1 p in Juneau •. 

H.A. Schneiderman, Dean 

GH:bb 

Enclosure: . Revised Cover Sheet 

cc: Boulder OCSEAP Office 
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UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 98195 

TO: 

TYPE OF SUPPORT REQUESTED: 

TITLE OF PROPOSED RESEARCH: 

PRINCIPAL INVESTIGATOR: 

LEASE AREAS: 

DESIRED CONTRACT PERIOD: 

AMOUNT REQUESTED: 

UNIVERSITY OFFICE TO BE CONTACTED 
REGARDING CONTRACT NEGOTIATION: 

DATE: 

Seelye Martin 
Principal Investigator 

OFFICIAL AUTHORIZED TO GIVE 
UNIVERSITY APPROVAL: 

REF: P78-61 

Outer Continental Shelf Environmental 
Assessment Program 
National Oceanic & Atmospheric Administration 

Contract 

The Interaction of Oil with Sea Ice 
Contract#: 03-5-022-67, Task Order#: TA6 
Research Unit: 87 

Seelye Martin, Research Associate Professor 
Department of Oceanography 
University of Washington 
Seattle, Washington 98195 
Telephone: (206) 543-6438 

Bristol Bay: 50%, Saint George Basin: 50% 

1 October 1978 - 30 September 1979 

$33' 771 

Office of Grant and Contract Services 
1 Administration Building, AD-24 
Telephone: (206) 543-4043 

20 June 1978 

..4eorge C. Anderson 
Associate Chairman for Research 
Department of Oceanography 

11fanmn±:Badgley' ~an 
Department of Atmospheric Sciences 

Joe S. Creager, Asso~iate Dean 
College of Arts and Sciences 

Donald R. Baldwin, Director 
Grant and Contract Services 
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(3) TECHNICAL PROPOSAL 

I. Title: The Interaction of Oil with Sea Ice 

Research Unit Number: 87 

Contract Number: 03-5-022-67 

Proposed Dates of Contract: 1 October 1978 - 30 September 1979 

II. Principal Investigator: Seelye Martin 

III. Cost of Proposal: 

A. Science: $33,771 

B. P.I. provided logistics: 0.-00 

C. Total: $33,771 

D. Distribution of Effort by Lease Area: 

Bristol Bay: 50% 

St. George Basin: 50% 

IV. BACKGROUND 

A. Introduction 

2 

During the past three years we have done research for the OCSEAP program 
in both the laboratory and the field. The laboratory program models the 
spreading of oil in wave-agitated grease and pancake ice, as well as studies 
its interaction with first year ice. The field studies, which have taken place 
in Norton Sound, Kotzebue Sound, the Chukchi Sea off of Cape Lisburne, and the 
Beaufort Sea, measure the sea ice properties such as crystal structure, drain
age channels, and void spaces which are re~ated to oil absorption. 

I 
I The present proposal involves a change of direction from our previous 

work. Namely, in this document, we propose to gather surface truth data for 
the new SEASAT satellite operating over the Bering Sea. This surface truth 
data, which will be gathered from either a helicopter or a ship, will consist 
of measurements of the properties of the sea ice which is located under the 
path of the SEASAT. This surface data will then be used in combination with 
the satellite images to describe the sea ice behavior near the ice edge in the 
Bering Sea. 

In the event that our SEASAT proposal is not funded, then we propose to 
carry out a limited program restricted to a desk study. In this program, the 
P.I. will spend three months on the organizing and writing-up, in time for the 
1 March annual report deadline, of a survey of our field and laboratory work, 
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both ONR and OCSEAP, on grease and pancake ice and the interaction of these 
kinds of ice with petroleum. This work will be of particular relevance to 

Norton Sound, Kotzebue Sound, and Bristol Bay, and should serve as a 
reference work for individuals concerned about grease and pancake ice and 
oil pollution. In the back of this proposal, we attach a separate budget 
page for this non-SEASAT option, the total cost will be $13,683. 

3 

Our SEASAT study is described in a proposal submitted to the NOAA SEASAT 
program titled "The Use of SEASAT Imagery to Study the Bering Sea Ice," and 
is summarized below. We hope to use the new Synthetic Aperature Radar (SAR) 
as well as other instruments on the SEASAT to study the sea ice properties 
adjacent to the Bering Sea ice edge. This will be the first civilian use 
of a SAR on a satellite. The advantages of the SAR are that (1) it is an 
active sensor, so that it can see through clouds and fog: (2) it has a high 
resolution of about 25 m over a 100 km wide swarth. The SEASAT will be 

at 800 km altitude with a 100 minute period, and its orbit will be such 
that there will be 80% overlap of a swarth after 12 hours. Also, because 
of the nature of the orbit, the coverage in the near polar regions will 
be very good (see Figure 1). 

The disadvantage of the SAR is that because it works on a holographic 
principle, it requires 4 magnetic tapes per-minute to store the data. For 
comparison, the Scanning Multichannel Microwave Radiometer (SMMR) on the SEASAT 
requires 1 tape per day. The SAR data, then,must be immediately transmitted 
to a surface station; for the Bering Sea this station will be Gilmore Creek. 
Also, the large data storage requirements for the SAR means that there will be 
only a limited number of turn-ons, namely 100 per-year. In our SEASAT proposal, 
we have budgeted for 10 turn-ons each during the ten day periods in late 
October-November and in February 1979. This data, however, combined with the 
lower resolution SMMR and visual data and a good field plan should provide ex-
cellent information on the ice behavior. · 

Because our proposed field program is strongly dependent on the SEASAT 
proposal, we next summarize and describe the rationale and design of our SEASAT 
proposc:il. 

B. Objectives of the Joint OCSEAP-SEASAT Study 

'• 

The national interest of the Bering Sea, which Figure 2 shows in a 
satellite image, lies in three general areas: (a) it is extremely biologically 
productive; (b) it may be a major oil producing area with potential lease sites 
in Bristol Bay, Norton Sound, and near· the Pribilof Islands; (c) it has a heavy 
seasonal ice cover which affects shipping routes and fishing techniques. 

Previous work in the Bering Sea shows that the winter weather in the 
Bering Sea alternates between periods of cyclonic and anticyclonic circulation 
with a persistence for each case of 3-6 days. The anticyclonic case is driven 
by the combination of a stable high pressure system over Siberia and the 
successive lows which move along the Aleutians into the Gulf of Alaska. This 

245 



4 

yields strong northeast winds, clear skies, and the ice deformation shown in 
Figure 2. Cyclonic flow occurs when the low pressure systems displace the 
Siberian high and create winds from the south or southeast over the Berfng. 
These winds advect the pack to the northwest, and are accompanied by warmer 
air temperatures and considerable clouds and fog, making visual imagery very 
difficult to obtain. 

In our SEASAT proposal, we will use the all-weather SEASAT capability to 
study the ice behavior near the pack edge, and the effect of a change in 
atmospheric circulation on the 0.1-25 km scale ice features. In 
particular, we will look at two ice features which are important to the Bering 
Sea. The first is the·growth of grease ice and the formation of Langmuir rolls 
in the large polynyas which form in Norton Sound, south of Saint Lawrence and 
Saint Mat~hews Island, and along the Alaskan coast south of the Yukon delta 
during periods of strong anticyclonic flow. The second is the development of 
certain interesting features occurring at the ice edge. We discu.ss these two 
in the above order. 

1. Grease Ice and Langmuir Circulations. As Figure 3a shows, in the 
large polynyas soutp of Cape Prince of Wales and Saint Lawrence Island, the 
combination of the cold wind and the wind-generated waves causes the growth of 
a slurry of small ice crystals and seawater called 'grease ice.' Once this ice 
forms, the Langmuir circulation set up by the wind and waves drives it into the 
long parallel bands shown in Figure 3a. In our recent field work for OCSEAP 
during March 1978, we observed grease ice in Norton and Kotzebue 
Sound, and in our laboratory studies, we are looking at its interaction with 
spilled oil. From the SAR images of these regions, we will be able to run 
two-dimensional Fourier Transforms on the SAR images to determine the distribu
tion of the Langmuir bands as a function of the atmospheric driving. Then 
from our laboratory work, we should be able to relate this information to the 
spread of pollutants. 

2. The Ice Edge. Figure 3b and c show two images of the ice edge taken 
in March 1977 during northeast winds. These ima'ges, which are characteristic 
of a large number of winter images dominated by the anticyclonic circulation, 
show several interesting features. First,} the cloud streets are parallel to 
the wind direction. Second, north of th~'ice edge, the pattern of leads is 
organized, with the major cracks running to the right and left of tbe wind 
direction. Third, the floes appear to be organized with respect to size, with 
the smaller floes occurring closer to the ice edge. Fourth, at the very edge, 
long thin ice filaments or plumes occur which lie almost at right angles to the 
wind. The zone of influence of the ice edge extends from the filaments to the 
end of the angled lead pattern for a distance of about 100-200 km. 

Observations made under this contract from.the SURVEYOR during February 1978 
show that the filaments are made up of a mixture of hundreds of ice floes measur
ing 4-8 m in diameter and grease ice. The floes in these filaments serve as 
habitats for walrus, seals, and birds. In the E>vent of an oil sptll, th~~se 

filaments may also serve as convergence zones for pollutants. 

246 



V. OBJECTIVES 

The most important objectives of this research project will be to 
determine the following ice properties: 

1. The response of the Bering Sea ice edge to changes in atmospheric 
forcing; 

2. The scale of crack systems north of the ice edge as a function of 
ice thickness and temperature-salinity structure, and the response of these 
systems to atmospheric forcing; 

3. The scale of the Langmuir ice plumes in the large polynya regions; 

4. The interaction of ocean swell with the ice edge and the wave 
propagation into the pack; and 

5 

5. The_forces which go into the formation of the filament-like structures 
which form at the ice edge. 

Each of the features which occur at or near the lee edge, from the 
filaments to the spacing and direction of the crack systems, will be important 
to understanding the spread of pollutants in the pack ice. For example, the 
filament formations are evidence of convergence zones, so that spilled oil 
may accumulate in them. Also, the dynamics and scales of the regular crack 
systems above the edge, and their change in or~entation with changes in 
atmospheric circulation will determine the spread and pumping of oil within 
the crack systems. 

VI. GENERAL STRATEGY AND APPROACH 

This experiment will employ three different observational scales: SEASAT 
images, aircraft overflights, and ice surface measurements consisting of the 
taking of ice cores and the recording of ocean wav~s propagating through the 
ice. We discuss these observations in the above order. 

A. SEASAT Observations 

We propose to use the high resolution SAR images to study the response of 
the ice during periods of cyclonic and anticyclonic circulation. We will need 
approximately 20 SAR images; 10 in the fall and 10 in the winter. If possible, 
we will coordinate our SAR turn-ons beginning with a strong anticyclonic flow 
over the Bering, then follow the transition to cyclonic flow over the next 4-8 
days. During times of rapid change, we wish to use sequential SAR images with 
their large overlap areas to study changes in the mesoscale ice dynamics occurring 
at the time of both cyclonic and anticyclonic flows. These turn-on times will 
be coordinated with W. J. Campbell of the u:s.G.S. 
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In addition to the SAR images, we will use the SMMR and the V/IR to 
provide complimentary large-scale images of the ice in order to determine the 
distribution of ice types, the large scale response and the ice behavior 
preceding and following the SAR turn-ons. We will also look at the altimeter 
data to see if it yields meaningful data about either long waves propagating 
into the pack, or pressure ridge statistics. 

Once we have the data in hand, we will first reproduce the SAR images 
photographically to study the small-seal~ ice edge features.· Then, we will 
use the two-dimensional optical Fast-Fourier-Transform (FFT) being developed 
at PMEL for use.with the SAR transparencies to determine the following: 

i. The waven~mber and direction spectra and the long wave field south of 
the ice pack. This data will be examined to see how it correlates with the 
nature of the ice edge. 

ii. The spectra of lead orientation of floe size within the pack ice. 
Also, we will run FFT's on the SAR images of grease·ice formation within the 
polynyas to determine the scales of the Langmuir streaks •. 

This data will then be correlated with ice distribution maps developed 
from the SMMR and V/IR and with Natioqal Weather Service records of surface 
weather in order to determine the ice response to atmospheric forcing •. 

B. The OCSEAP Surface Truth Observations 

We plan two periods of surface. truth observations in support of the SEASAT. 
The; .first will be in October-November 1978; the second, in February 1979. The. 
purpose of the fall observation will be to study the rapidly growing ice front; 
the winter observations will be to study the properties of the fully-developed 
sea ice cover. 

1. .October-November 1978. This experiment will not involve OCSEAP 
funding; we summariz.e it so that it can be compared with the February 1979 
experiment, to which OCSEAP will contribute greatly. Also, we will submit 
copies of .the data reports from thip experiment to the OCSEAP offices. In 
this experiment, we will participate in the;NASA CONVAIR-990 overflights being 
planned by William Campbell of the USGS. For this period a combination of low 
and high level flights will permit visual, ;radar, and simulated SMMR observa
tions of the growing ice front. Also from the aircraft, we will study the 
nature of the large polynyas and the ice edge from both high-and low-level 
flights simultaneously with SEASAT observations. 

2. February 1979. In this month, we propose to gather surface truth 
data in support of the SEASAT observations, in a region at or near the ice edge. 
We request two different kinds of logistic support for this project; a remote
sensing aircraft, and either ship or helicopter access to th·e ice. The charts 
(Figures 4-6) show the suggested area of operations; if we use a helicopter, we 
would probably work south and west of Nunivak Island; if we use a ship, we 
would work within the ice edge in this region. 
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At present, we do not know exactly either where the ice edge will be 
located or the SEASAT path over the Bering Sea in February 1979. The SEASAT 
orbil: parameters will be available after launch; however, we can only design 
our experiment around a climactic mean ic~ edge. Therefore, we cannot at this 
time describe precisely either the locations of the stations which we will 
occupy, or the aircraft trajectories. 

a. Remote sensing aircraft. We would like for a remote-sensing· 
aircraft equipped with SLAR and photographic cameras to overfly the area which 
we will be coring, as well as fly along the trajectory of the SEASAT SAR. 
This work, for example, could be done by a MOHAWK· flying out of Bethel. Our 

minimum requirement here would be one flight which would run from the 
ice edge over the surface truth stations along the SAR track at an altitude of 
5,000-10,000 feet. Our maximum request would be for four such flights, spaced 
over the ten day SAR turn-on period. 

b. Surface truth logistics support. Our purpose here is to take ice 
cores and wave data, and· other information on the ice properties in the general 
region shown on the charts in Figures 4 and 6. We have two possible ways of 
gathering this data, either by helicopter or ship. 

(i) Helicopter. From examination of the charts, it appears that 
the helicopter could be operated out of two locations, either Mekoryuk on 
Nunivak Island or Cape Newenham. According to Jim Schoumacher, who worked 
out of Nunivak in February 1978, this is a good location from which to work 
because the ice edge is generally accessible. If we worked out of Nunivak, 
we would have three persons in our crew. Our instrumentation would consist of 
our standard coring gear. In addition, we have arranged with Dr. Peter Wadhams 
of the Scott Polar Research Institute for one member of his group to join us as 
one of the' three persons, and to bring the light weight strain gauge and accelero
meter package which they use to look at the propagation of ocean waves through pack 
ice. 

Using our coring tools, we will take ice cores, and determine ice thickness, 
salinity and crystal structure. In support of the SEASAT microwave and radar 
sensors, we will also make careful observations of the ice surface properties, 
as wei! as photograph the site from the ice surface, and from a low altitude 
from the helicopter. 

At the same time, Wadhams will deploy his strain gauge array and record 
the propagation of waves through the ice. Given these two operations, our 
station time will be about one hour. All of this instrumentation has been 
tested; we carried out the coring observations in March 1978 in Norton and 
Kotzebue Sound for example; and Wadhams deployed his strain gauge array in 
February 1978 on the pack ice off Newfoundland. For long range flights, we 
will be able to restrict our instrument weight to 300 pounds and two people. 
We would take stations for a period beginning about three days before the SAR 
turn-ons, and lasting about three days after, which would give us two weeks to 
16 days on the island. Coordination with the Mohawk and the SEASAT office at 
the Jet Propulsion Laboratory in Pasadena, California, will be done by telephone 
out of Mekoryuk. Alternatively, we can place a fourth person in Bethel or 
Fairbanks to coordinate the helicopter, aircraft, and SEASAT. As we previously 
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explained, our traverse locations are not known; however, the chart (Figure 6) 
shows several possible traverses based on the location of this year's ice edge. 
Basically, we will try for 2-4 stations per flight, depending on distance 
travelled and the weather. 

(ii) Ship. Our alternative will be to work from a ship in Bristol 
Bay at the ice edge. Ideally, we will need the following: first, the ability 
to get down on the ice floes for periods of up to one hour in order to take 
ice cores and to deploy our strain gauge array and, second, the ability to 
steam into the pack ,for distances of 10-40 km, and then remain at a station 
long enough to occupy a station. 

If a ship is available, we will see if Wadhams can also bring his wave 
rider buoy with him, which will also allow us to obtain ocean wave spectra 
within the open water. As far as time goes, we would like'tO operate 'from 
the ship for a period of 10 days to two weeks. 

Finally, if both a ship-of-opportunity and a helicopter are available in 
February, we would like to deploy the wave rider buoy with one person from the 
ship, and the coring equipment and strain-gauge array from the helicopter. 

To summarize, if we work out of Mekoryuk by helicopter, we will have three 
people on the island, and possibly a fourth either on a ship-of-opportunity 
with a wave buoy or at Bethel or Fairbanks coordinating the operation. For 
this case, our program will concentrate on the ice properties inside of the ice 
edge. Alternatively, if we work from a ship, we will have three or four people 
on the ship and a program which will concentrate on the immediate properties 
of the ice edge~ 

VII. SAMPLING METHODS 

We will try to occupy between 18 and 24 stations. At each station, we will 
pull a core with our SIPRE corer, measure its temperature profile with thermistors, 
then cut up half the core into horizontal sections which are 50-100 mm in thick
ness and package them in order to melt them down to measure the salinity. We 
will also photograph the core to record the yertical crystal structure, and 
look for evidence of rafting. In particula~, we will also measure the surface 
salinity and record the surface snow depth and crystal structure for comparison 
with the SEASAT radiometer observations. 

Also, at the present time, Dr. Peter Wadhams of the Scott Polar Research 
Institute will bring hi.s strain gauge and accelerometer package which measures 
the frequency 'and amplitude of the ocean waves propagating through the pack ice. 
He may also bring his wave-rider buoy for use in open water. 

VIII. ANALYTICAL METHODS 

The ice data will be presented in tabular form for use iti estimates of 
sea ice strength and on the effect of the ice surface properties on microwave 
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frequencies. The wave data will be analyzed using standard computer programs 
on an ONR contract at the Scott Polar Research Institute. 

IX. DELIVERABLE PRODUCTS 

A. Digital Data: none 

B. Narrative Reports: 

1. Our ice core data will be written up in an OCSEAP narrative 
report. 

2. The wave data will be analyzed at the Scott Polar Research 
Institute on an existing ONR contract and the results 
submitted to OCSEAP as a narrative report. 

3. The final combined OCSEAP/SEASAT report which will combine 
the satellite and surface truth observations will be sub
mitted to OCSEAP. 

C. Visual Data: The results of the remote sensing f+ights will be 
submitted to OCSEAP as. photographic and radar images. 

To summarize, we will submit core reports on about 24 stations, for abo~t 
one printed page each. We will submit an additional 20 pages of narration and 
core and site photographs. We will also submit the results of 1-4 overflights 
of the experimental area in the form of photqgraphic strips from the MOHAWK. 
The wave data will be submitted as a narrative report of about 40 pages. 

X. QUALITY ASSURANCE PLAN 

Our data analysis follows standard techniques for the measurement of 
temperature and salinity. The wave data will be analyzed using standard 
Fourier spectral analysis techniques. 

XI. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLAN 

N/A 

XII. LOGISTICS REQUIREMENTS 

See attached forms. 
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by Project 
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80 pages N/A N/A February 1979 
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·August 1979 

September 19 
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LOGISTICS REQUIRENENTS 

Please fill in all spaces or indibatc not applicable (N/A). 
shedts as necessary. Budget line items concerning lo~istics 
to the relevant item described on these forms. 

Usc addition:~l 
should be keyed 

INSTITUTION University of Hashington PRINCIPAL INVESTIGATOR Seelye Martin 

A. Sllll' SUPI'ORT 

1. Delineate proposed tracks and/or sampling grids, by lcr,, on a chart of the area. 

2. 

Include a list of proposed station geographic positions. 
See chart (Figure 4) for possible ship track in and out of ice edge. 

Describe types of observations to be made on tracks <~nd/or at each grid 
Include a description of shipboard sampling operations. Be as·spccific 
prehensive as possible. 

SEE ATTACHED SHEET 

~tation. 

and com-

3. \.Jhat is the optimum time chronology of observations on a leg and seasonal basis 
and what is the maximum allowable departure from these optimum times? (Key to 
chart prepared under Item 1 when necessary for clarification.) 

SEE ATTACHED SHEET 

4. Hm.r many sea days are required for each leg? (Assume vessel cruising speed of 
11, knots for NOM vessels. Do not inclu'de running time from port to bc~jinnin~; 
point and from end point to port and do not inct'ude a \.reathar foetor.) 

SEE ATTACHED SHEET 

5. Do you consider your investication to be the principal 6nc for the operation thus 
requiring other activities to piggyback or could you piggyback? 

Ours would be principal. 
Approximately how many vessel hours per day ~ill;be required for your observations 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processing time between stations. . 

We will take approximately 1 hour per station in daylight. Sample processing 
can be done at night. We will need about 8 vessel hours/day. 

6. Hhat equipment and personnel would you expect thc:·ship to provide? A wo-rkbench 
with sink and fresh water, and we would like to have access to the weather observation 

7. What is tlw npprmdmal:c \,reit;ht: and volume of equlp::~cut you Hill hr lnr:? 

8. 

1,000 lbs; and a volume of about 5 1 x 5' x 5'. 

Will your d~ta or equipment r~quiro special hnndling? 
describe. 

yes If yes, pl~nse 

We will need help deploying the wave-rider buoy and in getting personnel on 
and off the ice. 
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9 •. lHll you require any gases and/or chemicals? 
be1nrd the ship prior to departure fro1:1 Seattle 

barge. Gasoline and oil.rnix for our power head. 

12 -·-----yes If yt'G, they Hhnuld he on 
or time allowed for r.hipment by 

10. Do you have a sh:i.p preference, either NO!u\ or non-NOAA? If "yes", please name the 
vessel and give the reason for so specifying. 

No. 

11. If you recommend the use of a non-NOAA vessel, what is the per sea day charter. 
cost and have you verified its availability? 

N/A 

12, llow many people must you have on board for each ic~e? Include a list of partici
pants, specifically idcntify.ing any l~ho arc foreign nationals. 

Three. Seelye Martin, Peter Kauffman, and Peter Wadhams (British citizen). 

) 
I 

254 



13 

Attachment. to "Ship Support" Logistics Form 

2. 1ypes of Observations to be made on the.Tracks 

In open wa.ter at the edge of the pack ice, we will deploy a wave rider 
buoy to measure the ocean wave spectra. This will involve deployment and 
recovery of a stand,ard wave-r:l,der buoy; the operation will last about one 
hour. At the grid points inside of the ice, we will need to get down on the 
ice surface for periods of about one hour, in order to take ice cores and 
deploy the strain gauge-accelerometer array to measure wave propagation 
through the ice. This will involve· two to three people going out on the. ice· 
and working for a period of about one.hour. · 

3. Chronology 

The optimum time chronology will be from 1-15 February, with the option of 
any ten day period in 1 February to· 15 March. The most important aspect of 
this experiment will be to synchroni£e our observations with the SEASAT, and 
to work·at .stations ranging from just outside the ice edge to stations 10-30 
nautical miles inside the edge. The purpose is to gather data on ice thickness 
and surface properties. 

4. Sea Days 

The chart shows. five traverses into the.ice edge. If we figure two days 
per traverse, then the experiment will take 10 days. 
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n. AIH.CilAl'"l' SUPPORT - lo'IXED \HNG 

1. Delineate proposed flight lines on a chart of the area. Indicate desired flight 
altitude on each llne. (Note: If flightG are for tr:m~portation only, ch.1rt 
submission is not necessary but origin and destination points should be listed.) 

SEE ATTACHED SHEET 

2. Describe types of observations to be m~de • 
.. •,. 

SLAR and photographic mapping from MOHAWK or C-117;: 

' ' 

3. Hhat is the optimum time chronology of :~·b~ervat~o.ns on a season.:~! b,'lsis· and t>lhat. 
is the maximum allowable departure frozu the!:;e optimui;J times? (Key to char.t .... 
prepared under Item 1 when nece~~ary ~~~ clarificatjon.}; .. 

He wish to have 1-4 overflights simultaneous with the coring observations. 
Therefore 1-20 February. 

4. How many clays of flight operations are required and how many flight hours per clay? 
4 days at 3 hours/day 

Total flight hours? 12 

5. Do you consider your investigation to be the principal one for the fl:ir,ht, 
thus precluding other activities or requiring other activities to pigr,yback 
piggyback or could you piggyback? 

6. 

N/A 

Hhat types of special equipment arc required for the aircraft (non carry-on)? 

Hhat are the weir,hts, dimensions, pm..rer requirements, and installation 
problems unique to the specific equipment. 

N/A 

7. \fuat arc the weights, dimensions and 'pot•er requirements of carry-on equipment? 

None 

8. l-lhat type of aircraft is best suited for the P,~•1rpose? 

MOHAWK or C-117. 

9. Do you recommend a source for L:hc aircraft? No. 
If "yes", please name the source and the .reason for your recom.::~enclation. 

10. \Vhat is the per houL' charter cost of the nircraft·? 

N/A 

11. lim• m:1ny people nrc required on board for each flir,ht (exclu~;ivc of fli&ht cre~..r)? 

None 

12. Hhcrc do you rcctllllmcml that flir,hts be r:tagC'd fr,,m? 

Bethel 
256 



Attachment to "Aircraft Support-Fixed Wing" Form · 

1. Possible Flight Lines 

The chart (Figure 5) shows two possible flight lines running out of 
Bethel. The exact determination of the flight lines will depend on the ice 
conditions and th• satellite orbit; also.on whether we operate from a ship 
or a helicopter. In either case, we would like the flight lines to overlap 
both the surface observations and the satellite track, The location of the 
flight lines wili vary depending on our research platform; the details of 
the flight lines can be worked out in December-January. 
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C. AlRCRAn SUPPORT - UELICOl'TER 

1. Delineate proposed transects and/or station scheme·on a chart of the area. 
(Note: If flights arc f~r tran~port of pcr~onnel or equipment only from base 
camps to field camps and visa versa, chart submission is not necessary but 
origin and destination points should be listed). 

See Figure 6. 

2. Describe types of observations to be made. 
We will land at different sites, take ice cores, analyze site topography, 
and record wave data. 

3. What is the optimum time chronology of observati6ns on n seasonal basis and w~nt 
is the maximum allowable departure from these optioum times? 

optimum: 1-18 February; maximum: February - 15 March 

4. llow many days of helicopter operations are required and how many flight hourn 

per day? 14 days at 1- 2 hours/day 

Total flight hours? 25 hours 

5. Hot., many people are required on board ror cnch flight (exclusive of the pilot)? 

Three for short range flights; two for long range. 

6. lvhat are the t.,eights and. dimensions of equipment or supplies to be transported? 

SEE ATTACHED LIST 

1. l.Jhat type of helicopter do you reommend for your operations and t.,hy? 

Bell 205 with long range tanks. 

8. Do you recommend a particular source for the helicopter? If "yes". please name 
the source and the 1·cason for your recommendation. 

NOAA, pased on previous experience. 

9. ' What is the per hour charter cost of the helicopter? 

N/A 

10. \Vhere do you rcommend that flights be staged from? 

Mekoryuk, or possibly Cape Newenham 

11. l.Jill special n.:~vication and communications be required? 

Global or other on-board navigation system. 
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Attachment to "Aircraft Support-Helicopter" Form 

6. What are the weights and dimensions of equipment or supplies to 
be transported? 

a. Short range flights; 3 people plus the following: 

Description Weight (lbs) Volume 

sled 140 4' X 1 1 X 2.5' 

power head 40 1.5 1 X 1.5 1 X 1.5' 

17 

2 auger flights 40 (total) 3' long X 0.75 1 diameter 

instrument cases 40 (total) 2' X 2' X 0.5' 

Strainmeter 100 2' X 1 1 X 1' 

data logger 60 . 1' X 1' X 1 1 

instrument case 50 2' X 1' X 1' 

Accelerometer .80 z,• X 1' X 1 1 

550 lbs 

b. For long range flights, we will restrict ourselves to 2 people and 
200-300 lbs. 
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XIII. ANTICIPATED PROBLEMS 

Our major uncertainty is the unknown position of t4e ice edge in February 1979. 
One advantage of Nunivak Island is that the pack ice nearly always surrounds 
the island. Another ·problem might be the formation of a large area of open 
water around Nunivak, thus prohibiting helicopter operations. A solution 
to this problem would be to use a ship as the research platform. 

Contingency Plan 

If adverse field conditions prevent accomplishment of our field objectives, 
we will be forced to rely on the remote sensing data for analysis of the ice 
motion. Because we have used our instrumentation for the past three ice 
seasons, I feel that "bad ice" or "open water" would be the major cause.of 
mission failure, instead of instrument failure. Again, problems with "bad ice" 
would be minimized by working from a ship. 

XIV. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

This whole proposal is built around a cooperative proposal with the SEASAT 
program. Since I am the P.I. on that proposal as well as this one, any required 
remote sensing data will come to me through the SEASAT program. 

XV. MANAGEMENT .PLAN 

The principal investigator will direct and/or participate in all phases 
of the work. Much of the photographic and instrumentation work will be done 
by Peter Kauffman. 

By: 10 January 1979 

20 March 1979 

30 A~gust 1979 

30 September 1979 

Finish preparations for field experiment 

Complete field traverse 

Submit field feport 

Submit preli~inary analysis of satellite 
data and comparison with field data. 

(Note: Because the dates at which .the satellite data will be available to the 
individual P. I. is unknown, the date for submission of the satellite 
data is a guess.) 
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0 - Planned Completion Date 

X - Act~al Completio~ Date 

RU fJ 87 PI: Seelye Martin -----
Major Milestones: Reporti~g, data nanagement .and other significant 
contractual require=en~s; periccs of field work; workshops; etc. 

MA.JO?.. XILESTQ!;ES 0 
1978 I 

N I D I J F H 
1919 
A M J J A s 0 

Finish preparation for field traverse I I I 0 I 
Do field traverse I i o I I I I 

Submit report on traverse I I I 0 

N 

I 
I 

·Submit OCSEAP/SEASAT report I 0 L 
I N I I I 

a-. I I I-' 

1 

I I I I I 
I I I I I I I 

I 

I I. i I I 
I I I I I I 
I I 
I I I . -r I I 
I II I I I I I 

II I 
I I 

D 

I 
I 
I 

I 

I 
I 

- I 

N 
0 

I 



,,•• 

21 

XVI. OUTLOOK 

If this joint OCSEAP/SEASAT effort is succ.essful, it will certainly 
represent the attainment of a plateau of accomplishment. Further work will · 
probably be necessary in 1980 for the analysis of the SEASAT images, "1but 
this will probably be funded through SEASAT. We will, however, submit copies 
of all of our SEASAT work to OCSEAP. 

·.If the. satellite is still operating in 1980, the one remaining area of 
study would. be to. study the withdrawal and melting of the Bering Sea pack 
ice from a combination of shipboard observations and satellite and air·craft. 
overflights. 'This program, how~ver, would depend upon the successful completion 
of the February 1979 observations. 

~VII. 

1. Updated milestone charts will be submitted quarterly. A .schedule 
for processing and analysis of past year's data·will be submitted to the 
Project Office upon request. 

2. Quarterly Reports will be submitted to the. appropriate Project Office 
during the contract by.the first day of January, July, and·October, Annual 
Reports by April 1. The Final Report will be submitted within 90 days of the 
expiration of the contract. · 

3. Where biota are concerned all species and higher categories will be 
represented by the voucher specimens that will be preserved, labeled, held, 
and shipped to an official OCSEAP-designated repository in conformity with 
OCSEAP voucher specimen policy. 

4. At the option of the Project Office the P.I. is prepared to travel to 
the Project Office to review project status and progress. Such reviews will 
be scheduled on dates mutually satisfactory. to both parties. It is· understood 
that costs of the travel and per diem for these trips will be borne by t~e 
Project Office. 

) 
I 

5. Data will be provided in the formJand format 
Documentation Form (DDF 24-13). 

specified by OCSEAP, 
accompanied by a Data 

6. Data will be submitted within 120 days of the completion of a cruise 
or three month data collection period, unless a written· waiver has been 
received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23) will be submitted 
to the Project Data Manager. 

8. Title for all property purchased with. OCSEAP funds remains with· the 
U.S. Government pending disposition at contract expiration. New equipment 
purchased will be reported quarterly and inventoried annually. The P.I. will 
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maintain inventories of all expendable and non-expendable equipment purchased 
with OCSEAP funds. Information will be recorded as shown on form CD-281, 
"Report of Government Property iri Possession of Contractor" (copy attached). 
Updated copies of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under OCSEAP funds 
will be submitted to the appropriate Project Office at least sixty (60) days 
prior to release, for: information and for forwarding tq BLM. The release:of 
such material' within a period· of les.s than sixty (60) days shall be made only 
with prior written consent of· the ·Projec.t Office. News releases will first 
be cleared with the appr:opriate Project Office. 

10. , All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 
acknowledgment is standard: 

"This study was supported by the Bure'au of Land Management through 
interagency a:g.reement with the National Oceanic. and Atmospheric 
Administration, under which a multi-year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer Continental Shel·f Environmental Assessment Program · 
(OCSEAP) Office." · 
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FIGURE CAPTIONS 

1. An example of the dense SEASAT coverage at high latitudes (from the 
NOAA SEASAT Development Plan). 

2. NOAA-4 image of the Bering Sea on 13 January 1975 during a period of 
strong anticyclonic circulation. 

28 

3. LANDSAT images of the Bering Sea ice for anticyclonic circulation. The 
frames measure 185 km across in the horizontal. (3a) The Bering Straits 
to Saint. Lawrence Island, 17 March 1976. (3b) West of Saint Matthews 
Island to the pack edge, 18 March 1976. (3~) Bristol Bay, 23 March 1975. 

4. A chart of a possible shiptrackswith ice and open water stations 
marked by 'x's. 

5. Chart showing two possible overflight tracks. 

6. Chart showing possible helicopter landing sites. 

) 
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To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

Research Unit Numher 88. 

1. COVER PAGE 

Proposal Date: 15 June 1978 

Contract #: 01-5-022-1651 

Task Order #: N/A 

NOAA Project #: R.U. #88 

Institution ID#: N/A 

F.{, 1979 BENEWAL PROPOSAL 

TITLE: Dynamics of Near-Shor~ Sea .Ice 

Period of Proposal:. October-!, 1978 through September 30 1979 

Institution: u.s. Ar~ Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 {603) 643-3200 

Principal Investigator 

(C)X'f~ 
D. R. FBEITAG (eXt200 
Technical Director 

A. Kovacs (ext. 411) 
Principal Investigator 

F. Ferraro (Ext. 315) 
Comptroller 
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3. TECHNICAL PROPOSAL 

I. Title 

Dynamics of Near-Shore Sea Ice· 

OCSEAP Research Unit #88 

Contract #: 01-5-o2i~l651 J 

Proposed Date of Contract: 1 October 1978 - 30 September 1979 

II. Principal Investigators 

W. F. Weeks and A. Kovacs 

III. Cost of Proposal for Federal Fiscal Year (1 October 1978 - 30 

September 1979). 

A. Science $55671 

B. P.I. Provided logistics 

C. Total 

0 

$55671 

D. Distribution of Effort by Lease Area. 

Beaufort Sea 60% 

Chukchi Sea 20% 

N. Bering Sea 2Q% 

/ 
. J 
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IV. Background 

There are three main thrusts to the present proposal. These. are 

concerned with the study of ice movements and coastal pile-ups along the 

coast of the Beaufort .. Sea, the study of ice movement through the Bering 

Strait, and the occurrence of large scale preferred crystal orientations 

in th~ near shore ice of the Arctic Ocean and the use of these orientations 

\ 
to map mean ocean cur~rent directions via remote sensing. All this work 

is a direct extension of our previous field studies. 

v. The objectives of.the different sections of this proposal are as 

follows: 

A. Beaufort Sea Ice Movement and Ice Pile-up Studies: 

We plan to complete the final preparation of the Narwhal Island "over-

view" report on our two years of study of near-shore ice motion north 

of the Prudhoe Bay area, In addition Kovacs plans to prepare a report on 

his observations of near-shore ice pile-ups in the Beaufort Sea. [These 

studies have direct bearing on design and on hazard assessment for 

proposed offshore oil and .gas operations along the margins of the Beaufort 

Sea.] 

B. Bering Strait Im<figing Radar Studies: 

It is planned to ·continue the operation of the X-b.and ice radar 

syst~m at Tin City during the 1978-79 ice season; (This research provides 

an essential part of _the information .needed to develop an adequate scenario 

for a major oil spill in either the Beaufort or ChUkchi Seas in that the 

movement of the oil is largely. controlled by the movement of the ice, which 
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in turn is influenced by the flux of ice through the Bering Strait. This 

data also can be used to provide boundary conditions for ice drift models 

for the Bering and Chukchi Seas.] 

C. Remote Sensing of Under-Ice Current Directions: 

Our studies this present year suggest that essentially all the fast 

ice along the Arctic Coast of Alaska shows crystal alignments in the 

horizontal direction. The orientations are sufficiently strong to affect 

the properties of the ice. Inasmuch as the direction of the crystal align-

ment is believed to be controlled by the direction of the current under 

the ice, it should be possible to develop a remote sensing technique to 

measure current direction indirectly via sensing the orientation direction. 

We propose to perform tests to see if such a technique can be developed 

by using polarized continuous wave reflectometry. [If these studies are 

successful they will result in a technique that will allow the OCSEAP to rapidly 

collect data on under-ice-current directions from a helicopter platform. 

Such data is very important to a variety of OCSEAP needs and is now largely 

non-existent, particularly during the ice growth season.] 

As will be seen in the budget for this program, we are only requesting 

,i 
support for travel and logistics for OCSEAPl It is anticipated that the 

/ 

rest of the costs of this work (salaries, equipment, etc.) will be funded 

by NSF. Our earlier work (1977-78) on this subject was also supported 

by joint OCSEAP/NSF funding. 

VI. General Strategy and Approach 

A. Beaufort Sea Ice Movement and Ice Pile-up Studies: 

This program is completely concerned with the analysis of data that 

has already been collected. 
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B. Bering Strait Imaging Radar Studies: 

Again this is an on-going program. The proposed work simply consists 

of operating and maintaining the radar unit presently installed at Tin City. 

C. ~emote Sensing of Under-Ice Current Directions: 

This program will be a simple field experiment using polarized 

' continuous. wave reflectometry. The majority of the equipment is already 

available at CRREL. The-reflectometry measurements will be checked by 

making crystal observations at a number of locations near Barrow. Barrow 

is an ideal site in that our previous work. has shown that strong fabrics 

with a variety of widely different orientations exist there. The maximum time 

in the field would be two weeks. If the test is successful, then an operational 

system can be designed for regional current mapping via a helicopter. 

VII. Sampling Methods 

A. N/A 

B. Bering Strait Imaging Radar Studies: 

The radar screen is photographed every 2 1/2 minutes. Considering the 

rate of ice movement, this gives an essentially contonuous picture of ice 

drift through the Strait. 

C. Remote Sensing of Under-Ice Current Directions. 

Tests will be made at several locations near Barrow where the crystal 

orientations (and current directions) are known (and quite different). 

The structure of the ice will be independently characterized as will the ice 

temperature and salinity profiles. 
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VIII. Analytical Methods 

We plan to examine the statistical nature of the ice motion in time-series 

as revealed in our radar data. ·we·are particularly interested in peak 

motions and their correlations with meteorological variables such as either 

observed or calculat'ed wind velocity. Inasmuch as the coastal pile:-ups 

study is primarily devoted to describing natural ice pile-ups, the end 

result is a "static" description of the pile-ups. However particular 

attention will be paid to examining shear planes in the ridges and relating 

these to theories of the failure of granular materials. In the· reflec-

tometry study of crystal orientation the nature of the returns will be 

compared with the statistical characteristics of the crystal alignments. 

It is also hoped that this technique will be useful in revealing hori-

zontal discontinuities in the ice. 

IX. Deliverable Products: 

The main output from this program will.be· a series of CRREL reports 

focused on the different specific aspects of the program-outlined above. 
; 

Each of these reports will contain maps,
1
'graphs, photographs, and data 

tabulations selected to best illuminate the material being discussed. 

X. Quality Assurance Plan: 

In the ice movement studies from Narwhal Island a transponder was 

placed on land and ranges were determined continuously to it. This 

measurement of a fixed distance was used to check the operation of the 

system. Also for each value that ~as used, 5 independent measurements 

276 



were made. There were a few bad values but they were very easy to 

identify and discard. In the Bering Strait study there are several 

,clearly discernable land features that do not move and are located 

in the image (Fairway Rock, Little Diomede, and the barrier island 

that bo~nds Lopp Lagoon). If there are problems with distortion of the 

image they are therefore immediately apparent and can be corrected. The 

strength of the radar returns as shown on the photographic record is, 

however, set arbitrarily to bring out the maximum contrast of the sea 

ice features. 

XI. Archival Plan; 

Out program is completely· fo.cused on sea. ice. At the present time 

we do not plan to archive sea ice samples as they change with time unless . 

kept at very low temperatures, All sample characterization will be 

carried out in the field. If this plan changes we will ·then ~ile an 

archival plan. 

XII. Log:f.stics Requirements 

The only logi.stics requirement will be support -from NliRL for the 

Under-Ice Current Direction Study. The support required will consist of 

4 days ·of single Otter time, 10 days of skidoo and sled use. 

A specific listing of support requirements is as follows: 

Remote Sensing or Under-Ice Current Directions 

Point-of-Contact - W. F. Weeks 

B. Air Craft Support - Fixed Wing 

1. Location of_ Flights 

Local flights to advantageous ice sites between Barrow and 

Lonely. 

2. Types of Observations 

Aircraft used for transportation only. 
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3. Time of Flights 

Late March or April 1979. 

4. Days of operation 

4 days, approximately 5 flight hours per day. 

5. Relation to other investigation5 

No strong interactions but piggy-backing is possible 

6. Special equipment 

None 

7. Weights, etc. 

300 lbs. 

8. TYPe of aircraft 

Single Otter 

9. Source 

NARL 

10. Cost 

Approximately $175/ flight hour 

11. Number of people on board 

4 people 

12. Staging Area ) 

NARL 

D. Quarters and Subsistence Support 

I. Requi temen ts 

Food and lodging for 4 people for 14 days (max) each. 

2. Source 

NARL 

3. Man-day cost 

'V$90/day (depends on final rates set at NARL) 
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XIII. Anticipated Problems/ Contingency Plan: 

In the.event of an aircraft failure, a similar airplane can be· 

procured from commercial sources in Barrow. 

The ouly cure for bad weather is to wait for a better day. 

XIV. ·Information Required fl:'Om Other Investigators. 

All informatiQn on currents in the shallow waters of the Beaufort 

and Chukchi Seas. 

XV. Management· Plan 

All investigators involved with this program are experienced and 

have worked on a variety of sim:Uar programs in the past. General 

administrative control of tlle proje1..t will be handled by Dr. G. n. Ashton. 

Chief,. Snow and Ice Branch, CRBEL, who is well acquainted with the subject. 

area of the proposed studies. 

Major Milestones Date 

1. Tune-up and check radar at Tin City 30 October 1978 

2. Complete. crystal orientation pape~. (1978 data). 30 November 1978 

3. Complete final Narwhal Island paper 30 January 1979 

4. Complete field observations from Barrow 15 April 1979 

5. Complete coastal ice pile~ups paper 30 June 1979 

XVI. Outlook 

It is likely that we will ·propose some additional studies on ice pile-

ups. near shore ice m:>tions and the determination of fabric variations. (and 

cu'frent directions) via remote sensing. Additional analysis of the Bering 

Strait radar imagery will undoubtedly be proposed. 
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0 - Planned Completion Date 

X - Actual Completion Date 

RU f/ 88 PI: Weeks, Kovacs ------
!·:aj or Milestones: Reporting, data management· and other significant 
c~ntractual requiren~nts; periods of field work; workshops; etc. . . 

1978 ., 1979 
~~JOa XILESTO~ES .. 0 N D J F H A H J J A s 0 N 

1. Tune-up radar at Tin City 30 I 
2. Complete crystal orientation paper 115 I 

3. Complete pressure ridge review 1 

4. Complete field observations at Barr?:v 30 I . . . 
-N 

00 5 .. Complete coastal ice pile-ups 30 0 

6. Complete final Narwhal I. ~a per I 
1 ......... __ 
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... _L _,.. 

_· _l_ - - - -
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- -
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Technical Proposal 

I. Title: Current Measurements in Possible Dispersal Regions of the 
Beaufort Sea 

Research Unit No.: 91 
Present Contract No.: 03-5-022-67, T.O. 3 
Proposed Dates: 1 October 1978 - 30 September 197·9 

II. Principal Investigator: ,Knut Aagaard 

III. Cost: A. $60,300 
B. none 
c. $60,300 
D. Beaufort Sea - 100% 

IV. Background 

Until the present, physical oceanographic efforts in the Beaufort Sea 
have been concentrated in the two extreme portions of the continental shelf area: 
the very shallow (yet extensive) nearshore areas and the deeper parts of the 
shelf, The objective of this work has been to determine dispersal mechanisms 
for pollutants. The results of these efforts in the nearshore area (RU 526, 
Matthews) indicate a strong wind-driven mechanism, providing a net westward 
motion ·during the ice-free months. Meanwhile, results from the deeper part 
of the shelf ( > 100 m) by this research unit indicate a net eastward motion of 
water originating in the Bering Sea. These currents appear to be strongly 

( aligned along bathymetric contours and contain a strong low,...frequency component, 
comparable with meteorological frequencies. However, no obvious connection with 
meteorological events has been found. This flow continues year-round and its 
forcing mechanism is not clear. To date, little is known about flow under ice 
in the nearshore area. However, it is assumed that the motion is severely 
diminished except during storm-surges which probably cause substantial flows 
under the ice. 

These results have raised the following questions: 

2. 

3. 

4. 

5. 

How are these two flow regimes linked? 

What is the nature of the transition zone, and where is 
it located: 

What mechanisms exist fo~ cross-shelf transport through this 
transition zone and what is their temporal nature? 

Do the outer-shelf low-frequency components represent an 
indication of meteorological forcing that is possibly 
stronger in the transition zone? 

What is the seasonal variation of effects in the transition 
zone? 
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v. Objectives 

In order to answer these questions, measurements of currents and 
temperatures should be made along two sections extending across the apparent 
transition zone from the nearshore area to ·the outer shelf. 

VI;
VIII. 

Strategy and Methods 

In order to answer questions 1, 2, 3 and 5, research unit 91 would 
work cooperatively with research unit 526 in the following way: 

1. RU 526would deploy two bottom-mounted current and temperature 
instruments about l49°W, the offshore one being in water 20 m 
deep. 

2. RU 91 would deploy two moorings in the same section, each with 
two instruments. The mooring depths would be 60 and 100m. 

Question No •. 4 will be answered by a similar deployment along a second 
section near 146°W. 

These deployments would be made about the third week of February 1979 
by means of a combined logistical effort on the part of the two research units. 
Instrument recovery would be made in the following way: 

1. In order to avoid loss o! instruments, RU 526 would pick up 
the bottom-mounted instruments just prior to break-up of the 
ice in summer and re-deploy them just after break-up of the 
nearshore ice. 

2. At the end of the open water season .all instruments would be 
picked up by boat just prior to freeze-up or by helicopter 
after freeze-up. 

IX. Output 

1. Digital Data: Long time series of current meter measurements, 
including position, depth, time, current components, and 
temperature. See attached data products schedule. 

2. Narrative Reports: Narrative of the circulation on the Beaufort 
Sea shelf, including a calculation and analysis of vector means 
and trends over various time scales, examination of unusual or 
special current events with particular attention t~ processes 
related to the transition zone between the nearshore. 

3. Visual Data: Graphic presentations of current meter data. 
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(i.e. Ir.':erticial, cc~rds, cod-
3~~~~ic O~ga~i~~s, i~g sh~ets, 

et~.) t~?es, disks) 

Current Meter 

Mooring Lonely 2 Tape 
92m 

167m 

Mooring Lonely 5 
64m II 

84m 

Mooring Lonely 6 
68m II 

~ 188m 
00 
-1'-

Mooring Lonely 3 
65m II 

85m 

Mooring Lonely 4 
57m II 

178m 

Mooring Oliktok 1 
40m II 

50m 

Mooring Oliktok 2 
40m II 

90m 

Mooring Flaxman 1 
40m II 

50m 

Mooring Flaxman 2 
40m II 

9(1~ 

Esti::t~ted 

Volume 

DIGITAL DATA PRODUCTS SCHEDULE 

OCSEAP 
Forrn~t 

03-5-022-67, T.0.3 3 
20-4001 

Collection 
Period Sub~issic~ (Volume of 

processed data.) (If known) 

Proc<~ssing and 
Forn:a.ting done 
by Project 
(Yes or No) (1-!onth/Yc:lr to Honth/Year) (}!ont:'l/"ie: 

015 Yes 4/77 to ? ? 

015 Yes 3/78 to 10/78 1/79 

015 Yes 3/78 to 10/78 1/79 

015 Yes 11/77 to 10/78 1/79 

015 Yes 11/77 to 10/78 1/79 

· 015· Yes 2/79 to 8/79 12/79 

015 Yes 2/79 to 8/79 12/79 

015 Yes 2/79 to 8/79 12/79 

015 Yes 2/79 to 8/79 12/79 



File Type 015 

Current Meter 

Common to all records 
...-File Type 
~File Identifier 
fiRecord Type 
.,-Meter Number 

Record Type 1 - Text Record (optiontal) 
v11eter Number. 

Text 
~equence Number 

Record Type 2 - Master Record 
~titude/Longitude 
~Depth to Bottom 
~Depth of Current Meter 
t'Meter Usage Sequence Number 
.,Inst~tution Code 
vAxis Rotation 
V'tocation Name 
~umber of detail Records 

Record Type 3 - Detail Record 
~ear/Month/Day/Time 
rtast-Weat Current Component 
vNorth-South Current Component 

Temperature J 
Pressure if present 
Conductivity 

V Sequence Number 
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X. Quality 

Instruments will be calibrated at the Bonneville towing facility, at 
the Northwest Regional Calibration Center in Bellevue, and/or .with the University 
of Washington facilities as required. 

Normal.time series analysis will be used wit~ the current records. 

XI. Special Sample Plans 

None 

XII. Logistics Requirements 

See attached forms. 

XIII. Contingency Plan 

Full execution of the above program requires retrieval of instruments 
presently deployed in the Beaufort, scheduled for fall 1978, Should such 
retrieval not be complete, proposed instrument deployment will be reduced 
accordingly. 

XIV. Other Information Required 

As in VI - VIII above, in conjunction with RU 526. 
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C. AJ.R(.:ltAFT Slll'l'Oil'f - llEI.ICOl'TER 

J.. Delineate proposed transects and/or station scheme on a chart of the nrca. 
(Note: If flir,hts are for transport' of personnc!l or. equipment only from base 
camps to field camps and visa v~rsa, chart submission is not ncceosary but 
origin and def;tination pointe should be listC!d). 
The four mooring sites are approximately 40 and 46 nautical miles NNE .from Oliktok 
and 30 and 36 i:lat.~tical miles N from Flaxman Island. 

2. Describe types of ohserva tions to hC! t~adc. 
Deploy and retrieve moored current meters. 

3. . \·lhat is the optimum time chronology of' observations on a seasonal basis and llhat 
is the maximum allowable departure fr-om these opti::mm times? 
Deployment must be in· February 1979 and recovery in September 1979. 

4. How tnany days of helicopter operations are requirC!d and hm1 many flieht hours 
per day? 2-4 days are required to dep~oy and 4-8 days to recover, each of 

approximately 6 hours flying. 
Total flight hours? 36-72 hours, staging not included. 

5. Bow many people are required on board for each flight (exclusive of tl~ pilot)? 
3 men on deployment 
3-4 men onJrecovery 

6. \·n1at are the veights and dimensions of cqttipme~nt or supplies to he transp01:tcd? 
Total weight is about 3600 lbs. each mooring on deployment and recovery. 
All equipment can be broken doW11 to fit inside a Bell 205 or UHlH. 

7. \vhat type of helicopter do you reomrnend for your operationn and \vhy? 
Bell 205 or UHlH, based on previous experience. Must.have muff heater and VLF navigation. 

8. Do you recommend a particular source for the helicopt:'er? If "yes", please na;ne 
the source and the reason for your. recor.~"lendation. 

Charter, e.g. ERA, Evergreen, or NOAA, based on previous experience. 

9. \~hat is the per hour charter cost of the hclicoptl'r? 

N/A 

10. \·!here do you rcomrncnd that flights be star;cd from? 

Deadhorse/Prudhoe 

11. HilJ spC'c:i;ll nnvJr.<~tiou and cor.ununicaL.i.ons be req11ired? 

VLF (GLOBAL or ONTRAC) is required. 
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XV. Management Plan 

See attached milestone chart. 

XVI. Outlook 

No further work is anticipated once analysis of these data is completed. 

XVII. 1. Updated milestone charts· will be submitted quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Off{ce during the contract by the first day of' 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submitted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated ·repository an conformity with OCSEAP voucher 
specimen policy. · · 
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4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract yenr to review ~roject status and pro~rcss. Such 
reviews \dll be scheduled on dotes mutually satisfactory to 
both parties. It is understood that contG of the trnvel 
and per diem for these trips \vlll be borne by the Project 
Office. 

5. Data will be provided in the form and format spec:Lfied·hy 
OCSEAP, accompanied by a Data Document'atio~ 'rcirm (DDF 24-
13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data colle~tion period, unless a 
\vritten waiver has been .received from the project Office. 

7. Within 10 days of the completion o{ a cruise or any data 
gathering effort, a ROSCOP data collection inventory ·form· 
(NOAA 24.:.23) \dll be submit ted to the Proj cct Data Hanager. 

8. 1'itle for all proper!:y purchased Hith .OCSEAP fur1ds remains 
with the U.S. Government pending disposition at .con):ract 
expiration •. Nm• equipment purchased \vi11 be reported 
quarterly and inventoried annually. 1'he PI \vill main
tain inventories of all expendable and non-expendable 
equipment purchased \·lith OCSEAP funds. Information Hill 
be recorded as shmm on form CD-281, "Report of Government 
Property in Possession of Contractor'' (copy attached}. 
Updated copies of these inventories will be submitted 
quarterly •. 

9. Three (3). copies of all manuscripts for publication 
or present~tlon Hbict pe~tain to teL~nical or scie~tific 
material developed under OCSEAP funds \vill b('\ submitted to the 
appropriate Project Office at least sixty (60) days prior to. 
release, for information and for fonvarding to BUI. The 
release of such material Hithin a period of less than sixty 
(60) days shall be made only \vith pricn \vritL·cn consent of the 
Project. Office. Nm•s releases Hill first be cleared \vith ·the 
appropriate Project Office. 

10. All publications and presentations of mnterinl developed 
under OCSEAP funds will ncknO\vled!je IIUI/OCSEAP sponsorship. 
The follO\dng ncknO\vlcdgment: is st<md<trd: 

"This study was supported by the llureau of Land Hnn
agement through :i.nterar,ency agrec!ment \vith tlw llationnl 
Oceanic nnd Atmospheric Administration, under Hhich a 
multi-year procram responding to 1tecds of petroleum 
development of the Alaskan continental Rhclf is managed 
by the Outc~r Continental Shelf Environmental Assessment 
Program (OCSEAl') Office." 
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To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

Research Unit Number 105 

FY 1979 RENEWAL PROPOSAL 

Proposal Date: 30 June 1978 

Contract No: 01-5-022-2313 
Task Order No --------
NOAA Project No: ________ __ 

Institution ID No: USACRREL 

TITLE.: Delineation and Engineering Characteristics of Permafrost Beneath;;.___t_h_e ____ _ 
Beaufort Sea 

Cost of Proposal: $65,000 Lease Area: Beaufort Sea 

Period of Proposal: October 1, 1978 through September 30, 1979 

Required Signatures: 

&d4cr~-n--.-
PAUL V. SELLMAm~, PI 
U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 
Telephone: (603) 643-3200 Ext. 318 

r-~~Q \tn"llDWIN J. CHAMBERLAIN, P':.::I-'--------
U.S. Army Cold Regions Research a~d Engineering Laboratory 
Hanover, .New Hampshire 03755 
Telephone: (603) 643-3200 Ext. 236 

-~L j 0 7-k\t1 fVVU ~ 
.fRANK J. ~0: Comptrol:tt 
U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 
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Commander and Director 
U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 
Telephone: (603) 643-3200 Ext. 200 
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TECHNICAL PROPOSAL 

I. Title: 

Delineation and Engineering Characteristics of Permafrost Beneath 
the Beaufort Sea. 

Research Unit Number: 
RU-105 

Contract Number: (For current year) 
01-5-022-2313 

Proposed Dates of Contract: 
1 October 1978 - 30 September 1979 

II Principal Investigator(s): 

Paul V. Sellmann 
Edwin J. Chamberlain 

III. Cost of Proposal for Federal Fiscal Year (FY79): 

A. Science • . $65,000 

B. PI provided logistics 0 

C. Total $65,000 

D. Lease Area: 

Beaufort Sea - About 90% of the total effort will be in this 
lease area. Some data may be examined beyond its limits, although this 
information should be applicable to the Beaufort Sea study. 

IV. Background: 

Drilling, probing and seismic methods and the analysis of core data 
have provided useful information on the occurrence, depth and characteristics 
of subsea permafrost in the Beaufort Sea. From these local s.ite 
specific investigations (carried out by RU 105, as well as RU's 204, 253, 
271 and 473) regional extrapolations now have to be made. These are 
partially carried out by RU's 253, 473 and 516 (thermal regime, shoreline 
history, etc.). A promising means of regional investigation of the extent 
and position of the top of bonded subsea permafrost is through seismic 
methods as indicated from recent studies in the Canadian Beaufort Sea. 
This can be done by reprocessing the upper part of seismic records obtained 
by commercial and industry sources for petroleum exploration. The final 
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interpretation of these regional seismic data depends on availability of 
control data acquired as part of the probe and detailed seismic studies 
from current RU 253 and 273 activities. The control also is provided 
by the geological investigations such as RU 204 and RU 473. The specific 
importance of these projects lies in determining whether seismic data are 
yielding information on the top of bonded permafrost or other lithologic 
differences in the section. 

V. Objectives: 

Obtain data on.the occurrence and depth of shallow subsea permafrost 
on the Beaufort Sea continental shelf. This information would be used in 
:•.ssessing the hazards that permafrost presents to offshore development. 

VI. General Stra:~tegy and Approach: 

Assuming the results of the current pilot study are promising, 
additional seismic data coverage will be acquired in an attempt to determine 
distribution patterns of shallow, high velocity layers that may be the top 
of bonded permafrost. The objective would be to acquire several lines 
through the lease area and determine what permafrost information they 
contain. The program will also be coordinated with the proposed CRREL 
chemistry study of samples obtained as part of the new USGS Conservation 
Division Subsea Permafrost project. Results of studies of some specialized 
engineering properties that may be conducted at CRREL, as part of the new 
USGS program, will be incorporated with previous engineering property 
investigations. 

VII - VIII. Methods: 

The spacing and location of seismic data selected for analysis will 
depend on the distribution of available data and on areas having some 
subsurface control. An attempt will also be made to acquire some processed 
data from closely spaced lines to determine lateral variability. It now 
appears that data will be available across the lease area. The depth of 
detectable high velocity layers will be plotted along the seismic lines. 
Supplemental data from any drilling program and data generated by 
RU's 253, 271, 473 and 516 will be used to determine if high velocity zones 
correspond with the position of the top of bonded permafrost. This approach 
has been covered in detail by Hunter et al, 1976 (Permafrost and Frozen 
Sub-sea Bottom Materials in the Southern Beaufort Sea. Beaufort Sea 
Technical Report No. 22, Beaufort Sea Project, Department of the Environ
ment.) 

IX. Deliverable Products: 

A. Digital Data: (None.) 
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B. Narrative Reports: 

Since reporting during the FY78 program was restricted primarily 
to the chemistry and engineering property studies, emphasis will be placed 
on the seismic study during 1979. In addition to quarterly and annual 
reports, one report will cover all results of the seismic studies, ~vith a 
discussion of methods and results of determining the extent of the top of 
bonded permafrost, including the confidence level that should be assigned to 
both methods and results. 

C. Visual Data: 

The map information included in the report will locate zones 
where the top of bonded permafrost was indicated by seismic and control 
data. Supporting information on material properties and distribution of 
sediment will be included when available. 

D. Other: None. 

X. Quality Assurance Plan: 

The only procedures employed that may require discussion are those used 
for processing the field seismic data. The techniques used will be the 
same as those that have evolved from the Canadian Beaufort Sea study. 
These techniques, involving increasing the gain on this part of the record, 
have provided considerable data on the first high velocity returns. The 
data used for most of the study will be processed by the company that 
processed the Canadian data. Results of the current pilot study will also 
indicate if records are of adequate quality for the.project to continue. 

XI. Special Sample and Voucher Sample Archival Plans: Not applicable. 

XII. Logistics Requirements: None. 

XIII. Anticipated Problems: 

Record quality may vary considerably depending on parameters such as 
water depth and properties of the subsea sediments. It will be determined 
if records can be obtained that are suitable for interpretation before (FY79) 

I . 

funding has been transferred to the project. This will be based on limited 
existing data and new data that are b'eing processed. 

XIV. Information Required from Other Investigators: 

All information on permafrost distribution and properties, and the geology 
of the lease area, will b~ required. Coordination continues between all work 
units in the subsea permafrost program. A recent meeting was held at CRREL 
in an attempt to integrate some of the results of the CRREL-USGS efforts. 
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A~. Management Plan: 

Coo~dination will be maintained with Beaufort Sea subsea permafrost 
projects as well as with Canadian co-workers. A working session will be 
arranged with Osterkamp and Harrison and USGS personnel to review program 
results .and determine future thrust of our activities. 

HILESTONE CHART 

Major Milestones: Reporting, data management and other significant 
Contractual requirements; periods of field work; 
workshops, etc. 

1978 1979 
--,----· 

MAJOR MILESTONES 0 N D J F M A M: J J A s 

Acquire unprocessed industry data 

Have data adjusted and processed 

Analyze seismic data 

·Analyze core properties - - r t-- - t- - - r-- - -

Prepare report summarizing results 

XVI. _ Outlook: 

0 

If the study of industry type seismic data provides all anticipated 
results and a large amount of promising data remains available, attempts to 
continue the effort will be made,possibly on a jointly funded basis. 

N 

XVII. The following standard statements are to be included as Section XVII of 
all FY79 proposals and will be binding under the contract: 

A. Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the Project 
Office upon request. 

B. Quarterly Reports will be submitted to the appropriate Project Office 
during the contract by.the first day of January, July, and October; Annual 
Reports by April 1. The Final Report will be submitted within 90 days of the 
expiration of the contract. 
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C. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be preserved, 
labeled, held, and shipped to an official OCSEAP-designated repository 
in conformity with OCSEAP voucher specimen policy. 

D. At the option of the Project Office the PI is prepared to travel to 
the Project Office at least twice during the contract year to review project 
status and progress. Such reviews will be scheduled on dates mutually 
satisfactory to both parties. It is understood that costs of the travel and 
per diem for these trips will be borne by the Project Office. 

E. Data will be provided 'in the fo~ :and format specified by OCSEAP, 
accompanied by a Dat~ Documentation Form (DDF 24-13). 

F. Data will be submitted within 120 days of the completion of a cruise 
or three months 'data collection period, unless a written waiver has been 
received from the Project Office. 

G. ~vithin 10 days of the completion of a cruise or any. data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24:..23) will be sub
mitted to the Project Data Manager. 

H. Title for all property purchased with· OCSEAP 'funds remains with the 
U.S. Government pending disposit.ion at contract expiration. ;>Jew equipment 
purchased will be reported quarterly·and inventoried annually. The PI 
will maintain inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded as shown on 
form CD-281, "Report of Govern~ent Property in Possession of Contractor" 
(copy attached). Updated copies of these inventories will be submitted 
quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 
which pertain to :technical or scientific material -ieveloped under OCSEAP 
funds will be submitted to the appropriate Project Office at ieast sixty 
(60) days prior to release, for information and for forwarding to BLM. The 
release of such material within a period of less than sixty (60) days shall be 
made only with prior written consent of the Project Office. News releases will 
first be,cleared with the appropriate P~oject Office. 

J 

J. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 
acknowledgment is standard: 

"This study was supported by the Bureau of Land Management through 
interagency agreement with the National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to needs of petroleum development 
of the Alaskan continental shelf is managed by the Outer Continental Shelf 
Environmental Assessment Program (OCSEAP) Office.n 
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TO: Bering Sea-Gulf of Alaska Project 
Office, Outer Continental Shelf 
Environmental AssesSment Program, 
P.O. Box 1808, Juneau, Alaska 
99802 

J;lROPOSAL DATE: 1 July 1978 

INSTITUTION ID #: 105-22' 

F:t 1979 RENEWAL PROPOSAL 

Research Unit No. 108 

Title: SIMULATION MODELING OF MARINE BIRD POPULATION ENERGETICS, FOOD 
. CONSUMPTION, AND SEN~ITIVITY TO PERTURBATION 

Cost of Proposal: $50,000 Lease Area: Kodiak 

Period of Proposal: October 1, 1978.t~rough September 30, 1979 

PRINCIPAL INVESTIGATOR: 

Name: Date: t ~ l'i7f' 
Signature: 
Address: D 

87131 

INSTITUTION: Department of Biology, University of New Mexico 

REQUIRED ORGANIZATION APPROVAL: 

Signature: 
Position: Chai an, Department of Biology 
Address: Dep~ tment of Biology, University of 

New Mexico, Albuquerque, New Mexico 87131 
Telephone Number: 

r ORGANIZATION FINANCIAL OFFICER: 

N~e: E~V;;rrector 
S1gnature~~ .!. s;:::------.. 
Address:office of Research Adminis~ion 

Bandelier West, University of New Mexico 
Telephone Number: (505)277-3746 or 2256 
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I. TITLE: 

RESEARCH UNIT NO. : 

CONTRACT NUMBER: 

PROPOSED DATES OF 
CONTRACT: 

TECH~ICAL PROPOSAL 

Simulation Modeling of Marine Bird Population 
Energetics, Food Consumption, and Sensitivity 
to Perturbation 

108 

NA 

1 October 1978 - 30 September 1979 

II. PRINCIPAL INVESTIGATOR: John A. Wiens 

II I ; COST OF PROPOSAL 

A. Science: $50,000 

B. PI-provided logistics: none 

c. Total: $50,000 

D. Distribution of Effort by Lease Area: Kodiak (100%) 

IV. BACKGROUND 

Consideration of population energetics of marine birds is an important avenue 

of research in OCS programs for several reasons. First, marine ecosystems are 

structured around the patterns and magnitudes of energy flows between ecosystem 

components. Given this, it follows that at least one way to assess the overall 

impact, role, importance, or potential sensitivity to disruption of a component 
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such as marine bird populations in the system is to measure the energy flow through 

these populations (e.g. Wiens and Dyer 1977). Second, energetics directly link 

marine bird populations to the oceanic areas they use for feeding, and consideration 

of energy demands may thus provide a means of assessing the importance of fe~ding 

areas. Third, several research efforts in the Alaskan OCSEAP program have generated 

data on diverse aspects of marine bird biology (e.g. breeding colony structure, 

food habits, pelagic distribution and abundance, flock dynamics), and energetic 

measures can provide a common organizing framework within which these different 

data sets can be combined. Finally, since the energy demands of individual organisms 

directly reflect metabolic processes, they may be among the more sensitive asp~cts 

of marine bird biology in responding to local environmental perturbations (e.g. 

oil development accidents). If we can somehow measure or estimate the energy 

dynamics of marine bird populations, then, it is likely that we can project the 

interrelationships between these populations and the marine environment with 

substantially better understanding, or at least in an important additional dimension, 

than at present. 

Obtaining information on the energy demands of natural populations of free

living birds at sea, however, is virtually impossible. Faced with this fact, we 

have chosen to employ computer simulation models that incorporate data on basic 

life history attributes and metabolism to derive estimates of population dynamics 

and energy demands. A model (BIRD II} developed by Wiens and Innis (1973, 1974} 

was expressly designed with such objectives in mind. This model generates estimates 

of patterns of population size changes, energy demands, and food consumption rates 

for marine bird species, using data that are generally more readily available than 

the estimated variables. The simulation model contains three basic submodels. In 

the. population submodel, information on population sizes at selected points in time 

(as obtained, for example, from colony censuses), reproductive biology and timing, 
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and mortality is used to project daily estimates of the population size of each 

age class of each of up to .15 species. The second submodel generates estimates 

of individual, age class, population, and total aggregate energy demands using 

data on ambient temperatures, photoperiod, body weights, growth patterns of young, 

and basic metabolic,relationships. A third submodel combines the daily energy demand 

estimates with information on dietary composition at several points in time to 

project food consumption rates for various major prey categories. 

This modeling approach has now been applied to a wide variety of situations, 

ranging from local populations of grain-feeding blackbirds (Wiens and Dyer 1975) 

through breeding bird communities of coniferous forests or grasslands (Wiens and 

Dyer 1977). The approach has served as the foundation of our initial investigations 

of marine bird energetics in the vicinity of the Pribilof Islands during 1977-78, 

and is the basis of extensions of energetics modeling into a heterogeneous spatial 

framework (see below). There are two applications of·this modeling approach to 

seabirds that are relevant to the research proposed here, and which thus merit 

brief review. 

1. Oregon Seabirds.--Wiens and Scott (1975) employed the BIRD model to explore 

the patterns and magnitudes, of population density changes and population energy and 

food demands in Oregon·populations of Sooty Shearwaters, Leach's Storm-petrels, 

Brandt's Cormorants, and Coi:nrnon M.urres on a st~te-wide basis. Using information 

no more detailed (and in some cases less detailed) than that obtained in several of 

2 
the OCSEAP studies, they determined that murres required 3~5 kcal/m /year, cormorants 

2.3, shearwaters 1.7, and storm-petrels 0.1. The species occupied different-sized 

2 
ocean areas, however, and when these per m values were adjusted to consider the 

total area occupied by each species population the overwhelming dominance of 

shearwaters in the energy dynamics of the bird community became apparent. Shearwaters 

are transients along the Oregon coast (as they are in Alaskan waters), but during 
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their fall passage they consumed nearly seven tim~s as much energy as any of the 

other species. By combining information on dietary habits with model estimations 

of energy demands; patterns of food consumption of. these populations could be 

estilllGlted·by,the·model. Murres annually consumed·nearly twice as many herring as 

any other prey,·and consumed roughly equal quantitie~ of anchovY, smelt, cod, 

and rockfish· •. Cormorants consumed a relatively small quantity .of bottom-dwelling 

fish, while storm-petrels took roughly equal .quantities of euphasids·~d hydrozoans. 

Anchovies, accounted for 43% of the 62,500 metric tons of prey the four species were 

estimate~ to consume annually, and 86~ of the anchovy consumption was by shearwaters. 

Wiens and Scott calculated that consumption of pelagic fishes by these four bird 

species populations within the neritic zone might-represent as much as 22% of the 

annual production of these fish, an estimate ·closely paralleled by that obtained 

through similar modeling. procedures by, Furness (1978)· for Shetland marine bir.ds. 

2. Gulf -of Alaska-Pribilof·Islands Marine Birds.--A more recent application of 

the BIRD model has evaluated energy. flow on a broad scale in marine birds in the 

Gulf of Alaska, and on a narrower scale in Pribilof Island breeding seabird colonies, 

both employing data gathered·during OCSEAP investigations. The first of these 

applications. used data gathered on pelagic transect censuses in the Gulf of Alaska 

from August·l97'5 to November 1976 as part of the·initial phase of research in RU 

No. 108.' Total energy flow through pelagic bird· populations in the Gulf was greatest 

in the Kodiak area during August-September (24,300 kcal/km
2
/day), but varied both 

between areas and with season (Fig. 1), primarily as~a consequence of movements of 

species populations associated with reproductive status. As·in the Oregon coastal 

ecosystem, shearwaters were usually·the energetically dominant species, accounting 

for up to 92% of the total community energy demand·. 

A.second set of model analyses considered the dynamics of breeding marine bird 

colonies associated with St. Paul and St. George in the Pribilof il:slands, using data 
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Fig. 1. Apportionment of total energy demand among the species groups recorded 
during transect censuses in five areas of the Gulf of Alaska/southeast Bering 
Sea, according to time of censusing. 
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gathered during transect censuses by George Hunt and his colleagues in their OCSEAP 

studies. By expressing the densities of seabird censused during Hunt's transects 

for each 10' x 10' latitude-longitude block in the survey area about the Pribilofs, 

we could project the spatial patterns of energy flow in some detail. Total community 

energy demand was concentrated in the area about St. George (Fig. 2~, largely as a 

result of the major contribution of murres to community energetics (Fig. 3). There 

also en~rgy demands varied both with season and year, and different species populations 

exhibited different spatial patterns of energy demands in relation to distances from 

islands and depth of water, especially in relation to the continental shelf break. 

The model analysis revealed that the area about St. George is obviously quite 

important in terms of overall avian energy demands, and some other foci of apparent 

feeding concentration also appeared to be critical. 

These examples indicate the directions application of a simulation modeling 

approach to marine bird systems can take. Current research in RU No. 108 is 

extending the analysis of the Pribilof Islands data to consider interrelations of 

breeding attributes and performance at' the colony to.the patterns and magnitudes 

of energy flow 'from areas surroilnding the colony, and is explorin~ the potential 

effects of various perturbations in the system via simulatio~. The modeling approach 

has also proven'to be useful in defining areas in which the present data base is 

unsatisfactory, and in fact during his 1977-78 studies Hunt modified his data 

collection scheme to rectify some deficiencies in the data base revealed by our 

preliminary analyses. 

V. OBJECTIVES 

The objectives of this research are to use simulation model analyses to estimate 

the energy demands and food consumption patterns of marine bird populations in space 

and time, emphasizing dynamics of major colonies in the Kodiak lease area for which 

baseline data are available from, other OCSEAP investigations. Our analyses will ·use 

and synthesize existing data derived from field investigations of these colonies to 
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Fig. 2 ~·.Plotting of contours of total marine bird "co~unity" energy 
demand for the intensive analysis area about the Pribilof Islands. G 
St. George, P = St. Paul. 
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Fig. 3, Plottings of contours of frequency of occurrence of murres in 
the intensive analysis area. Contour intervals (0.02) indicate 
the frequency of occurrence of the group in 20' blocks, as derived from 
weighted averages of transect. censuses. 
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project daily and seasonal patterns of energy demand and food consumption for major 

life stages of the dominant and/or most important bird species, and will consider 

the distribution of such population bioenergetics in the space surrounding the 

colony locations. The simulation powers of. these models may be used as a gaming 

tool to project the effects of varying baseline conditions of the environment and/or 

the populations on the patterns of energetics or trophic dynamics. In these simulation 

exercises, attention will be focused ?n alterations that might accompany environmental 

changes related to.oil development, especially oil spills. Such analyses will serve 

to identify gaps in the existing knowledge of these marine bird systems and so specify 

species, time periods or areas within the lease area that may be especially sensitive 

to oil development, or that may serve as indicators of environmental quality. The 

approach also may serve as a basis for making standardized comparisons between 

different lease areas or colonies, in which similar data sets have been gathered by 

different OCSEAP observers. 

VI. STRATEGY AND APPROACH 

There are three phases to the research proposed here, which follow in sequence. 

1. Data Acquisition.--As our modeling operates on a data base gathered in other 

OCSEAP field investigations, the initial phase of any analysis is to obtain and 

clarify the available data. Our experience with Hunt's group in the Pribilof Islands 

analysis during 1977-78 has indicated that tQas is itself a major task. While 

I 
conscientious OCSEAP investigators have filed timely and complete reports of their 

research findings with NOAA offices, these frequently ·contain data summarizations, 

while our needs are often for more detailed or "raw" data. As a result, this initial 

research phase involves close personal cooperative work with the investigators who 

have been actively involved in gathering the data we intend to use in the model 

analyses. For the work in the Kodiak lease area, we will rely primarily on information 

gathered as parts of RU ~o. 337, "Seasonal Distribution and Abundance of Marine 
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Birds" (C. Lensink and K. Wohl, Principal Investigators) and RU No. 341, "Population 

Dynamics and Trophic Relationships of Marine Birds in the Gulf of Alaska" (C. Lensink 

and K. Wohl, Principal Investigators). In particular, investigations carried out 

in the Barren Islands, Chiniak Bay,· Sitkalidak Straits, and perhaps the Wooded 

Islands and/or Chowiet Island appear to have good possibilities for providing adequate 

information for model analyses, but the final decision of which colonies to model will 

follow a comprehensive review of colony work in the Kodiak lease area. 

Initial contacts will be made with these investigators early in fall 1978. In 

general we will follow the procedure of first explaining to an investigator what 

information we desire, in what level of detail. After the investigator has been given 

sufficient time to prepare the necessary data, a member of our group will travel to 

meet with the investigator to spend several days reviewing the data and the modeling 

efforts so that both parties fully understand the nature of the data and the uses to 

which they will be put. Following the model analyses and initial interpretations of 

the results, we will contact the field investigator again to review our analyses and 

interpretations and modify them, if necessary, in accordance 'with the knowledge and 

insights of the individuals actually involved in field studies of the populations we 

have modeled. 

2. Data Processing.--Once the necessary data have been gathered from the field 

investigators, we must subject them to initial processing to place them in a 

computer-compatible format and/or to derive the actual values used in the model 

structure. This step serves both to "clean" the data sets (i.e. identify and resolve 

any discrepancies in the data, mark missing values, etc.) and to undertake some 

preliminary analyses that are specifically tailored to our modeling paradigm. 

3. Model Analysis and Simulation.--Once the essential data have been placed 

into the proper form and coded for computer analysis, we subject each data set to 

several modeling exercises, depending upon the adequacy of the data set and its 
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position in relation to our overall objectives. Each data set is analyzed to derive 

estimates of population bioenergetics and (where appropriate) population dynamics 

and food consumption rates. In addition, selected colony data sets are analyzed to 

determine the spatial distribution of energy demands, where suitable information on 

the off-colony distribution of birds at sea is available from quantitative transect 

census in the area. Such data sets may also be subjected to model analyses exploring 

the influences of these spatial patterns on colony reproductive output. Finally, 

the energetics of major colonies can be subjected to simulated perturbation analyses, 

in which different feeding areas for the colony are disrupted at varying times and/or 

for varying lengths of time (as by oil spills), and the influences on energy flow 

or colony productivity examined. 

The emphasis of the 1978-79 studies for the Kodiak lease area will be on several 

of the major breeding colonies, partly because these sites generally provide the most 

complete and reliable data sets, and partly because the dynamics of colonies are so 

important in considerations of petroleum development, as it is the breeding colonies 

and the attendant concentrations of seabirds that are more likely to be affected by 

oil events than the broadly-ranging pelagic populations. 

A. Sampling Method.--Not applicable, since no new data will be gathered by this 

project, other than computer simulation output • 
. ,i 

B. Analytical Methods.--The analyses of the data sets are part of the model 

structuring, described above. However, we are presently working to define manners 

to generate confidence intervals about model estimates of energetic values, in a 

manner paralleling that suggested by Furness (1978). Any analyses of the "raw" data 

that we undertake involve conventional calculations of means and variances, where 

appropriate. Part of the presentation of the results of the analyses of the spatial 

distribution of energy flow involves calculations and graphings of contours of 

space-use probabilities, following the procedures of Ford and Krumme (in press); as 
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Dr. Ford is a member of our research team, this procedure is straightforward and 

direct. 

VII. DELIVERABLE PRODUCTS 

A. Digital Data.-~No new digital data will be.generated in this project. Instead, 

use will be made of existing data gathered by other OCSEAP investigators to conduct 

computer simulations. Implementation of these simulations will involve coding these 

data in a format appropriate for input to the BIRD model. This will be done by the 

staff of the project at the University of New Mexico. 

B. Narrative Reports.--Reports will provide detailed descriptions of the model, 

documentations of new computer programs developed, and analysis and interpretation of 

results based on various inputs to the models. Major information gaps and sensitivity 

of populations to environmental changes or oil spills will be discussed. 

c. Visual Data.--Visual displays or computer graphics will be submitted showing 

(1) areal and temporal changes in population densities and energy demands for major 

life stages of selected species or species groups; (2) daily energy demands for major 

life stages of selected species; and (3) effects of altering model constants or input 

variables on estimates of energy demands and population densities. 

D. Other Non-digital Data.--None. 

E. Data Submission Schedule.--Not applicable. 

VIII. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

As no samples are being collected in this research, there is nothing to be 

archived. 

IX. LOGISTICS REQUIREMENTS 

As no direct field investigations are involved in this project, we have no 

special logistics requirements. 

X. ANTICIPATED PROBLEMS 

A project such as ours places great reliance on data gathered by other OCSEAP 
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investigators. Our general research plan. involves close cooperation with key field 

investigators as the initial phase, and the model analyses and simulations are 

dependent upon the success of this initial phase in identifying m1d obtaining the 

critical data promptly. We intend t~ work closely with the field investigators, 

the Principal Investigators, and personnel in the Juneau Project Office to insure 

that no problems arise in obtaining the critical information. This effort must be 

truly cooperative, as it is partly our responsibility to explain fully to investigators 

how and why we intend to employ their data so that they will not feel pre-empted .or 

jeopardized, and partly the responsibility of the investigators to provide OCSEAP-

generated data to a companion OSCEAP project in a timely manner. Our contingency 

plan for a failure to obtain information needed for a given colony is, first, to 

use all possible avenues to obtain the data; failing that, second, to employ estimates 

or ad hoc assumed values as substitutes for some real values in the model analyses, 

keeping the attendant limitations in mind throughout the exercise; or, if that 

involves too many assumptions, third, delete the colony analysis from the overall 

project. We are confident that the final contingency will not need to be followed, 

but the second may be necessary in some cases. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

In order to perform model analyses for a given marine bird population or 
j 

assemblage, information is required on severa~ aspects of population size, reproductive 

phenology and performance, individual growth rates, and population distribution.. More 

specifically, the inputs required for population size for each species are: a) pre-

breeding population density, b) breeding population density, c) the proportion of 

(b) that are reproductively active females, and d) the population size at the 

conclusion of the breeding season. For reproductive phenology and performance, we 

require for each species: a) the times at which immigration to the colony by breeding 

birds begins and is completed, b) the times at which emigration of adults from the 
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breeding colony begins and is completed, c) the times of emigration onset and 

completion for juvenile birds, d) the dates on which incubation of the initial 

clutches for the population is initiated, and on which incubation of the last 

complete clutch for the population is initiated (better than this is actual 

information on the number or proportion of clutches being incubated during each 

week), e) the duration of the incubation period, f) the duration of the nestling 

period, g) the duration of the fledgling period, h) the clutch size (mean and 

variance, or, better, actual frequency distribution for the.population), i} the 

hatching success of.eggs, j) the fledging success of nestlings, k) the survival 

of young birds during the fledgling stage, and 1) the non-breeding mortality rates 

of adult and young-of-the-year. For individual growth rates, information is 

required for eacp species on: a) adult body weight, a~d b) actual daily or at 

least frequent me~sures of weights of growing young as a function of age; failing 

that, weights at hatching and fledging are essential. For population distribution, 

we require information on the number of individuals that are associated with 

a breeding colony that are present .in specified spatial blocks at varying distances 

from the breeding colony. 

Obviously, few studies can supply detailed quantitative information on all of 

, these parameters, and where values are lacking or are fuzzy in their resolution we 

must employ approximations or substitute values from other areas or from the 

literature. In this phase, close consultation with the field investigators is 

essential. 

our studies will concentrate on the most completely-studied colony locations 

in the Kodiak lease area. These will be defined through examination of the seabird 

colony survey findings (RU No. 338) and through discussions with investigators in 

the studies of colony dynamics undertaken as part of RU No. 341. At the present 

time, colony locations on the Barren Islands, Chiniak Bay, in Sitkalidak Straits, 
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and perhaps the Wooded Islands and/or Chowiet Island appear to be possibilities 

for concentrated attention. Final selection of colonies for detailed simulation 

analysis will be made in December 1978, after careful review with the Principal 

. ·Investigators, ·the· field persorinel, and the staff of the Juneau Project Office 

overseeing activities' for the Kodiak Lease area. 

XII. ACTIVITY/MILESTONE CHART: Attached 

XII I. OUTLOOK 

. Part of the intention iri developing this modeling approach to the analysis of 

marine bird population dynamics and energetics is 'to provide a synthesizing 

framework for . consolidating the results of inany divergent OCSEAP·. bird . studies 

within ·a common framework. l:n this ·way·, the "role" or "importance" or "sensitivity" 

of colonies in different areas may be objectively compared using at least one· coinmon 

framework. This is not to say, of course,: that an energetics-based approach ~uch 

as we are following is necessarily the only or the best approach for assessing 

colony dynamics, but it is one approach ·that we feel is operational and realistic. 

Our initial studies during FY 1978 have produced·advances in the structuring 

of the models and ·in our knowledge of how to deal wit!. the aS"similation and processing 

of data gathered by other in~estigator~, and our proposed activities :during 1979 

' will apply this approach to colonies in another lease area. This pattern has two · 

rather obvious future extensions. 
i 

First, we feel that it is a mistake to undertake 

model analyses of a given set of colonies for a year and then leave that area to 

concentrate our efforts entirely elsewhere. Our initial simulations of the 

Pribilof Island colonies, for example, suggested to George Hunt improvements in his 

data collection scheme that could provide better information for our model input 

requirements, and he is impiementing some of these during his 1978 field studies. 

By the time his results are at hand, however, our emphasis will have shifted from· 

the Pribilof area to the Kodiak area~ there is no provision in the FY 1979 contract 
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for continuation of model analysis of.the Pribilof colonies. In a like manner, 

should our efforts be shifted to another lease area in 1980, any suggestions that 

we would make for improv~ments in data collection in the Kodiak area as a result 

of our modeling exercises would not be able to be recycled into improving subsequent 

analyses of the Kodiak area. There should be some mechanism to insure continuation 

for more than one year of modeling ~fforts fqr specific colonies, at least where 

field data collection at those colonies is continuing. Second, it seems likely 

that with the present manpower and funding level, we should be able to undertake 

a model analysis· of 3-4 major colony locations in a given lease area each year, 

provided good:data exist for the· colonies and the field investigators are cooperative. 

Exactly where ,.the modeling efforts . should be applied following FY 1979 depends upon 

the priorities of areas for lease sales and upon the adequacy of existing field 

data on primary colony locations in those <;~.reas; these should be considered well 

in advance of the establishment of contract guidelines, so that initial liaison with 

field investigators and Principal Investigators may be established early. 

XIV. PROGRESS REPORTS 

A. Updated milestone charts will be submitted quarterly. A schedule for 

processing and analysis of past year's data will be submitted to the Project Office 

upon request. 

B. Quarterly reports will be submitted to the appropriate Project Office 

during the contract year to be in OCSEAP-hands by the first day of January, July, 

and October. Annua·l Reports are due by April 1. The Final Report will be submitted 

within 90 days of the expiration of the contract. 

c. Where biota are concerned,. all species and higher categories will be 

represented by the voucher specimens that will be preserved, labeled, held, and 

shipped to an official OCSEAP designated repository in conformity with OCSEAP voucher 

specimen policy. Vouchering will include life history stages (e.g., larvae, juveniles, 
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adults) when these are studied, and sexes where these are morphologically 

distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the Project Office 

at least twice during the contract year to review-project status and progress. Such 

reviews will be scheduled on dates mutually satisfactory to both parties. In 

addition, the PI may be requested to participate in program review or synthesis 

meetings as required. It is understood that costs of the travel and per diem for 

these trips will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager,in the form 

and format specified in Deliverable Products Section VII, A thru E. Digital data 

submissions will be accompanied by a_Data Documentation Form (NOAA Form 24-13). 

F. Digital Data will be submitted to the.Project Data Manager within 120 

days of the completion of a cruise or three month data collection period, unless 

a written waiver has been received from the Project Office. The NODC Taxonomic 

Code is to be used for biological data submissions~ 

G. Within 10 days of the completion of a cruise or any data gathering effort, 

a ROSCOP data collection inventory form (NOAA Form 24-23) will be submitted to the 

Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with the U.S . 
. i 

Government pending disposition at contract e~piration. All new equipment purchased 

will be reported quarterly and inventoried annually. The PI will maintain inventories 

of all expendable and non-~xpendable equipment purchased with OCSEAP funds. Information 
I 

will be recorded on Form CD-281, "Report of Government Property in Possession of 

Contractor." Updated copies of these inventories will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or. presentation which 

pertain to technical or scientific material developed under OCSEAP funds, will be 

submitted to the appropriate Project Of.fice at least sixty (60) days prior to release, 

314 



21 

for information and for forwarding to BLM. The release of such material within 

a period of less than sixty days will be made only with prior written consent of 

,the Project Office. News releases will first be cleared with the appropriate 

Project Office. Five copies of all reprints which pertain to technical or 

scie~tific material developed un~er OCSEAP_ funds will be submitted to the appropriate 

·Project Office when they become available. 

J. All publications and presentations of material developed under OCSEAP 

funds will acknowledge BLM/OCSEAP sponsorship. The following acknowledgment is 

standard: 

"This· study was supported by the Bureau of Land Management through interagency 

agreement with the National Oceanic and Atmosp~eric Administration, under which a 

multi-year program responding to needs of petroleum development of the Alaskan 

continental shelf is managed by the -Outer ·Continental Shelf Environmental Assessment 

Program (OCSEAP) Office." 
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MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

108 J.A. WIENS 
RU II~---- PI: 

~ajor Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 1979 
MAJOR MILESTONES 0 N D J F M A M J J A s 0 N D 

Survey Kodiak area colony data; 6 
select colonies for modeling 

Confer with field investigators; 6 w 
I-' acquire necessary data 
-....! 

Process Data 6 
Conduct Initial Model Analyses 6 
Discuss Initial Results with 6 

held 1nvest1gators 

Conduct Final Model Simulations 6 
Prepare Reports ----6 -6 
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PART 3 

TECHNICAL PROPOSAL 

North\...rest Gulf of Alaska Oceanographic Processes 
Research Unit Number: 138 
Contract Number: RPOOOOR7120847 
Proposed Dates of Contr.act: 1 October 1978 to 30 September 1979 

Principal Investigators: 

J~ D. Schumacher 
S~ P. Hayes 
R. L'. Charnell 
R. D. Nuench · 
R. K. Reed 

Cost Proposal 

·A.· Science 
B •. PI-provided logistics 
C. Total 
D. · Distribution of effort by 1 ease area: 

lower Cook Inlet - 37% 
Kodiak Island - 43% 
Aleutian - 20% 

$292,000 

$292,000. 

Rackground: We have dra~n several conclusions regarding circulation 
and hydrography over the continental shelf of the North\·lest Gulf of 
Alaska and the lower Cook Inlet/Shelikof Strait region. These have 
been presented in Annual Reports, at the lm·1er Cook Inlet and Kodiak 
.Island Synthesis Meetings, at the PI \~orkshops, AGU Conferences and 
in the scientific literature (see PART SA} · 

. . 

In accordance \'lith FY79 guidance, \'le will ·conduct no new field 
work this year although equipment deployed during FV78 will be re- · 
covered. During FV79 \'le wi 11 concentrate our efforts tm'lard process
ing and submitting to NODC all data heretofore not submitted, refur
bishing all field equipment, and continuing interpretation of the 
data. This task includes p•·ocessing tapes from 42 current meters, 
tapes from 6 pressure gauges and approximately 400 CTO casts; all 

·of these data will be collected during October 1978. Further, field 
equipment 1r1hich will be recovered at that time must be refurbished, 
calibrated, and ()roperly stored for future use. 

Analysis and interpretation of the data during FV79.should re
sult in Technical Reports or journal level manuscripts~ A synthesis 
.report on the state of kno1r1l edge of phys i ca 1 oceanography in the 
Western Gulf of Alaska will be prepared in conjunction with all PI's 
working in this area. Anticipated titles, authorship, and brief 
statements of content are given in VII B. 
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V. Objectives: The general objective of this research unit is to pro
vide information leading to an improved understanding of hydrography 
and circulation in the study area. During FY79, this includes: 

1. To process ·and submit to NODC a 11 data call ected through October 
1978. 

2. Tp refurbish and recalibrate all field equipment. 
3. To prov.ide physical oceanographk data and an interpretation of 

this data for use by other PI 1 s and for use in Synthesis Reports. 

VI. General Strategy and Approach: Analysis and interpretation will 
continue along the 1 ines already estab.l ished and proven fruitful (see 
Section 5). ~Je note that elapsed time between data acquisition and 
presentation of this data 'in a viable format, including interpreta
tion and synthesis· with en vi r:onmen ta 1 data not co 11 ected by o u rse 1 ve s ~ 
appears long and unpredictable; Therefore, it is impossible to sch
edule professional scientific products such as manuscripts. For 
example, the manuscript "Winter circulation and hydrography over the 
Northwest Gulf of Alaska continental shelf" (see .attached copy) 
essentially began l'iith equipment recovery and CTD station occupa-
tion during March 1977. Analysis and. interpretation began in Septem
ber 1977, with preliminary results presented at the Issaquah PI Hark
shop in· November 1977. Comments made during this presentation \vere 
address~d and a revised presentation \vas made at the Spring AGU Con·· 
ference,in April 1978 and at the Rosario PI I.Jorkshop. Again, con
structive interactions resulted in refinement of the manuscript, 
whic~ iS presently .being reviewed by two referees··'fd'f publication 
as a PMEL/ERL lechnical Report. Optimistically, this report will be 
published and aVailable for general distribution approximately 1 year 
.after its·inception, and 1};; years after data acquisition. Our pro
fessionalism inhibits us from premature speculation and requires 
that we:exchange ideas· witry our collea,gues~ both \•Jithin OCSEAP and in 
the larger oceanographic community, thoroughly analyze all available 
data, and satisfy ourse.lves that O!Jr interpretation is realistic. This 
approach not only requires/time, it also impl._ies that data· have been 
properly processed and quality controlled and that field equipment is 
reliab.le. Thus, all field.equipment must be refurbished, calibrated, 
and properly stored for future use. Further, all data \'ihich have not 
been submitted, e.g. current records \·Jith time base errors, must be 
carefully examined so that any segments deemed valid can be submitted. 

To facilitate analysis of the very large amount of available data, a 
computer-based data retrie~al and analysis system has been installed. 
Presently, only CTD data ~re handled. Incorporation of soft\'/are to 
handle analysis of current meter data will be accomplished this fiscal 
year in order to speed up the process of reporting results. 
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Operation of the data analysis system requires full tirr.e effort by 
one person to install ne\'1 programs, make production runs of data 
prqducts and to incorporate ne\.z data into storage. Hm·Jever, the 
utility of the system is available to other OCSEAP .investigators v1ho 
need oceanographic data analyses and products. It is expected that 
funds for operation of this data recall system on· the ERL-Boulder 
COt 6600 \'/ill be provided separately to PMEL from the OCSEAP pre
funded contribution. 

The Plan for preparing the synthesis report on Physical Oceano
grapny of the NW Gulf of Alaska is composed of the fQllowing .elements: 

a) Establish the level of understanding by revie\'ling work to 
date from reports, manuscripts and personal communications. 

b) Solicit updates from each of the participating P.I.s. 
c) Produce annotated outline to be circulated among possible 

participants who may be requested to produce sections of 
the report. 

d) At the first planning meeting, participants will modify the 
outline and receive writing assignments once'the objectives 
have been clearly,established. 

e) Upon receipt of input from participants, the·caordinator 
will digest and reformulate material into a First Draft 
Synthesis Report, and provide appropriate introductory, 
bridgin9 and conclusion material. 

f) The docu~£nt will be returned to the participants and selected 
outsi persons for review. Modification·s will be made and 
at a sacond workshop the final form of the document will be . 
. Produced. 

The designated Synthesis Report coordinator wi-ll attend all OCSEAP
scheduled synthesis meetings and special planning meetings in Juneau, 
be responsible for organizing the report, for editing the contributions 
to it, and reviewing the literature for information which is relevant 
but not immediately available from OCSEAP sources. Since the synthesis 
report \'lill be a condensation of relevant information from reports by 
many OCSEAP investigators they will need to provfde s·ummaries or con
densation of their work in their ovm \'lords in order to ·expedite prepara
tion of the synthesis report. Because of the scope of this task it is 
anticipated that this process will be completed nine (9) months after 
commencement. Tentative schedule of these tasks are noted on the 
attached Nil estone Chart. 

VII. Products. 
A. Digital Data: All current meter, CTD and pressure gauge data \'lill 
be in digital form for submission to OCSEAP in approved format on pro
cessed data tapes using formats 012, 022 and 017 respectively. 
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B. Narrative Reports: Reports will be prepared for OCSEAP which~. 
taken together~ address all of the objectives requested ~o be 
covered. The reports \'lill .include drafts of the several publica
tions listed below, \'lith additional detail added· as necessary to 
address specific objectives. ~taps of hydrographic and circulation 
features to a scale size to be· agreed upon will be appended, though 
tliey'may not be_part of the final publication. 

Th~ ·reports \'lhich we plan for FY 79 are .as follm'ls·: 

·1. . A Synthesis Report··-.(Coordi'nated by R. Charnell) 
All pertinent data (including non-OCSEAP), \'lill be assembled into a. 
synthesis of physical oceanography of the Cook Inlet, Kodiak Island· 
and Aleutian lease areas. This report will include contributions 
'from all present principal investigators and will incorporate .re
sults of workshops anq synthesis meetings called by NOAA/BlM. The 
report will be designed to provide a single-source reference for 
physical oceanographic information, conclusions and inferences which 
bare on key issues answerable by BLN's study types. 

27. Currents and Tides 
28. Wind- Fields 
29. Residence Times ·and Flushing 
30.' . Dispersion and Mixing of Contaminants 
32. Traj ecto ri es of Oil Spi 11 s .. 

2. Cook Inlet Currents - Muench, Mofjeld and Charnell •. An updated 
version of our Cook Inlet paper (Muench et al., 1978) will be pre~ 
pared. Our report to OCSEAP will include a draft of that paper plus 
ah appendix which contains a tabulation of tidal constituents and a 
chartlet showing observed mean ~urrents. · · 

3.· "Circulation and hydrography over the continental shelf of the 
North\.;est Gulf of Alaska: Sept~rnber to November 1977'':.. Schumacher,. 
Reed, ·Grigsby, and Dreves 11

• This report \'lill present analysis of · 
CTD data collected at over 400 stations off Kodiak Island. These 
data \'lill be interpreted in tenns of dynamic topography and strati
fication and will be compared to the results from the \·linter report. 
We also will include curren.t record segments from the Bank/Trough 
experiment which \'las conducted during this period. This report \'1111 
in a preliminary sense elucidate such features as pos.sible inter..: 
change of waters between Middle and Southern Albatross banks and 
possible shoreward flm1 events through Kiluida Trough. 
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4. 11Seasonal variability of the· Alaska Current 11
, Reed, Schumacher, 

and Royer. This manuscript will present our interpretation of CTD 
data in terms of transport off Kodiak Island. He \·lill examine CTD 
data. collected between September 1975 and October 1978 for seasonal 
troends, as suggested by seasonal wind stress, or to determine if the 
vast addition of fresh\'later to the systemmasks· any trend •. further, 
examination of all the CTD data may elucidate any seasonal ·trend in 
the axis of the Alaska Current. 

5. · 110bservations of bottom pressure, currents and hydrography over 
the Northwest Gulf of Alaska shelf: October 1977 to r~arch 197811

, . 

Hayes and Schumacher. This report will present results from the Nttrn-. 
fania experiment which will increase our understanding of circulation 
features and hYdrography in the Aleut1an Lease area," and will consti
tute a·final report to OCSEAP on that area. 

· We note that more complete answers to such questions as residen~e 
time in Kil iuda Trough/Horsehead Bight, 1 imited exchange of waters 
between Middle and South Albatross banks, and up-trough flow through 
Kil iuda Trough av1ait recovery, scheduled for October 1978, of equip
ment from these areas. These data are to be processed and submitted 
during FY79; however,· we expect to provide only preliminary interpre..: 
tations by the end of FY79 and no scientific level reports. Such re
ports will be undertaken as objectives· during FYBO. 

C. Visual Data: Cujrent, pressure, and CTD data will be graphically dis
played as appropriate in the above reports, including but not restric
ted to: 

Appropriately filtered time-series 
Progressive vector and/or scatter diagrams 
Temperature, salinity, and sigma-t spatial and vertical distri-
butions 

[Note: In these reports we will continue to use standard NOS charts; 
however, \'lhere appropriate, we will also present data on "standard 
synthesis maps" supplied by the Project Office, including Mylar over
lays as required by the Project Office]. 

D. Other: N/A 
E. Data Submission Schedule: see attached form. 

VIIL Special Sample and Voucher Specimen Archival Plans: N/A 
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IX. logistics Requirements: see attached form 

X. Anticipated Problems: 
As part of the budget summary, your office requested information on 
cost of providing data in special formats. In general, most costs for 
.special data handling have been anticipated and require no additional 
support. It is appropriate to schedule early in FY79, a meeting between 
Mr. Pelto, BLM and me in wh.ich specific products a:nd formats are dis,.. 
cussed. I propose such a meeting for November, 1978. 
There is, hm>~ever, a problem which \'las not anticipated. Since the FY79 
proposal was submitted to your office, we· have received a special re
quest from the Program Office in Boulder to provide Gulf of Alaska 
data on a special map series. The special maps are Universal trans
verse Mercator projections on conic sections. On the chosen scale, 
these maps .have the unfortunate character that latitutde and longitude 
lines are neither straight nor parallel. This makes it almost impossi
ble to enter data on these maps unless they contain a fine mesh grid. 
We can rewrite co~puter programs to plot.data on these projections, 
but for plotting equipment we have, the map size is too large. Rather 
than force all RU's to duplicate a cartographic component to go from 
maps on which researchers can plot data to the desired maps, it is 
more appropriate for OCSEAP (through SAl?) to set up ~ single facility 
for-conversion of ail RU output. ·Because of the large continuing cost 
necessitated for us, and hence BLM, we are taking no steps to comply 
until this situation is resolved~ 

XI. Information Re uired From Other Investi ators: We will continue our 
close coordination \'lith: Hansen RU217 , Royer (RU289), with the 
Kodiak Island Food Web Study (RU551, 552, 553), Hampton and Bouma 
(RU327), Larrance (RU425), Galt (RU140), Cline and Feely (RU135) and 
Reynolds (RU367). ·· 

Since the synthesis report will be a condensation of relevant 
information from reports by many OCSEAP investigators they \1i 11 need 
to provide summaries or condensation of their work in their O\'ln \•lords 
in order to expedite preparation of the synthesis report. Such a re
quest ~ill be negotiated with each affected-RU P.I. 

XII. Activity/f1ilestone Chart: see. attached form 
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XIII. Outlook: During this contract year all data which has not been sub
mitted to NODC \'lill be. He have optimistically planned to produce up 
to five manuscripts whose contents address the goals outliried in VII .• 
however, further analyses \·Jill be required in order to extend our 
knowledge of shelf processes, e.g., a comprehensive examination of 
current, bottom pressure, m.ass distribution and wind data from the 
Bank/Trough experiment is required prior to understanding possible 
up-trough flow and its biological impl iGation \'lith respect to reseed
ing the near-shore region.· We suspect that up-trough flow does exist 
{see enclosed report: Note: the format of our proposed reports 'tlill 
be similar to this report), but how often does this occur, \•lhat volume 
may be transported, and most importantly, can \'le understand the physics 
of this process? If we can answer these questions, then in order for 
our-knowledge to be valuable to decision making, we must synthesize 
our knowledge with those who understand the biology. Are the \'laters 
which flow up the trough biologically rich enough to reseed~ Do these 
waters contain significant quantities of nutrients? · Other important 
questions \'lill surface as we begin to understand any particul~r natural 
system; however~,we realize time constraints exist and, given that no 
further field work is conducted, we envision that a Final Report \'lill 
be produced during FY80. During that FY, we also believe that \•le \'lill 
be able to be involved with Synthesis Report i.e. i!lterdisciplinary, 
writing. An estimated cost for FY80 is $225K. · , 

A. Updated milestone charts will be submitted quarterly. A schedule 
for processing and analysis of past year's data will be submitted 
to the Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate Project 
Office during the contract year to be in OCSEAP hands by the first 
day of January, July, and October. ·Annua 1 Reports are due by Apri 1 
1. The Final Repor-t--wi-ll be submitted \·lithin 90 days of the expira
tion of the contract. 
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C. Where biota are concerned. all species and higher categories \•lill 
be represented .by the voucher specimens that will be preserved, 
labeled, held, and shipped to an official OCSEAP desi.gnated 
repository in conformity with OCSEAP voucher specimen policy. 
Vouchering will include life history stages (e.g.~ larvae. 
juveniles, adults) when these are studied, and sexes where 
these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the Pro
ject Office at least twice during the cqntract year to· revie\11 · 
project status and progress. Such reviews will be scheduled on 
dates mutually satisfactory to both parties; In ·addition, the PI 
may be requested to participate in program review or synthesis 
meetings· as required. It is understood that costs of the travel 
and perdiem for these trips \'rill be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in the 
form and format specified in Deliverable Products Section VII~ A 
thru E. Digital data submissions \•till be accompanied by a Data 
Documentation Form (NOAA Form 24-13). 

F. Digital Data will be submitted to the Projec~ uata Manager within 
120 days of the completion of a cruise or three month data collec~ 
tion period, unless a written waiver has been received from the 
Project Office. The NODC Taxonomic Code is to. be used for bio
logical data submissions. 

G. Within 10 days of the completion of· a cruise or any data gathering 
effort, a ROSCOP data collection· inventory form (NOAA Form 24-23) 
will be submitted to the Project Data Manager~~· :;:::: 

H. Title for ail property purchased with OCSEAP funds remains \'lith 
the U. S. Government pending disposition at contract expiration. 
All new equipment purchased will be reported quarterly and inven
toried annually. The PI will maintain inventories of all expendable 
and non-expendab 1 e equipment purchased \'ti th OCSEAP funds. lnfor
rnati oil will be recorded on Form CD-281, 1'Report of Government Pro
perty in Possession of Contractor", {copy attached). Updated copies 
of these inventories 'fli 11 be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical orfo~ientific material developed· under 
OCSEAP funds, will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release, for information and for 
forwarding to BLM. The release of such material within a period 
of 1 ess than sixty days \·li 11 be made only with prior \'lri tten con-. . 
sent of the Project Office. Ne~·1s re 1 eases wi 11 first be cleared 
with the appropriate Project Office. Five copies of all reprints 
which pertain to technical or scientific material developed under· 
OCSEAP funds will be submitted to the appropriate Project Office 
when they become available. 

J. All publications and presentations of material developed under OCSEAP 
funds \·till acknowledge BU·1/0CSEAP sponsorship. The followinn aclmow
legment is standard: 
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''This study was supported by the Bureau of land f>tanagement 
through interagency agreement with the National Oceanic and 
Atmospheric Administration, under which a multi-year program 
responding to needs of petroleum development of.the Alaskan 
continental·shelf is managed by the Outer Continental Shelf 
Environmental Assessment Program {OCSEAP) Office." 

IX. logistics Requirements: 

INSTITUTION: Pacific Nari ne . En vi ronmenta 1 -laboratory 

PIUNCIPAL INVESTIGATOR: Schumacher, Hayes, Charnell 

A. SHIP SUPPORT: 
1. DISCOVERER-LEG A: Cruise track will consist of selected stations 

from the PMEL Western Gulf of Alaska Standard Grid. 
OCEANOGRAPHER-lEG A: Cruise track will be determined by the order 
in \'lhich she recovers the moorings deployed in May-June 1978, 
which will be determined by \•leather conditions. 

2. DISCOVERER: CTD casts at approximately 200 stations. 
OCEANOGRAPHER: 24 mooring recoveries and. about 100 CTO casts. 

3. Operations should be conducted during October. Recoveries in a 
given regior., e.g., lower Cook Inlet, should be conducted after 
the DISCOVERER has conducted CTD casts in that region. 

4. DISCOVERER: 10 days 
OCEANOGRAPHER: 28 days 

5. Other activities could piggyback on a not-to-interfere basis. 
6. Standard CTD and winch equipment which the ships have been pro

viding. 
1. DISCOVERER: 7-track magnetic tapes 

OCEANOGRAPHER: Storage space requir!;!d for 48 current meter boxes, 
24 release boxes, and 24 {28" diameter) subsurface-floats. 

8. N/A 

327 

il 



XI I. ~TONE CF.ART 

X - Actu.:ll Compl3tic!'l D~~c,;: 
(to be used on quartarly updc.~cc) 

RU !I ....:1:..:..3=-8 --- ?!: Schumacher, Hayes, Charne11 

~!::J.j or Hiles tones: Reporting, c.ncl other significant 
contrc.ct•J.:tl rcq~:.i~:cn~cn~:s; pc!:"iods of field 'l-7ork; ~·.•o:i::knh•:>]'.'l: et:c, 

·--·--·-··--~· ----.....--~~--1978 
............. ·~ ,.~,. ......... . 

lSI7;1 
.{tWO!\ M!LESTO~~!!:S 0 N D J F M A M J J A S 0 N D 

CRUISES 0 
w 
~ Quarterly Report 0 

SubMit CTD datJ to NOOC 0 

S~b~it current and pressure data to NODC 0 

Annual RepGrt 0 

Quarterly Report 0 ---------------------
Quarterly Report 0 

PI Horkshop 0 

?I \·iorkshop 0 
----..~------,_, __ 

Kodiak Island Synthesis ~eeting 0 

--~. --------------------------------------------------------------------------------------------------------



MILESTONE CHART (continued) 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU ff 138 --'...;;...;;. __ _ PI: Schumacher, Hayes and Charne11 

Hajor N:::..lest:onc~: Reporting, and other significant 
contr3ctual r~quirciaen ts; periods of field '"ork; workshops: etc • 

.... --~ ..... ·-·~ 
1978 1979 

OR MILESTONES 0 N D J F M A M J J A s 0 N D 

1rrative Report Circulation and 

w hydrography 0 
I'V 
\0 

Seasonul variability 0 

Observations ... 0 

Cook Inlet Currents 0 

·nthes is report 0 

First planning meeting 0 

First input 0 

Return for rev i e\'1 0 

Fina1 meeting 0 

)duct discussion with· BLM 0 



--~·-( 

DATA PRODUCTS'SCHEDULE 

Data Type Media Estimated OCSEAP Processing nnd 
i.e. Inter- (Cards, Volume format Formatting done Collection 
t ida 1 , coding (Volume of (If known) by Project .Period Submi.ssion 
Benthic sheets, processed (Yes or No) (Month/Year to Month/Year) {Month/Year) 
Organisms, tapes, data) 
(etc. ) disks) 

Mag. 
Feb/79 tape 600 casts 022 Y()S three weeks during Oct/78 

Current Mag. 
record tape 46 sta. 015 Yes May/78 to Oct/78 March/79 

Pressure Mag. 
Record tape 6 sta. 017 Yes M~Y/78 to Oct/78 March/79 

w 
w 
0 
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University of Washington 
Seattle, Washington 98195 

To: 

Type of Support Requested: 

Title of Project: 

Principal Investigators: · 

Outer Continental Shelf Environmental 
Assessment Program 
National Oceanic & Atmospheric Admfnistration 

Contract (Renewal) Research Unit 141 

Norton Sound/Chukchi Sea Oceanographic Processes 

L. K. Coachman, Professor 

K. Aagaard, Research Professor and 

Assoc. Principal Investigator: T. H. Kinder, Research Associate 
Department of Oceanography 
College of Arts & Sciences 
University of Washington 
Seattle, Washington 98195 
Telephone - area code (206) 543-5047 

Amount Requested: $50,000 

Desired Period: 1 October 1978 - 30 September 1979 

University Office To Be 
Contacted Regarding Contract 
Negotiation: 

Date: __ ~J~u~n~e~l=5~2~1~9~7~8-· ____ __ 

eorge 
Associate Chairman for Research 
Department of Oceanography 

Official Authorized To 
Give University Approval: 

Ref: P78-71 

Grant & Contract Services 
1 Administration Building, AD-24 
University of Washington 
Seattle, Washington 98195 
Telephone - area code (206) 543-4043 

Associate Principal Investigator 

Jo~reager, Alsociate Dean 
College of Arts & Sciences 

Donald R. Baldwin, Director 
Grant & Contract Services 
1 Administration Building, AD-24 

~- 3- 7'8" 
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3. Technical Proposal 

I. Title: Norton Sound/Chukchi Sea Oceanographic Processes 
Research Unit Number: 541 
Contract Number: 03-5-022-67, TO 14 
Proposed Dates of Contract: ·1 October 1978 - 30 September 1979 

II. Principal Investi-gators: 
L. K. Coachman 
K. Aagaard 
T. H. Kinder 

III. Cost of Proposal for Federal Fiscal Year: 
A. Science $50,000 
B. PI-provided logistics -0-
C. Total $50,000. 
D. Distribution of effort: 

IV. Background 

Chukchi'Se~: 25% 
Norton Sound: 75% · 

Since 1976 we have been using CTD (conductivity-temperature-depth 
profiling systems) surveys and moored instruments to study the. region around 
Bering Strait: the northern Bering Sea, including Norton Sound and the southern 
Chukchi Sea, including Kotzebue Sound. With the field work ending in FY 78, 
we can now finish data reduction and submission. 

Because of the massive sampling program, data analysis has thus far 
lagged data collection, and the synthesis of the data into scientific reports 
has lagged further (see list of contributions, below). During FV 79 we will 
complete reduction and submission of all data, and continue analysis of these 
data. Because of the amount of data and the· leve 1 of funding, however, synthesis 
into scientific reports will be delayed. 
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List of Contributions: 

1. Muench, R. D., R. L. Charnell, J. D. Cline and L. K. Coachman, 1978. 
Oceanography of Norton Sound, Alaska: September-October 1976. Sub
mitted to Journal. of Geophysiaal. Researah. 

2. Kinder, T, H., J. D. Schumacher, R. B. Tripp and D. Pashinski, 1977. 
The Physical Oceanography.of·Kotzebue Sound, Alaska, during late summer, 
1976. University of Washington, Department of Oceanography Technical 
Report, Ref.: M77-99. 84 pp. · · 

3. Muench, R. D., C. Pearson, and R. B. tripp, 1978. Winter Currents in 
the Northern Bering Sea and Bering Strait. Talk given at April 1978 
AGU meeting, abstract in EOS 59(4):304. 

v. Objectives 

Specific objectives are: 

1. To submit all data that has be.en collected; 
2.· To refurbish all instruments as necessary; 
3. To elucidate the temporal and spatial variability of the pre-

dominantly northward flow; · 
4. To elucidate the circulation and hydrography within Norton and 

Kotzebue sounds, 
5. To provide data for modeling (RU 435, Leendertse). 

Attaining these objectives wi 11 in·crease understanding of the regional 
phys i ca 1 oceanography. This wi 11 contribute to· predicting po·ll utant trajectories 
and to understanding 'the ecosystem. · 

VI. Strategy and Approach 
A. Sampling method, N/A 
B. Analytical method, N/A 

VII. Deliverable Products 

A. Digital Data 

1. Data will be submitted in formats 022,017, or 015. 
2. Limits: 

temperature: 
salinity: 
pressure: 
speed: 
direction: 

-2°C to +2ooc 
0 g/kg to 40 g/kg 
0 db to 1600 db 
0 cm/s to 300 cm/s 
oooo to 360° 

3. Verification. All data are examined eithe~ ~~ ~ printout or 
as a plot, prior to filtering. 
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B. Narrative Reports. We believe that we have sufficient data in 
hand to produce reports on the variability of the fla~ through 
Bering Strait, and to elucidate further the oceanography of Kotzebue 
Sound (both in cooperation with RU 550, PMEL). Because of the 
necessary emphasis on data reduction and submission (in large part 

.to service another research unit), however, we forecast that we 
will only do preliminary work on these in FY 79. Quarterly and 
annual reports will describe progress and preliminary results. 

C. Visual Data. N/A. All our data are submitted in digital format. 
Reports will be illustrated by the most effective figures, as 
before. 

D. Other, none. 

E. See attached data products schedule. 

VIII.Special sample and voucher specimen archival plans: N/A. 

IX. logistics Requirements: None. 

X. Anticipated Problems: None. 

XI. Information required fran other investigators: 

We \vil 1 continue cooperating with RU 289 (Royer) and RU 550 
(Schumacher, Huench, and Charnell). 

XII. See attached milestone chart. 

XI I I .Outlook 

Assuming that data processing and analysis proceeds smoothly through 
FY 79, two or three reports of scientific merit should emerge in FY 80. There 
will be sufficient data for a useful description and some explanation of·the 
variability of flow through Bering Strait, an important influence on the Arctic 
Ocean. Muench et al. (see contributions, above) have begun to outline this 
problem. These also seems to be sufficient data to supplement and extend the 
report of Kinder et al. on Kotzebue Sound, including winter data gathered by 
Aagaard. ~Je anticipate that more detai,lE!d and concrete plans for these reports 
will emerge in FY 79. We also have several ideas that are preliminary: the 
oceanographic connection between the northern and southern Bering seas, the 
northward extension of the structural front, wind and current interaction along 
the ice edge, etc. All these require extensive data analysis, and comparison 
to existing meteorological data. Because of the emphasis on data reduction and 
the limited funding in PY 79, we anticipate that the first two reports may evolve 
in FY 80, and one or more of the preliminary ideas probably will come to fruition 
in late FY 80. This assumes continued fundin~ of about $50,000 in FY 80, but 
this money vlill be spent on the scientific problems, and not on data processing. 

A. Results. Two-three scientific reports (in addition to quarterly 
and annual reports)-

8. t1ilestones: One-two reports in early FY 80, one-two reports in 
late FY 80. A fruitful synthesis of the regional physical o~ean
ography could begin in late FY 80. 
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C. Cost. $50,000 per annum 

D. None. 

E. Field Efforts. None planned; a small field effort may be useful 
to test hypoth~ses, but this cannot be preditted. 

F. Logistics. None. 

XIV. Standard Statement 

A. ppdated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

B. Quarterly reports will be subm~tted to the appropriate Project 
during the contract year to be in OCSEAP hands by the first day 
January, July, and October. Annual Reports are due by April 1. 
Final Report will be submitted. within 90 days of the expiration 
contract. 

Office 
of 

The 
of the 

C. Where biota are· concerned, all species and higher categories \vill be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSFAP designated repository in 
conformity with OCSEAP voucher specimen .Policy. Vouchering \vill in
clude -life history stages (e.g.,· larvae, juveniles, adults) when these 
are studied·, and sexes where these ·are morphologically distinguishable • 

. D. At the option of OCSEAP, the PI is prepared to travel to the Project 
Office at least"twice during the contract year to review project 
status and progress. · Such reviews will be scheduled on dates mutually 
sztisfactory to both parties. In addition, the PI may be rnquested to 
participate in program review or synthesis meetings as required. It 
is understood that costs of the travel and per diem for these trip,s 
will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in the 
form and format specified in Deliverable Product:B Section VII, A t:hru 
E. Digital data submissions will be accompanied by a Data Documenta
tion Form (NOAA Form 24-13). 

F. Digital 
days of 
period, 
Office. 

Data will be submitted to the Project Data Hanager with:i.n 120 
the completion of a cruise or three month data collection 
unless a written waiver has been received from the Project 

The NODC Taxonomic Code is to be used for. biological data 
submissions. 

G. Within 10 days of the completion of a cruise or any data gnthering 
effort, a ROSCOP data collection inventory form (NOAA For 24-23) will 
be submitted to the Project Data Manager. 
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H. Title for all property purchased with OCSEAP funds remains witl1 the U. 
S. Government pending disposition at contract expiration. All new 
equipment purchased will be reported quarterly and inventoried annually. 
The PI will maintain inventories of all expendable and non-expendable 
equipment purchased with OCSEAP funds. Information will be recorded 
on Form CD-281, 11Report·of·Goveri:unent Prqperty in Possession of 
Contractor", (copy.att~ched.) Updated copies of these inventories 
will be submitted quarterly. · · 

I. Three (3) copies of .all manuscripts for publication or presentation 
which pertain to techi:lical or scientific material developed under 
OCSEAP funds, will be submitted to the appropriate Project OfHce at 
least·sixty (60) days prior to release, for informatioh and for forward
ing to BLM. The release of such material within a period of less than 
sixty days will be made only with prior written consent of the Project 
Office. News releases will first b.e cleared with the appropriate 
Project Office. Five cavies. of all reorints which oertain to technical 
or scientific material developed under OCSEAP funds will be SQbmitted to 
the appropriate Project Offic~ when they became available.· 

J. All publications and presentations of material developed" under OCSF.J\P 
funds will acknolv-ledge BLM/OCSEAP sponsorship. The foilowing acknow-
ledgment is standard: · · 

"This study was supported by the Bureau of Land :Ofanag~ment t1uough 
interagency agreement wlth the National Oceanic and J\tmo13pheric 

·Administration, under which a ~4lti-year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer Continental Shelf Environmental .Assessment Program (OCSF.J\P) 
Office." 
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VII. E. 

)ata Type 
(i.e. Intertidal, 
3enthic Organisms, 
:tc.) 

Mooring NC-24A 

Mooring LD-5 

Media 
(Cares, cod
ing sheets, 
tapes, disks) 

Tape 

II 

II 

II 

Estimated 
Volume 
(Volume of 

.processed data) 

-5-

DATA PRODUCTS SCHEDULE 

l"rocessing and 
Ul:SEAP Formating done 
format by Project 
(If known) (Yes or No) 

015 Yes 
015 

015 
015 

015 
017 

015 

NCOP 

Collection 
Period Submission 

OMonth/Year to Month/Year) (Month/Yea~ 

9/77 to 7/78 11/78 

7/78 to 9/78 lf"'Q 

7/78 to 9/78 l/79 

7/78 to 9/78 l/79 
015 ~----------~~~----------------------------~~-------------------------------------------------------"'-J 

~ooring FX-2A (18m) 
(43m) 

~ooring FX-3A (18m) 
(40m) 

II 

II 

015 7/78 to 9/78 1/79 
017 

015 7/78 to 9/78 l/79 
015 
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MILESTONE CHART 

0 - ~lanned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU II _ __...54....,.1 __ PI: Coachman. Aagaard, Kinder 

Major ¥~lestones: -Reporting, and other significant 
contractual require:ents; periods of field work; workshops; etc. 

1978 1979 
MAJOR MILESTONES 0 N D J , F M A M J J A S 0 N D 

Comp1~te submission 
of any outstanding data 0 

~---~--~--------------------------------------------------------------------------------------------------~------0)-

Attend PI workshoos 

Submft annual and 
quarterly reports 

0 

0 

0 

0 0 0 0 



~ SEP 1978 

Dr. larry Coachman 
Department of Ck.eanograph;y 
University of \•lashington 
Seattle, Washin..,oton 98115 

Reference: OCSEAP Research Unit 141 

Dear larry: 

Outer Continental Shelf Envtron~ 
Asssssr.;ei11 Program 

~ng Sea-Gull 01 Alaska ProjeCt f""'Ub 

~ · •). Box 1808 · ""11l06 
ltm'!(:u, Ah1sk• 99802 . 
PH: 907..SSS..7432" 

Your proposal has been reviewed and found generally acceptable· except 
for the following specifics: 

1. Item 3-d in may renewal letter requested that a Nylar overlay be 
provided of CUl'Tents and water masses. This item should be addressed 
in your proposal specifically, because it is of great concern to 
131M that -we provide cnx:ial data in a fonn which is directly applicable 
to their needs. Therefore, a conmi:tJnent is necessary that these 
results be provided. 

2. TI1e schedule should show the expected completion dates for the 
Mylars in itan 1. 

We will furnish base maps over which the Mylars should register. 

The final ftmdjng con111i.tment and level are contingent on approval of the 
FY 79 OCSEAP budget and the transfer of funds by the Btn'eau of Larid 
}.Janagan.ent. 

If you have any questions concerning any of the above guidance, please 
pl~ the Juneau Project Office, (907)586-7436. 

Your letter agree:blg to these changes, or a revised work statement, JllUSt 
be sent .to and received in the Juneau Project Office, with a copy to 
Boulder no later than September 15, 1978. If there are extenuating 
circumstances which prevent you from meeting this schedule, please phone 
the Project Office. The short deadline is required to ensure continuous 
funding of your project in FY 79. 

Upon receipt of your work statenent, revised in accordance with the 
above guidelines, we will initiate contracting procedures for FY 79. I 
look fon.rard to your continued invol vane.nt in our program. 

Sincerely, 

Herbert E. Bruce, Ph.D. 
Bering Sea-Qllf of Alaska Project Manager 

cc: Program Office 
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UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 98195 

To: 

Type of Support Requested: 

Title of Project: 

Principal Investigator: 

Outer Continental Shelf Environmental 
Assessment Program 
National Oceanic & Atmospheric Administration 

Contract (Renewal) Research Unit 141 

_Southeastern Bering Sea Circulation (B-BOP) 
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3. Technical Proposal 

I. Southeastern Bering Sea Circulation 
Research Unit 141 
Contract Number: 03-5-022-67, T0-4 

.Proposed dates-of contract: 

1 October 1978 - 30 September 1979 

II. Dr. L. K. Coachman 
Dr. T. H. Kinder 

III. Cost of proposal 

A. Science $40,000 
B. PI Logistics -0-
C. Total $40,000 . 
D. Distribution of effort by lease area: 

Bristol Bay: 55% 
St. George Basin: 45% 

IV. ·Background 

The proposed research is a continuation of the previous work of 
RU 141 and RU 549 (Schumacher and Charnel!). Since late summer 1975 we 
have been studying the ciruclation and hydrography over the southeastern 
Bering Sea continental shelf, including both the Bristol Bay and St. George 
Basin lease areas. We have collected large quantities of data from CTD 
(conductivity-temperature-depth profiling systems) surveys, moored instru
ments (current meters and pressure gages), and also have used standard 
meteorological data·and satellite .imagery. Our emphasis has been on data 
acquisition and data processing; because of the size of the field program 
data analysis has lagged data collection. 

Hith the collection of data complete, we now begin a new phase. 
While we will continue to process the data still outstanding, a larger 
percentage of our effort will now be applied to data analysis. Hhere 
possible and fruitful, we will attempt to synthesize these results into 
scientific contributions (see list of contributions, below). 
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Through annual reports, quarterly reports, and other contributions we 
have refined and revised previous ideas concerning the hydrography,and 
circulation over the shelf, and we have identified several features not 
previously emphasized: 

(1) finestructure and lateral water mass interaction; 
(2) a front generated by tidal stirring; 
(3) features along the seasonal ice edge; 
(4) anomalous tidal behavior; 
(5) the role of ice in transporting salt across ·the shelf; 
(6) the separation of the shelf into distinct structural domains; 

. (7) low frequency flow episodes over the shelf; 
(8) ~ diffuse haline front overlaying the continental slope; and 
(9) a baroclinic eddy southeast of the Pribilof Islands. 

During FY 79 our primary effort will be to complete the data processing 
now in progress and that required by the summer 1978 fieldwork, and to 
continue analysis of these data. Specific objectives, and narrative reports 
that can now be planned are listed below (sections. V. and VII. B). 

Contributions· 

A. Papers 

1. Coachman, L. K. and R. L. Charnel!, 1977. Finestructure in Outer 
Bristol Bay, Alaska. Deep-Sea Res. 24(10):869-889. 

2. Kinder, T. H. and L. K. Coachman, 1978. The Front Overlaying the 
Continental Slope of the Eastern Bering Sea. ·.:[. Geophys. Res., in 
press.* 

3. Muench, R. D. and R. L. Charnell, 1977. Observations of Medium 
Scale Features along the Seasonal Ice Edge in the Bering Sea • 
.:!· Phys. Oceanogr. 2(4):602-606. 

4. Reed, R. K., 1978. ·Heat Budget in the Eastern Bering Sea. J. 

s. 

Geophys. Res., in.press. 

Coachman, L. K. and R. L. Charnel!. 
A Case Study, Bristol Bay, Aiaska. 

Lateral lvater Mass Interaction -
Submitted to.:!· Phys. Oceanqgr. 

6. Schumacher, J. D., T. H. Kinder, 'o. J. -Pashinski, and R. L. Charnel!. 
A Structural Front over the Continental Shelf of the Eastern Bering 
Sea. Submitted to .:!• Phys. Oceanogr. 

B. Reports 

1. Kinder, T. H., 1977. The Hydrographic Structure over the Continental 
Shelf Near Bristol Bay, Alaska. University of Washington, Department 
of Oceanography Technical Report, M77-3, 61 pp. 

2. Kinder, T. H., J. D. Schumacher, R. B. Tripp, and J. C. Haslett, 1978. 
The Evolution of the Hydrographic Structure over the Continental Shelf 
near Bristol Bay, Alaska, during Summer 1976. University of Washington, 
Department of Oceanography Technical Report, Ref: M78-16, 72 pp. 
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C. Talks 

1. Kinder, T. H. and L. K. Coachman, 1977. The Front Overlaying the 
Continental Slope of the Eastern Bering Sea, Chapman Conference on 
Oceanic Fronts, October, 1977. EOS 58(9):888.* 

2. Schumacher, J. D., T. H. Kinder, D. Pashinski, and R. L. Charnell, 
1977. Observations of a Boundary Front During Early Summer: Bristol 
Bay, Alaska, Fall AGU Meeting, December, 1977. EOS 58(12):1163. 

3, Kinder, T. H., J.D. Schumacher, D. Pashinski, and R. L. Charnel!, 
1978, Structural Fronts over the Continental Shelf of the Eastern 
Bering Sea, Spring AGU Meeting, April 1978. EOS 59(4):304. 

4. Charnel!, R. L., H. 0. Mofjeld, and J. D. Schumacher, 1978. On the 
Tidal Currents of Bristol Bay, Alaska, Spring AGU Meeting, April, 1978. 
EOS 59(4):305. 

*These were funded primarily by the National Science Foundation, and mostly 
reflect earlier research. They are included, however, because OCSEAP work 
was involved and because the results are relevant to OCSEAP objectives. 

V. Objectives 

The specific objectives are: 

1. to continue processing and submission of current meter and pressure 
gage data; 

2. to refurbish and calibrate instruments as necessary; 
3. to continue providing data to RU 435 (Leendertse) for modeling; 
4. to analyze our data, and as resources permit, to synthesize these 

results with other workinto scientific reports (see VII.B, below). 

These objectives complete our obligation to submit data,. to maintain equipment; 
and to assist RU 435. We also want to increase our understanding of the hydro
graphy and circulation of the area. From this we can contribute to understanding 
transport and mixing processes over the shelf, and to understanding the Bering 
Sea ecosystem. 

VI. Strategy and Approach 

There will be no field work. Data reduction and submission will con
tinue until completed. Data analysis will continue (see V. above and VII.B. 
below). 

A. Sampling method. · N/A 

B. Analytical method. N/A 

VII.Deliverable Products 

A. Digital Data 

1. We will submit data in formats 022, 017, or 015. 
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2. Limits: 

temperature: 
salinities: 
pressure: 
speed_: 
direc'tion: 

-2°C to +20°C 
0 g/kg to 35 g/kg, 
0 db to 1600 db 
0 cm/s to 200 cm/s 
000° to 360° 

5 

3. We examine either a printout or.a plot of all the (unfiltered) 
data· prior to submitting it. 

B. Narrative Reports 

In addition to annual and quarter1y reports, we plan two reports 
during FY 79; others may be ,generated as the year progresses: 

·1. Drifter and Hydrographic Observations of a Baroclinic Eddy in 
the Southeastern Bering Sea by Kinder (RU 141), Schumacher 
(RU 549), and Hansen (RU 217). The title is tentative, and 
an outline would be premature. We believe that using drifter 
data from summer and fall 1977 with CTD data from' July 1977 -
February 1978, we can comprehensively describe this eddy. 
We, anticipate that a' report suitable for submission to a 
sc,ientific journal will result. 

2. We_plan 11n integration of drifter, current meter, and hydro
graphic data for the region north of the Alaska Peninsula 
during summer 1976. 

C. Visual. Data 

All ·our data. are submitted in digital format. Illustrations will 
continue to accompany annual reports, ·quarterly reports, and scientific reports. 

D. Other N/A 

E. Da~a Products Schedule 

(attac~ed sheet) 

We agree to provide mylar overlays 
of: (1) Summer water masses; and 

(2) Mean measured currents. 
Sufficient data exist to produce 
these. We further agree to submit 
these mylar overlays byl June 1979. 

VIII.Special Sample and Vouchei Specimen Archival Plans: N/A 

IX. Logisti~s Requirements: none 

X. Anticipated Problems: none 

XI. Information Required from Other Investigators: 

We are interchanging data and cooperating directly with RU 549 
(Schumacher and Charnel!), RU 217 (Hansen), and RU 289 (Royer). 

XII. Activity/milestone chart 

(attached sheet) 
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at.a Type Media 
i.e. Intertidal, 
en~hic Organisms, 
t:C •) 

(Cares, cod
ing sheets, 
tapes, disks) 

Mooring BC-4F (18m) 
(46m) 
(53m) 

Mooring BC-4G (18m) 
(46m) 
(53m) 

Mooring BC-21A(28m) 
~ (40m) 
t..n 

Mooring BC-21B(28m) 

~oaring BC-20A(22m) 
(52m) 
(65m) 

~oaring BC-20B(22m) 
(52m 

Tape 

" 

" 

II 

II 

II 

Estimated 
Volume 
(Vo!U!lle of 
processed data) 

DATA PRODUCTS SCHEDULE 

Processing and 
OCSEAP Formating done 
form...at by Project 
(If known) (Yes or No) 

015 Yes 
015 
017 

015 
015 
017 

015 
017 

015 

015 
015 
017 

015 
015 

BBOP 6 

Collection 
Period Submission 

(Month/Year to Month/Year) (Month/Year) 

9/77 to 7/78 11/78 
tf tf 

It It 

7/78 to 9/78 1/79 
It " 
" II 

9/77 to 7/78 11/78 
" tf 

7/78 to 9/78 1/79 

9/77 to 7/78 11/78 
tf II 

II II 

7/78 to 9/78 1/79 
II " 



XII. MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU I! 141 __;;;..;..;;;;,._ __ _ PT• -· Coachman, Kinder 

Major Milestones: Reporting, and other significant 
contractual require~ents; periods of field work; workshops; etc. 

MAJOR MILESTONES 

Complete submission 
of any outstanding data 

Attend PI workshops 

Submit annual or 
quarterly reports 

Submit drafts of scientific 

Submit draft of scientific 
report on drifter/current meter 
comparison (tentative) 

0 

0 

1978 
N D 

0 

1979 
J F M A M J J A s 0 N D 

0 

0 0 

0 0 0 0 

0 
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XII I. Outlook 

We have now amassed a large quantity of data from the continental 
shelf of the Bering Sea. With the conclusion of major field work, we can 
soon concentrate on data analysis. Much of the FY 79 effort will be com
pleting data reduction and submitting these data. A large part of the 
scientific return will come after FY 79, and this knowledge should be the 
f"ruition of- the contract. Included in the future work may be a synthesis 
of the regional physical oceanography, and contributions towards understanding 
the Bering Sea ecosystem. 

Significant questions, which we can now pose and which the data will 
permit us to address, include: 

1. Hhat are the implications to mixing of the finestructure, which 
is ubiquitious in the shelfbreak domain? 

2. What is the velocity field surrounding the structural fronts? 
What. is the dynamical balance of the fronts? What effect do the 
fronts have on mixing? What effect to the fronts have on the 
biology? 

3. What is the nature and cause of the anomalous reduction in 
tidal currents in Bristol Bay? 

4. lVhat ~s the character and cause of the episodic or quasi
oscillatory low frequency currents? 

As·analysis proceeds, these questions will be modified, or may be re
placed as more important questions arise. 

Milestones will be scientific reports answering these and similar 
questions. Major milestones will be synthesizing the physical oceanography, 
or writing a multi-disciplinary synthesis of the region. 

At a continued funding of $40,000 per annum, one to three scientific 
reports should emerge in FY 80. Additionally, a beginning should be made on 
the important task of synthesizing the various scientific features into an 
integrated picture of the regional physical oceanography. 

As questions arise and answers are proposed, modest field efforts may 
prove fruitful to ·test hypotheses, but these cannot be predicted. 

XIV. Standard Statements 

A. Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the first day of 
January, July, and October. Annual Report~·are due by April 1. The 
Final Report will be submitted within 90 days of the expiration of the 
contract. 
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C. Where biota.are concerned, all species and higher categories will be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in 
conformity with OCSEAP voucher specimen policy. Vouchering will in
clude life .history stages (e.g., larvae, juveniles, adults) when these 
are studied, and sexes where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the Project 
Office at least twice during the contract year to review project 
status and progress. Such reviews will be scheduled on dates mutually 
satisfactory to both parties. In addition, the PI may be requested to 
participate in program review or synthesis meetings as required. It 
is understood that costs of the travel and per diem for these trips 
will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data 'Hanager in the 
form and format specified in Deliverable Products Section VII, A thru 
E. Digital data submissions will be accompanied by a Data Documenta
tion Form (NOAA Form 24-13). 

F. 

G. 

Digital 
days of 
period, 
Office. 

Data will be submitted to the Project Data Manager within 120 
the completion of a cruise or three month data collection 
unless a written waiver has been received from the Project 
The NODC Taxonomic Code is to be used for biological data 

submissions. 

Within 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA For 24-23) will 
be submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with the U. 
S. Government pending dispositionat contract expiration. All new 
equipment purchased will be reported quarterly and inventoried annually. 
The PI will maintain inventories of all expendable and non-expendable 
equipment purchased with OCSEAP funds. Information will be recorded 
on Form CD-281, "Report of Government Property in Posse~>~ion of 
Contractor", (copy attached.) Updated copies of these inventories 
will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds, will be submitted to the appropriate Project Office at 
least sixty (60) days prior to release, for information' and for forward
ing to BLM. The release of such material with:ln a period of less than 
sixty days will be made only with prior-written consent of the Project 
Office. News releases will first be cleared with the appropriate 
Project Office. Five cooies of all reorints which oertain to technical 
or scientific material developed under OCSEAP funds will be submitted to 
the appropr'iate Project Office when they became available. 

J. All publications and presentations of material developed under OCSF~P 
funds will acknmvlcdge BLM/OCSEAP sponsorship. The following acknow
ledgment is standard: 
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"This study was supported by the Bureau of Land !-lanagement through 
interagency agreement with the National Oceani.C. and· At~ospheric 
Administration, under which a multi~year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer Continental Shelf Environmental Assessment Program (OCSEAP) 
Office." 
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IV, V, and VI. BACKGROUND, OBJECTIVES, AND GENERAL STRATEGY 

The"development of petroleum and natural gas resources on the Alaskan 

outer continental shelf will undoubtedly result in an increased potential for 

crude oil contamination of its coastal water. Of particular concern are the· 

major accidents which cause massive oil spills, such as the ARG.O MERCHANT oil 

spill on Fishing Rip near Nantucket (NOAA Special Report, 1977). However, 

chronic release of oil through minor spills and localized· transfer operations 

may be more important over the long term. 

Oil spilled onto the surface of the ocean is acted·upon by several 

physical processes, including evaporation, solution, emulsification, and injec

tion into the"atmosphere. (Kreider, 1971; McAuliffe, 1966, 1969; Baier, 1970). 

With .respect to the oceanic environment, only the solution and' emulsification 

processes represent important mechanisms by which spilled oil becomes entrained 

in the water. column, thus increasing its potential for impacting marine .organ-

isms. 

Since crude oil is sparingl~ soluble in seawater, it tends to form ernul~ 

sfons when introduced into seawater, especially under intense wave action. 

The emulsions have a high affinity for particles and tend to be adsorbed 

rapidly. Recent studies of oil spills ·in coastal waters containing high sus

pended loads have indicated rapid dispersal and removal of the oil by adsorp

tion ont~·=suspended matter (Forrester, 1971; Farrington and Quinn, 1973). 

There is very little published information about the processes by which 

oil is transported in association with suspended particles or the quantities of 

oil that can be adsorbed onto ~he particles. Early investigators have shown 

that flocculation of oil bears an inverse relationship to salinity (Chipman 

and Galtsoff, 1949; Hartung. and Klinger, 1968). Later investigations indicate 
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that sedimentation of oil involves a two~step process (Bassin and Ichiye, 1977; 

Huang and Eliiott, .1977). _This process begins with the adsqrption of oil onto 

the suspended particles and is followed by the flocculation of these oil

sediment ernul sions by electrostatic interactions. The amo'unt of oil that can 

be accommodated by a specific quantity of suspended matter appears to be 

dependent upon the physical and chemical nature of the suspended particles as 

well as the amount of naturally occurring organic matter that is associated 

with the particles (Poirier and Thiel, 1941; Meyers and Quinn, 1973). 

Cook Inlet and Shelikof Strait 

For the past 1~ years we have been conducting integrated studies of the 

distribution, composition, transport, and adsorptive properties of suspended 

matter from Lower Cook Inlet and Shelikof Strait. While detailed descriptions 

of the results of these studies are available in our annual reports, brief 

summaries of the most significant findings which are relevant to the pro

cessing occurring in ·Lower Cook Inlet are listed below. 

1. The suspended matter distributions appear to follow the general pattern 
of circulation in Lower Cook Inlet and Shelikof Strait. The inflowing 
relatively clear Gulf of Alaska water, which contains significant 
amounts of biogenic particles, flows northward along the eastern side 
of Lower Cook Inlet until it reaches Cape Ninilchik, \'/here it mixes 

·with the outflowing turbid brackish water. _The outflowing turbid water 
moves along the western s·ide of the. Inlet past Augustine Island and 

·Cape Douglas into Shelikof Strait where is mixes with the oceanic water 
and disperses. Comparisons of suspended matter and sediment character
istics indiCates that net sedimentation ofsuspended matter in the cen
tral basin of Lower Cook Inlet is minimal. However, sedimentation may 
be occurring in the numerous embayments along the coast. 

2. Time-series studies of the concentrations and compositions of suspended 
matter near the bottom in Lower Cook Inlet show evidence for resuspen
sion and redistribution of the fine-grained fraction of the sediments. 
The resuspended fine sediments are then transported to quiescent near
shore ·environments where they are redeposited. Thus, it is possible · 
that once dispersed contaminated sediments may be concentrated in areas 
of active sedimentation by the interactions between bottom currents and 
surficial sediments. 
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3. Chemical analysis of suspended material from Lower Cook Inlet 
reveals that aluminosilicate minerals from the coastal rivers com
prise about 80-95% of the suspended matter, with biogenic matter mak
ing up the rest. Analysis of seasonal variations of C:N ratios of 
the particulate organic matter indicates that organic matter of marine 
origin is dominant in summer when productivity is high, whereas 
organic matter of terrestrial origin predominates in winter when pri
mary production is low. 

4. Controlled laboratory studies of the interactions between Cook Inlet 
crude oil and suspended matter from Cook Inlet show that the accommo
dation capacity of suspended matter for crude oil increases with the 
concentration of added oil. Important parameters in the accomodation 
process include: The chemical nature and viscosity of the oil; the 
mineralogical composition and size characteristics of the suspended 
matter; temperature and degree of mixing. 

These findings clearly show that suspended matter could play an important 

ro.le in the dispersal and deposition of petroleum hydrocarbons in Lower Cook 

Inlet. However, the picture is incomplete and more data is required before the 

fate of petroleum hydrocarbons in Lower Cook Inlet can be accurately predicted. 

Specifically, at present there is very little information about sedimentation 

of particulate matter in the Inlet. We are presently conducting a few short-

duration measurements to determine what is essentially instantaneous vertical 

fluxes of suspended matter in two regions believed to be undergoing active sed-

imentation, i.e., Kachemak and Kamishak Bays. While these data are very use-

ful for estimating the vertical fluxes of oil that would be associated with 

suspended matter during an oil spill, they provide little information about 

the ultimate depositional sites for the oil contaminated suspended matter. 

Accordingly, in addition to the continuation of our suspended matter composi

tional studies, we propose to conduct an investigation of the sediment accumu

lation rates in Lower Cook Inlet and Shelikof Strait to determine the major 

sinks for recently derived suspended matter. The general strategy and objec

tives of the laboratory and field studies will be briefly described below. 
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A. Laboratory Studies 

As part of the suspended matter program for FY 78, suspend~d matter 

samples were collected during shipboard operations in May and August of this 

year. In addition, sediment traps were deployed iri May for recovery in October. 

During FY 79, these samples wilJ be analyzed for total and extractable· Al, Fe, 

Mn, Cr; Cu, Pb, Ni,. and Zn. The objectives of this portion of the program will 

be twofold: . (1} determine whether or not production of organic matter: in 

Kachemak Bay causes seasonal variations in the trace metal content of sus

pended matter, and (2) determine whether or not present oil production activ

ities in Upper Cook Inlet contribute significantly to the trace metal content 

of suspended matter in Lower Cook Inlet. In order to insure that the results 

of the chemical analyses of the suspended matter are comparable with similar 

data being generated for the sediments (Research Units 162 and 506), the same 

analytical procedures·will be applied to the suspended matter as for the sedi

ments (These procedures are outlined in the methods section of the proposal). 

B. Field Studies 

.The field program in Lower Cook Inlet and Shelikof Strait will have two 

major objectives: (1) determine sediment accumulation rates at selected 

regions in the study area where active sedi.mentation is suspected; and (2} 

provide the hydrocarbon chemists with ancillary data on the temporal and spa

tial distributions o'f suspended matter at two locations in Cook Inlet i.e., 

Kachemak Bay and near Kalgin Island. Both objectives will be accomplished 

during a single cruise in May, 1979. 

To accomplish the first objective approximately 20-40 cores will be 

collected at several locations throughout Cook Inlet and Shelikof Strait 

(Fig. 1). The cores will be subsectioned in the field~ frozen and returned 

to the laboratory for subsequent radiometric dating by the 210 Pb technique · 
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Figure 1,. Proposed sampling grid for 
210

Pb dating of sediment cores 
from Lower Cook Inlet and Shelikof Strait. 
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(Flynn, 1968). In this procedure excess 21°Pb, which is derived from the 

decay of atmospheric 222Rn and is deposited in the sediments in association 

with suspended matter, is measured in subsections of a core and the accumula

tion rate (w) is determined by the relationship: 

wi = xi 
IT 

(1) 

where x is the depth of the 11 i 11 th subsection and Ti is the 21 0Pb age of the 

subsection. A plot of log activity of excess 210pb versus depth in the core 

yields a straight line over a depth interval in which the accumulation rate is 

constant (usually below the zone of mixing and bioturbation). The net accum

ulation rates generated in this manner will be used to develop a map of sedi

mentation rates for recent sediments in Lower Cook Inlet. This map will be 

useful for identifying the major sinks of suspended matter (and associated 

contaminants) and for identifying possible locations for _future site specific 

studies, such as diagentic alterations of contaminants in recent sediments. 

In addition to the field experiments described above, we will support 

the work of the hydrocarbon chemists by providing them with ancillary data on 

the spatial and temporal variations of suspended matter at two locations in 

the Inlet, i.e., Kachemak Bay and the region near Kalgin Island (Fig. 2). 
' 

The data, which will be collected in the form of CTD-nephelometer profiles 

and discrete water samples and presented in the form of suspended matter dis-

tribution maps and time series plots, are necessary for the chemists to com-

pute fluxes of hydrocarbons associated with suspended matter in Cook Inlet. 

When this data is combined with the information on the accumulation rates for 

fine-grained sediments a clear picture of contaminant sources and sinks should 

evolve which will be an important feature of any model of contaminant transport 

for Cook Inlet. 
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COOK INLET 
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KILOMETERS 

Figure 2. Proposed sampling grid for Cook Inlet. The crosshatched area 
represents water column sampling for TSM; a small boat will 
be required north of The Forelands. The time series stations 
(~) are shown in Kachemak Bay and east of Kalgin Island. 
Detailed station locations will be submitted prior to the 
cruise in May 1979. 
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Norton Sound 

The objectives of this phase of the suspended matter program are largely 

in support of the intensive study of the area surrounding the Norton Sound 

Gas Seep. In this study, which is being planned for implementation in late 

summer of 1979, investigators from PMEL, U of A? UCLA. and the USGS will con

duct a thorough survey of water column properties and hydrocarbon distributions 

in the region of the See~. Some parameters to be investigated include (i) 

hydrocarbons in water, suspended inatter, sediments,and biota; (2) temperature; 

(3) salinity; (4) turbidity; and (5) suspended matter distributfons. Our 

objectives will be to collect data on the·Water column properties, i.e., tem

perature, salinity, turbidity and suspended matter distributions. We 

will also characterize the suspended material for its chemical and morphologi

cal composition. This data will be neccessary· for evaluating the role of sus

pended matter as a vehicle for transporting hydrocarbons through the water 

column. 

The Norton Sound sampling strategy is shown in figure 3. Major emphasis 
. . . . . 

will be placed on the region of the gas seep south of Nome, Alaska. Water 

sampling for temperature, salinity, .nephel~metry measurements, and suspended 

matter will be carried out at all stations. A minimum of three suspended 

matter samples per vertical profile will ~e taken. 

Suspended matter samples and CTD-nephelometers will.be taken in 2.,-hour 

. time series stations (illustrated in Fig. 3 by triangles). These samples will 

be used for the suspended matter characterization work. 

Program management, data processing, and products submission will be 

under the. direction of Drs. Cline'~nd Feely. Cruise planning and data integ

rity will also fall under the management purview. 

358 



• • • 
CD 'lit N 

• CD CD CD 
0 
CD 

~pas ll?ad 

~ I?C!JV LO.AlUOJ 

""'"""'~ Ea.AV 

daas 

.. 
0 a: 
N 
CD LLJ 

> 
a: , .... , 

<( ,, 
I 

_J 
::> 
(/) 

0 z 'It 
CD z /~-

w ::::=-.......:= 
a.. 

0 
0::: _.,.. __ ------ .. 

... 
<( ... • ' CD ;= ' CD \ 

w ,' 
' ' (/) ... ... 

""""-- ... .... _, .... 

• Q) 
CD 

• 0 ,.... -

Figure 3. Proposed sampl in9 qrid for Norton Sound. The time series 
stations are shown as triangles. Actual station locations 
will be provided prior to th~ cruise in Auoust 1979. 

359 

• 0 
~ 

• N 
CD 

• 'It 
CD 



13 

C. Sampling Methods 

The distribution of temperature, salinity, turbidity, and suspended 

loads will be determined using a CTD-;-nephelometer-rosette system. Water sam

ples will be collected in lb-liter PVC Model 1070 Drop-TopNiski~ bottles 

and filtered through preweighed 47 rom 0.4 ~m· Nuclepore filters. The filters 

will be washed with three 10 ml aliquots·of deionized filtered water, dried 

in a desiccator, stored in:plastic petri dishes, ~nd frozen to reduce bacter-

ial_ activity. At the. laboratory the filters will be reweighed on a seven-
. ' 

place Ca~n Electrobal~nce. 

The vertical distribution of suspended particulate-matter will also be 

determined using a continuously recording integra~ing nephelometer (Sternberg, 

et a 1 . , 197 4). · The· nephelometer wi 11 ·be interfaced into. a Pl essey 9040 tTD 

system using the sound velocity channel (14-16 kHz) such that real time mea

surements of forward light scattering can be obtained. Since the light scat

tering measurements are relative, the instrument must be calibrated against 

suspended loads from discrete samples. 

Sediment· cores will be obtained with a three-inch diameter gravity corer 

equipped with a plastic core liner .. Upon retrieval, the cores will be subsec

tioned into 1 em sections, frozen and returned·to the laboratory for subsequent 

radiometric analysis. 

D. Analytical Method~ 

The suspended matter samples from Lower Cook Inlet will be analyzed for 

extractable Al, Fe, Mn, Cr, Cu, Ni, Zn, and Pb using a combination of two 

extraction treatments followe9 by flameless _atomic absorption spectrophoto

metry. The first extraction procedure involves the use of hydrogen peroxide 

to release organically-bound trace metals .. The second treatment utilizes 

0.3 N hydrochloric acid-to release trace metals wh1ch are weakly bound to 

inorganic phases. The details of the procedures ire outlined below. 
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A. H202 Treatment. Clean the H202 by passing a 10% solution (reagent 
gt·ade) through a 25 cm 3. Amberlite A-200 column (H+ form) at a flow 
rate of.approximately 5 ml/min. The pH of the cleaned H202 should 
be about 5.5. Combine 3 to 5 ml of cleaned H202 and 100 to 500 mg of 
sample material in a precleaned centrifuge tube equipped with a non
sealing cap. The volume and mass of extractant and sample, respec
tively, may vary within the above limits depending on the relative 
magnitude of the organic fraction in the sample. We are currently 
using polypropylene centrifuge tubes and caps. Heat the extractant
sediment solution in a water bath·at approximately 50°C for 48 
hours. During the final 24 hours of heating, virgorously sonicate 
the soluticin to assist i~ dispersal and b~eakdowh of the or~anic 
matter. Centrifuge the tube contents at 2000 rpm for 1-hour. Decant 
the supernate into a precleaned and tared polyethylene (CPE) bottle. 
Rinse the residual particulate matter with two 5 ml aliquots of 
quartz-distilled water. Centrifuge, as above, after each rinse and 

.combine all supernates in the polyethylene bottle. Determine the 
weight of the· final supernatant solution by difference. 

B. 0.3 N .. HCl Treatment. The sediment-water mixture, following H202 
Treatment is diluted to 200 ml with deionized water. One ml of 
6 N HCl is added, and the suspension is mixed and heated to just 
below boiling on a hotplate. Heating at this temperature is contin
ued for 30 minutes. The mixture is centrifuged at 2000 rpm for 1-
hour. The supernate is placed into an acid washed 25 ml polyproylene 
volumetric flusk. The residue is washed three more times with hot 
dilute HCl (1 + 19) and centrifuged the supernate is added to the 
volumetric flusk and brought to volume with deionized.water. 

For the suspended matter characterization work in Norton Sound, the major 

major elements in the suspended matter (i.e., C, N, Al, Si, K, Ca, and Fe) 

will be determined by two techniques. Particulate C and N will be analyzed 

by the micro-Dumas combustion method, employing a Hewlett Packard 185B C-H-N 

analyzer (Sharp, 1974). Particulate matter will be removed from 1-liter vol

umes by vacuum filtration and the carbon and nitrogen combusted to C02 and N2 • 

After separation by standard gas-solid chromatography, the gases are quanti

tatively determined by thermal conductivity. Standardization will be effected 

with acetanilide (Sharp, 1974). Particulate Al, Si, K, Ca, and Fe will be 

determined by secondary-emission x-ray fluorescenye spectroscopy using an 

Ag x-ray tube and the thin-film procedure (Baker and Piper, 1976). 

The 210 Pb dating of the sediment cores will be performed by C. Holmes 

and E. A. Martin of the. USGS in Corpus Christi, Texas, employing the techniques 

outlined by Flynn (1968). 
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VII. DELIVERABLE PRODUCTS 

A. D1gital Data 

The results of the chemical analysis of the suspended matter will be 
' 

arranged into tabular format and submitted to EDS/NODC on IPM cards (File 

Type 021). 

B. Narrative Reports 

Quarterly and annual reports. will be submitted in narrative form· in 

accordance with preestablished schedules. The reports will contain appro

priate figures and tables showing relationships and distributions of the par

ameters observed. These reports will be augmented with formal reporting of 

scientific findings in the scientific literature. 

C. Visual Data 

Area charts. and maps will be presented on OCSEAP provided standard maps. 

This includes the Mylar overlays produced from these maps. 

D. Nondigital Data 

Any nondigital data will be kept as a permanent record by the principal 

investigators and are available for inspection or inclusion in the· standard 

data base at the request of the Project ~ffice. 
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E. DATA PRODUCTS SCHEDULE 

Data Type Media Estimated Processing and 
(i.e. Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, (Volume of format by Project Period Submiss· 
etc.) tapes, disks) processed data) (If.known) (Yes or No) (Month/Year to 1-fontb/Year) (~tontb/' 

Suspended 
021 Yes 5/78 3/79 Matter cards 100 

.suspended J: 
Matter . cards 100 ofl Yes 8/78 6/79 

Suspended 
Matter cards 100 021 Yes 5/79 3/80 

Suspended 
021 Yes 8/79 6/80 Matter cards 100 

w 
a-
w 

_, 
0\ 
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VIII. SAMPLE ARCHIVAL 

Since all samples are essentially destroyed during the·analytical portion 

of the program,. we. do not have any plans for archiving samples. 

IX. LOGISTICS REQUIREMENTS 

INSTITUTION Pacific Marine Environmental Laboratory/NOAA 

PRINCIPAL INVESTIGATORS Dr. Richard· A. Feely and Or. Joel Cline 

A. SHIP SUPPORT 

l. Proposed tracks and/or sampling grids, by leg, on a chart of the area: 
See figures l, 2,· and 3. 

2. Types of observations to be made on tracks and/or at each grid station: 
CTD, bottle casts, bottom grabs, and gravity coring. 

3. Optimum time chronology of· observations on a leg and seasonal basis 
and the maximum allowable departure from these: Cook Inlet: 5/79 
and Norton·Sound:· 8/79. 

4. Number of sea days required for each leg: Cook Inlet: 4 days and 
Norton Sound: 1 day. 

5. Investigation is considered. to be a: Cook Inlet:. principal activity, 
and Norton Sound: support activity. Approximate number of hours per 
day required for observations: 24-hour sampling - 1 hour for station 
sampling; 3 hours between stations. 

6. Equipment and personnel we expect ship to provide: CTD, gravity core, 
Van Veen sampler, survey technician. 

7. Approximate weight of equipment we wi·ll bring: 2,000 lbs. 

8. Will data or equipment require special handling? No. 

9. Will you require any gases and/or chemicals? No. 

10. Ship preference: (l) DISCOVERER (2) MILLER FREEMAN 

11. Requirement for a non-NOAA vessel: Small vessel required for work in 
Upper Cook Inlet. 

12. Number of people we must have on board for each let: Usually 4 people. 
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X. ANTICIPATED PROBLEMS 

We anticipate no significant problems with this program as we have 

outlined it. If major .or modifications in the scope of the research are ini

tiated, we may have to modify our posture and response .to the milestones 

described in the following section. 

In the event that cruiseplans are aborted through some unforeseen 
. . . 

circumstances, such as weather or ship breakdown, we are prepared to complete 

the sampling program on another cruise if additional funds are provided for 

shipping and travel. If another cruise cannot be scheduled we wi11 continue 

the laporatory analyses on previously collected samples. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 
. . 

The suspended matter program will require information from portions pf 

the geological and physical oceanography programs. Detailed maps of the. size 

distribution and mineralogical composition of the sediments should be made 

available to us as soon as possible. We also rieed detailed descriptions of 

the circulation patterns. · Special emphasis should be placed on net water mass 

transport through the study regions. 
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X I I. MILESTONE CHART 

0 - Planned Completion Date 

X - Actunl Completion Date 
(to be used on quarterly updates) 

RU f1 ~1.;.;52;;;.._ __ PI& Dr. Richard A. Feely and Dr. Joel Cline 

Major Milestones: Reporting. and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 1979 1980 
MAJOR MILESTONES 0 N D J .r M A M J J A s 0 N D J F M A M 

Quarterly Report 0 0 Submission of Cook Inlet Data ta~~D 5LZ8 
Annual Report 0 

0 
~ruis~ tQ ~QQ~ In]et 
Submission of Cook Inlet Data obtained on 8/78 0 
Qyarterl~ ReQQrt 0 

w Norton Sound Cruise 0 ..... 
~Quarterly ReQort 0 1.0 

Quarterly Report 0 
Submission of Cook Inlet Data taken 5L79. 0 
Annual Report 0 
Submission of Norton Sound Data obtained 8[72 0 
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XIII. OUTLOOK 

The field portion of the suspended matter program represents an 

interdisciplinary approach to understanding the dynamics of suspended matter 

transport in Lower Cook Inlet, requiring inputs from the physical and geolog

ical programs. It is possible that the present study will unveil new prob

lems which may require more intensive study. However, it is impossible at 

this point to project what will be the actual nature of and scope of the studies 

until the results of this year's work have been examined. Nevertheless, we can 

anticipate that because of the tentative schedules for the field programs, addi-

:tional funding of about 50-60 K in FY 80 will be required to complete the anal

ysis of the data collected in FY 79. 

XIV. GENERAL STIPULATIONS 

A. Updated milestone .charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the first day of 
January, July, and October. Annual Reports are due by April l. The 
Final Report will be submitted within 90 days of the expiration of the 
contract. 

C. Where biota are concerned, all species and higher categories will be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in con
formity with OCSEAP voucher specimen policy. Vouchering will include 
life history stages {e.g., larvae, juveniles, adults) when these are 
studied, and sexes where these are morpho1ogical1y distinguishable. 

D. At the option of OCSEAP. the PI is prepared to travel to the Project 
Office at least twice during the contract year to review project 
status and progress. Such reviews will be scheduled on dates mutually 
satisfactory to both parties. In addition, the PI may be requested to 
participate in program review or synthesis meetings as required. It 
is understood that costs of the travel and per diem for these trips 
will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in the 
form and format specified in Deliverable Products Section VII. A thru 
E. Digital data submissions will .be accompanied by a Data Documenta
tion Form (NOAA Form 24-13). 
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F. Digital Data will be submitted to the Project Data Manager within 120 
days of the completion of a cruise or three month data collection 
period, unless a written waiver has been received from the Project 
Office; The NODC Taxonomic Code is to be used for biological data 
submissions. · 

G. Within 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA Form 24-23) 
will be submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government 'pending disposition at contract expiration. All new 
equipment purchased will be reported quarterly and inventoried annually. 
The PI will maintain inventories of all expendable and nonexpendable 
equipment purchased with OCSEAP funds. Infonmation will be recorded · 
on Form CD-281, "Report of Government Property in Possession of Con
tractor" (copy attached). Updated copies of these inventories will be· 
submitted quarterly. · 

I. Three copies of all manuscripts for publication or presentation which pertain 
to technical or scientific material developed under OCSEAP funds, will be 
submitted to the appropriate Project Office at least 60 days prior to re
lease, for information and for forwarding to BLM. The release of such 
material within a period of le·ss than 60 days will be made only with prior 
written consent of the Project Office. News releases will first be · 
cleared with the appropriate Project Office. Five copies of all reprints 
which pertain to technical or scientific material developed under OCSEAP 
funds will be submitted to tiJe appropriate Project Office when they become 
avai 1 ab 1 e. 

J. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship. The following acknowledg-
ment is standard: · 

"This study was supported by' the Bureau of Land Management through inter
agency agreement with the National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to needs of petroleum develop
ment of the Alaskan continental shelf:is managed by the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) Office ... 
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IV. Background 

A. Low Molecular Weight Hydrocarbons - Cook Inlet 

Observations into the distributions and abundances of the low molecular 

weight aliphatic hydrocarbons in numerous lease areas of Alaska have been 

carried out over the past three years. These studies have shown that, under 

certain constraints, the abundances of the higher homologs of methane, 

together.with the alkane/alkene ratio, serve as an operational indicator of 

the presence of petroleum-derived hydrocarbons. This was shown to be the 

case in Norton Sound with the discovery of a submarine gas seep (Cline and 

Holmes, 1977) and more recently in Cook Inlet. 

Recent surveys of LMWH in the region just north of The Forelands docu-

mented the occurrence of unusually high concentrations of ethane, propane, 

and butanes, not accompanied by a similar increase in the olefins. Examples 

of the distributions of ethane and propane are shown in Figures 1 and 2 for 

the month of July 1977 (Cline, 1977). The source of these hydrocarbons 

appears to be the MacArthur oil fie 1 d 1 ocated in Trading Bay, but no attempt 

was made to delineate the source or nature of the input. In a survey of 

dissolved L~~H conducted in 1968, elevated concentrations of methane were 

observed in the region between The Forelands and just to the north in Trading 
' Bay (Kinney. et al., 1970).. Unfortunately, analytical difficulties precluded 

the analyses of the higher homologs of methane although we assume they were 

present. 

The source of these gaseous hydrocarbons may include subsurface seepage 

from structural faults or leakage from production platforms. The earlier 

measurements of Kinney et al. {1970) and those of ours in April and July of 

this year suggest that the source is chronic in nature. Moreover, the 
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Figure 1. Distribution of ethane (iH./£., STP) in the surface layers 
during July 1977. Concentrations not shown at all sta~ions 
for the purpose of clarity. 
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Figure 2. Distribution of propane (n.t/.l, STP) in the surface· layers 
during July 1977. Concentrations not shown at all the 
stations for the purpose of clarity. 
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heavier fractions of petroleum may be associated with it, since the MacArthur 

field produces mostly petroleum (API 33) with the dry gas component being used 

to run machinery associated with the liquid extraction plant (Blasko, 1974). 

The occurrence of the LMW alkanes was largely confined to the region 

between Trading Bay and Kalgin Island. It is assumed that strong tidally

induced ~ertical and horizontal mixing (see Figures 1 and 2) results in rapid 

dilution and volatilization of these components. The lower inlet, in contrast 

to the area above The Forelands, reflects a strong seasonal biological compo

nent of LMWH (Cline, 1977). Lower Cook Inlet, in particular the region near 

Kamishak and Kachemak Bays, reveals elevated concentrations of the C2 and'C 3 

alkenes during summer, which is presumably related to primary productivity, 

either directly or indirectly, or to possible photochemical effects (Wilson 

et al., 1970). Our work has shown that under normal conditions the ethane/ 

ethene ratio rarely exceeds 0.5 in most shelf areas and is most nearly 0.1-

0.2 for Cook Inlet during summer. There ·is a concomitant rise in the concen

tration of ethane that accompanies increases in ethene, but the C2 :o/C2 : 1 

ratio rarely exceeds 0.5. How these two C2 aliphatics are related is not 

clearly understood, but that relationship has direct bearing on the utility 

of the LMW aliphatics for the detection and discrimination of petroleum

induced hydrocarbons, whether it be in Cook Inlet or elsewhere in Alaskan 

shelf waters. 

The LMWH also appear to be produced in marine sediments (Bernard et al., 

1977). A systematic transect across the Texas Gulf coast shows a preponder

ance of methane, followed by ethene, propene, ethane, and propane in order of 

decreasing abundance. The average pore water concentration of LMWH shows that 

concentration of ethene generally exceeds that of ethane by a factor of 2, not 

unlike the results of our extensive water column work. To our knowledge, no 
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systematic analyses of por.e waters for LMWH have been undertaken in Cook Inlet, 

although the influence of this source on the composition observed in the water 

column mus't be assessed. This is particularlY true in the southern portion of 

Cook Inlet where fine-grained sediments are more prevalent, but n'ot necessarily 

abundant. 

This year 1 s study focused on the occurrence of LMW aromatics (e.g., 

benzene, C1-benzenes, etc,), since their occurrence above background would 

provide the highest order of distinguishability of petroleum hydrocarbons. 

Preliminary data taken in May of this year indicates a significant accumula

tion of LMW aromatics north of The Forelands, particularly on the western side 

of the Inlet. Depicted in Figures 3-6 are the aliphatic and aromatic chromato

grams for stations UC-05, UC-06, and CB-4; all samples were taken near the 

surface. Stations UC-05 and UC-06 are located near the upper extremity of 

Trading Bay, but are representative of most stations occupied in Trading Bay 

as well as The Forelands .. ThealjphatiC chromatogram from UC-05 shows a slight 

predominance of alkanes (cf. Figu~·~ 3A); whereas the aromatic spectra reveals a 

complex array of peaks, not totally· resolved by our GC procedure (i.e., packed 

column). Prominently identified aromatic compounds were benzene, toluene, 

xyl enes, and C2 -benzenes. Compounds of 1 ower bo i1 i ng point than benzene were 

also apparent, presumably hexanes andicycloparaffins. By way of contrast, 

station CB-5, located just east of Kamishak Bay was largely devoid of LMW aro

matics, except toluene (Figure 59). Toluene was not present in the blanks 

(e.g., Figure 6}, thus it appears to represent a natural background component. 

It may be an unknown compound of similar retention indices. 

The concentration of LMW aliphatics and aromatics at station UC-06 are 

shown in Figure 4. At this station the concentration of ethane and propane 

was relatively high (Figure 4A) as was benzene (Figure 4B). Ethyl benzenes 
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Figure 3. Chromatogram of dissolved LMW aliphatics {A} and 
aromatics (B) extracted from the surface waters 
at station UC:05 in Trading Bay. The aliphatics 
analyzed include methane (a}, ethane (b), 
ethene {c), propane (d), propene {e), isobutane (f), 
and n-butane {g). 
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Figure 4. Chromatogram of dissolved LMW aliphatics (A) and 
aromati'cs (B) extracted from the surface waters 
at station UC-06 in Trading Bay. The aliphatic 
composition is given in Figure 3, 
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Figure 5. Chromatogram of dissolved LMW aliphatics. (A) 
and aromatics (B) extracted from near bottom 
waters at station CB-5 near Kachemak Bay. 
The aliphatic composi~ion is given in 

· . Figure 3. 
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from seawater previously stripped of 
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were found in lesser concentrations than observed at station UC-05. At both 

UC-05 and UC-06, lower boiling point components were observable in the aromatic 

chromatogram (cf. Figures 3A and 4B). Recent conversations with Dr. D. Shaw of 

IMS indicate that heavy hydrocarbons also were found in the waters north of 

The Forelands. Thus, the evidence to date suggests that petroleum hydrocarbons 

are present in upper Cook Inlet and probably originate from anthropogenic 

sources. Before definitive statements can be made as to sources~ it- will be 

necessary to characterize the compounds shown in the aromatic spectra. 

B. Low Molecular Weight Hydrocarbons - Norton Sound 

During a general survey of LMWH in Norton Sound during SeptemQer of 1976, 

an unusual source of LMW n-alkanes was observed emanating from a point source 

in the sea floor (Cline, 1977). Subsequent analysis and model studies showed 
' ' ' ~· ~- ~ 

the gaseous hydrocarbons to be rich in ~thane, ·propane? and higher homologs of 

methane; but deficient in the unsaturates .such as ethene and propene (Cline 

and Holmes, 1977). The plume of hydrocarbons was restricted to the lower 10m 

of the water column (cf. Figure 7} and moved toward the north and northwest in 
.~' . 

agreement with the general circulat1on.pattern (Muench et al., 1979). Seismic 

data taken in the region of the seep reveal strata truncated by an unconformity, 

acoustic anomalies, and numerous steeply dipping faults which provide favorable 

avenues for the migration of mobile hydrocarbons to the sea floor (Cline and 

Holmes, 1977). The possibility of petroleum-bearing source rocks beneath Norton 

Sound is a 1 so suggested by. the presence of oi 1 . seeps in 1 a goons near Nome 

(Cathcart, 1920), Sinuk Valley north of Nome.(Miller et al., 1959), and the 

mouth of the Inglutalik River in Norton Bay (Miller et al., 1959; Johnson, 1971). 

More recent studies in Norton Sound have shown the presence of petroleum

like hydrocarbons in the pore waters in the vicinity of the gas seep (personal 
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communication, K. Kvenvolden, U.S.G.S. Menlo Park). Unexpectedly, analysis of 

the bottom sediments, presumably near the seep location, showed no evidence of 

heavy petroleum hydrocarbons (personal communication, J. Calder, OCSEAP). 

Geophysical data indicate the origin of the gas seep is deep and of large scale 

(Holmes and Cline, 1978), which would imply the gases are thermogenic in origin. 

It remains to be shown conclusively that heavy hydrocarbons are associated with 

the Norton Sound gas seep. If the heavy petroleum compounds are associated 

with the observed gas seep, Norton Sound would serve to investigate the fate of 

natural. oil under subarctic conditions. In effect, Norton Sound would become 

a natural laboratory in which to investigate the dispersion and weathering of 

oil under marine conditions. 

C. Oil-Suspended Solid Agglutinization Studies 

Oil spilled onto the surface of the ocean is acted upon by several physical 

processes, including evaporation, solution, emulsification, and injection into 

the atmosphere (Kreider, 1971; McAuliffe, 1966, 1969; Baier, 1970). With re-

spect to the oceanic environment, only the solution and emulsification processes 

represent important mechanisms by which spilled oil becomes entrained in the 

water column, thus increasing its potential for impacting marine organisms. 

Since crude oil is sparingly soluble in seawater, it tends to form emul

sions when introduced into seawater, especially under intense wave action. The 

emulsions have a high affinity for particles and tend to be adsorbed rapidly. 

Recent studies of oil spills in coastal waters containing high suspended loads 

have indicated rapid dispersal and removal of the oil by adsorption onto sus

pended matter (Forrester, 1971; Farrington and Quinn, 1973). 

There is very little published information about the processes by which 

oil is transported in association with suspended particles or the quantities 
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of oil that can be adsorbed onto the particles. Early investigators have shown 

that flocculation of oil bears an inverse relationship to salinity (Chipman 

and Galtsoff, 1949; Hartung and Klinger. 1968). Later investigations indicate 

that sedimentation of oil involves a two-step process (Bassin and Ichiye, 1977; 

Huang and Elliott, 1977). This process begins with the adsorption of oil onto 

the suspended particles and is followed by the flocculation of these oil-

sediment,emulsions by electrostatic interactions. The amount of oil that can 

b.e accommodated by a specific quantity of suspended matter appears to be de

~ pendent upon the physical and chemical nature of the suspended particles as 

well as the amount of naturally occurring organic matter that is associated 

with the particles (Poirier and Thiel, 1941; Meyers and Quinn, 1973). 

Cook Inlet has a history of chronic exposure to crude oil arising from 

both production and transfer operations. Preliminary estimates place the 

input in the range of 9,500-17,500 bbl/yr (Kinney et al .• 1970), mostly above 

The Forelands, where suspended matter concentrations generally exceed 100 mg/i 

(Feely and Cline, 1977). While our measurements in the laboratory suggest that 

these sediments have a modest capacity to retain oil, the measurements by Kinney 

et al. (1970) and Shaw (1977) show no significant increases in the levels of 

hydrocarbons in the water or associated with suspended sediments north of The 

Forelands. In the former case, the sample volumes were 4 t; in the latter, 

the volume was 1 t. While these results show no gross pollution of either the 

waters or the suspended matter, the sample volume may have been too small to 

detect incipient contamination of suspended matter with crude oil. More re-

fined techniques are required to assess the importance of suspended matter in 

the transport of oil in Cook Inlet, particularly in view of the high transport 

rates of water and associated suspended matter. 
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During the past two years, our efforts (R.U. #152) have been directed 

toward defining the load capacity of Cook Inlet suspended solids for Cook Inlet 

crude oil as a funct.ion of sediment/oil ratios and temperature .•. These results 

show that Cook Inlet sediments have a modest affinity for crude oil (up to 20% 

of the sediment weight). Initial condition reaction studies reveal that the 

adsorption phenomenon is rapid, largely completed in less than one hour. No 

fractionation .of the normal alkanes (> C12 ) was apparent up to 48· hr. reaction 

times. 
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V. Objectives 

Th(: proposed studies for FY 79 will focus on two marine environments 

characterized by the inputs of natural and anthropogenic hydrocarbons. They 

are Norton Sound and Cook Inlet. In each of these environments the long

range goal is to develop procedures by which the introduction of oil can be 

reliably documented and to use these methods to investigate the fate of 

petroleum under natural conditions. These studies were initiated this year 

in Cook Inlet and will be expanded during FY 79. 

In support of our program to understand the fate of oil under arctic and 

subarctic conditions, we will continue the oil-suspended matter interaction 

studies with emphasis on the qynamics. The specific objectives of the pro

gram in each lease area are described below. 

The program for FY 79 will expand upon the framework developed this year. 

One phase of this expansion includes more detailed analysis of aromatics, 

both the light and heavy compounds. Because aromatics are more toxic than the 

paraffins, and because of their ubiquitous presence in crude oils and refined 

products, the occurrence and fate of these compounds is of paramount importance. 

The program outlined for J'l.'ext y.ear ilnvolves the analysis of waters, arid sus

pended sediments for aromatics. In addition, our absorption experiments in

volve partitioning of hydrocarbons between oil and sediments, with particular 

emphasis on aromatics. Since aromatic analysis cannot be carried out solely 

with GC procedures, we are requesting to purchase a Hewlett-Packard model 5992 

GC-mass spectrometer under a shared cost plan (see section XV). 

In the past we have used the facilities of NNAF on a contract basis for 

aromatic analysis. The results of this service have been varied. In general, 

their workload has been excessive resulting in long delays in analysis. In a 
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few instances, poor quality control was experienced. Our particular application 

of the GC-MS system for·1the identification of dissolved aromatics also is not 

compatible with the system configuration at NNAF. For these reasons we feel 

that the highest data integrity can be maintained by having the GC-MS system 

dedicated to the objectives of this project. Assuming that an additional two 

years of laboratory and site-specific studies are in the offing (even at re

duced· funding levels), the cost of the instrument would be amortized over the 

duration of the program. 

While these experiments have been useful in defining the loading charac-

_teristics of Cook Inlet suspended matter, they do not address questions of 

dynamics. In Cook Inlet, the suspended loads are substantial (- 100 mg/~ 

upper end of Inlet), providing a large scavenging potential for oil. When 

oil is spilled on the surface, turbulence transports suspended solids to the 

lower surface of the slick, where continuous scavenging may take place. 

Not only are the mechanisms of oil-sediment interactions poorly under

stood, but also the effect of oil weathering. For example, how does the 

weathering of oil change its absorption characteristics. Both of these 

_questions will be addressed in next year's study. 

A. Cook Inlet 
·' 

This year's studies have shown rather' conclusively that the region north 

of The Forelands is a source of petroleum hydrocarbons, presumably originating 

from the production region of Trading Bay. These conclusions are largely de

rived from the abundance of alkanes versus alkenes and the occurrence of 

soluble LMW aromatics. The methodology employed ··far the detection of aromatics 

was not highly quantitative, but served to identify the presence-of aromatics. 

With this knowledge in hand, next year's study will focus on compound 
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identification and quantification of LMW aromatics using glass capillary 

chromatography and GC-MS characterization. Considerable attention will be 

given to the identification of unique aromatic compounds present in.crude oils 

and their abundance in Cook Inlet.· I L , 

Our current studies will continue into the biological production of LMW 

aliphatic~, both in the water column and in the sediments. Laboratory experi

ments were initiated this year in an attempt to more fully understand the con

ditions under which LMW alkenes are produced. Preliminary results indicate 

that light is an important factor, but we have ;not ruled out the importance of 

microorganisms. 

Where possible, attempts will be made to determine the composition and 

fluxes of LMW aliphatics from the sediments. We are interested in elucidating 

the significance of sedimentary hydrocarbon production toward the HC budget 

of ~oak Inlet. Efforts are currently underway to develop a simple compartment 

model describing the mass flow of hydrocarbons from Cook Inlet. Several models 

are currently being explored, but preliminary results are at least one year 

away. 

Specifically, next year's objectives will .be: 

1. Investigate the time variation of LMWH (aliphatics and aromatics) 
in the water at two 48-hour time-series stations in the spring 
of 1979. 

2. Investigate the distribution of adsorbed hydrocarbons on 
suspended matter at the same time series stations. These are 
the heavy hydrocarbons (~ C12 ) collected by high speed centri
fugation. 

3. Determine the vertical distribution of LMW aliphatics in the 
interstitial pore waters at the time series station in Kachemak 
Bay. We will compare the gas harpoon to conventional gravity 
coring techniques. 

4. Determine the abundance and content of petroleum-like hydrocarbons 
associated with suspended matter collected in sediment traps 
(Dr. Feely, R.U. 152). This study is designed to evaluate the 
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vertical transport of petroleum hydrocarbons associated with 
suspended matter. The responsibility for sediment acquisition 
falls under R.U. 152. 

5. Participate in continuing intercalibrations and methods evaluation 
programs for both light and heavy hydrocarbons. 

B. Norton Sound 

The objectives of this phase of the work are largely the same as proposed 

two years ago, but not implemented. At the present time, our knowledge of the 

Norton Sound gas seep is restricted to the analysis of water for LMW aliphatics. 

These data suggest that the hydrocarbons are of thermogenic origin and presum-

ably are associated with the heavier fractions. Since these hydrocarbons are 

not anthropogenic in origin, the general strategy is to characterize the hydro

carbons associated with the gas seep and determine their areal extent. This 

includes the dissolved fraction (LMWH) as well as the adsorbed material. 

These data are to be used to investigate suitable hydrocarbon components .as 

tracers from a bottom source and to evaluate their dispersion and transport 

characteristics. Specifically, we intend to: 

1. Assess the composition of LMW aliphatics and aromatics in the 
water near the seep and evaluate the dispersion characteristics 
of the plume. This will be coordinated with R.U. 435. 

2. Determine the vertical profile of LMW aliphatics in the inter
stitial waters near the locus of the seep and compare it to 
distributions found to the eastt(upstream). The gas harpoon 
and conventional gravity coring will be attempted, but may not 
be successful due to the high impermeability of the bottom. 
Also, an attempt will be made to characterize the LMW aromatic 
fraction in pore waters to the extent sampling is successful. 

3. Determine the composition and concentration of petroleum-like 
hydrocarbons associated with suspended matter. Suspended 
solids will be obtained with a high speed centrifuge. Analy
sis of the heavy fractions will include both aliphatic and 
aromatics. Two 24-hr. time series stations will be occupied 
for the purpose of acquiring sufficient sediment for HC 
analysis. One of these stations will be a control. 

These objectives will be carried out during a summer cruise to Norton Sound. 
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C. Oil-Sediment Interactions 

The past year's work has stressed the loading characteristics of Cook Inlet 

suspended matter for Cook Inlet crude oil. Our experiments have shown that 

under high oil loadings (see Figure 7), suspended matter will accommodate up to 

10% its weight in oil, a value substantially less than observed with Skagit 

River sediments and Prudhoe Bay crude oil. While these experiments serve to 

assess the loading characteristics of sediments, they do not address the 

dynamics occurring between sediments and a surface oil slick. Of equal ·impor

tance is the release of oil from the floes and the subsequent compositional ' 

changes that may take place. 

Specifically, the objectives are: 

1. to assess the interaction between suspended matter and a surface 
oil slick under controlled laboratory conditions. 

2. to evaluate any compositional changes that may occur in the oil 
associated with the suspended matter. This includes both the 
aliphatic and aromatic fractions. 

3. to document the compositional changes occurring in oil floes 
as a function of time using LC, GC, and GC-MS techniques. 

The goal of this study is to define.and evaluate relevant oil, sediment, 

and environmental parameters controlling the adsorption-desporption of oil 

from particles. Subsequent studies in the future would concentrate on the 

interactions between suspended solids and a weathering oil slick (laboratory 

controlled) and the compositional changes occurring on the solid phases as 

well as the weathering oil slick. Ultimately, oil should be fractionated 

into its compound classes and the effect on the bulk properties of the oil 

investigated. By identifying the active compounds of oil and their relative 

abundance, a clearer understanding of the physical chemical interactions 

between oil and sediments will be developed .. Since crude oils and sediments 

differ widely in their physical and chemical properties, an understanding of 
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the fundamental adsorption process as a function. of intrinsic properties of 

both substrates is required. 

VI. Strategy and Approach 

· .The implementation of the proposed program will be initiated in Cook 

Inlet in spring and·in Norton Sound during summer. The study will be fully 

integrated with oth~r PMEL investigators as ~ell as other institutions such 

as IMS, UCLA, and the USGS. All observations will be conducted from an 

oceanographic vessel. 

Program management, data processing, and products submission will be 

under the direction of Drs. Cline and Feely. Cruis·e planning and data 

integrity will also fall under the management purview. 

A. Sampling Strategy 

1. Cook Inlet 

Sampling for LMW aliphatics and aromatics in the water.column will be 

conducted at the station locations shown in Figure 8. 

The two 48-hour time series .stations are located in Kachemak Bay and 

east of Kalgin Island. Atthese stations, the water column (3 depths) will 

be sampled every 4 hours for LMW aliphatics and aromatics. At the same time, 

suspended matter will be collected every 6 hours at Kalgin Island and every 

24 hours at Kachemak Bay for the analysis of suspended hydrocarbons. The 

sampling protocol is based on the nominal concentration of suspended solids. 

The recovered suspended matter is transferred from the centrifuge tubes to a 

precleaned jar, frozen, and returned to the laboratory for subsequent HC 

analysis .. 
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COOK INLET 
100 

KILOMETERS 

Figure 8. Proposed 'sampling grid for Cook Inlet. The crosshatched area 
represents water column sampling for LMWH; a small boat will 
be required north of The Forelands. The time series stations 
{~) are shown in Kachemak Bay and east of Kalgin Island. 
Detailed station locations will be submitted prior to the 
cruise in May 1979. 
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Analysis of water samples for LMW aliphatics and aromatics will be conducted 

in the general region east and north of Kalgin Island. Samples north of The 

Forelands will be taken from a small boat and analyzed aboard the mother ship. 

A n1inimum of three samples per vertical profile will be taken. 

The analysis of interstitial water aliphatics will be conducted at the 

time series station in Kachemak Bay or at some nearby location. Fine-grained 

sediments are a requirement. The gas harpoon will be compared with a conven

tional gravity coring device. 

2. Norton Sound 

The Norton Sound sampling strategy is shown in Figure 9. Major emphasis 

will be placed on the region of the gas seep south of Nome, Alaska. Water 

sampling for dissolved LMWH will be carried out at all stations. A minimum 

of three samples per vertical profile will be taken, additional samples if 

water column stratification dictates. 

Suspended matter will be taken at two 24-hour time series stations shown 

by triangles. These samples will be analyzed for heavy aliphatics and aro-

matics. Station C is the control station, against which hydrocarbon composi

tion will be compared at the seep station (S). 

The composition of LMW aliphatics will be investigated at two stations 

near the locus of the seep. For this purpose, the detailed surface profiles 

obtained by USGS will be used to identify the locus of the seep. Deployment 

of the gas harpoon will be attempted, but the hard bottom may prohibit success

ful penetration. The peat beds at the eastern extremity of the basin also will 

be sampled for LMW aliphatics. Both the gas harpoon and a conventional gravity 

core will be used. These studies will be coordinated with the work of Dr. 

Kvenvolden of USGS. 
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As shown in Figure 9, the sampling grid is expanded to include the 

area west and north of the seep. This sampling strategy will allow for com

plete plume definition in the direction of advective transport. 

3. Oil-Sediment Adsorption Studies 

The fate experiments involving the adsorption of oil will be carried 

out under controlled laboratory conditions. A thin layer of oil will be 

spread on the surface of a small tank containing seawater to which has been 

added a quasi-realistic concentration of suspended matter (20-50 mg/t). 

The sediment will be aggitated gently in order for it to come into contact 

with the oil film. Both Cook Inlet crude oil and suspended solids will be 

used in the study. The reaction will run for fixed periods of time and the 

suspended matter allowed to settle and .be recovered. The amount of oil re

tained and its composition will be determined by gravimetry, GC and GC-MS proce

dures. The initial experiments will be conducted i~ the dark at l0°C. 

Natural salt water from Cook Inlet will be used. 

Oil floes from this experiment will be placed in fresh seawater and 

stirred for various time durations at l0°C. The amount of oil retained and 

its composition will be determined by gravimetry, GC, and GC-MS procedures. 

4. Intercalibration 

At the present time we are engaged in an intercalibration study with 

NNAF involving hydrocarbon analysis of sediments. This is limited to 

n-alkanes currently, but with the incorporation of a GC-MS capability, would 

necessarily include aromatics as well. 

B. Analytical Methods 

1. LMW Aliphatics 

LMWHs are stripped from a 1-t volume of seawater using modified 

procedure recommended by Swinnerton and Linnenbom (1967). A diagram of the 
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gas phase extractor is shown in Figure 10. Although the system actually used 

by us is somewhat simpler in detail than that reflected in Figure 10, the prin-

cipal remains the same. 

Chromatography of the components is effected on a column of PoropakQDQ 

(4' x 3/1~'), 60-80 mesh, in series with a small column 6f activated alumina 

(3/16" x 2") impregnated w]th 1% ·silver nitrate by weight. This dual column 

configuration results in sharper peaks, better separation of olefins, and 

reduced component retention times. Chromatography of LMWH components through 

C4 is accomplished in less than 6. m.inutes. Detection of the component hydro

carbons as they emerge from the.c.olumn is performed with a flame ionization 

detector. 
' '. 

2. LMW Aromatics 

Aromatics will be stripped from solution in an analogous fashion (T = 70°C) 

and trapped on Tenax Gc®, ~hiCh.~o~s not'retain water. The LMW aromatics will 

be backflushed off the Tenax column at 200°C and .chromatographed on a 10 m 

glass capillary column wall coated with SE-54. The aromatics will be cold 

trapped on the first loop of the capillary column with liquid N2 prior to in

jection. This should result in 5harp, well-defined peaks. This procedure 

will be utilized this year in Cook Inlet (Aug.-Sept., 1978). If successful, 

the mass spectra will be elucidated with a; HP 5992 GC-MS system for component 

identification. Actual GC-MS analysis will be performed in the laboratory on 

parallel samples trapped on small Tenax columns. GC analysis in the field 

wi 11 be used to screen samp 1 es con ta i ni ng petro 1 eum compounds. 

Calibration will be effected by extracting small volumes of water satu-

rated with selected aromatics. Currently, these include benzene, toluene, 

xylenes, and ethylbenzene. As more aromatic compounds are identified, addi-

tional standards will be added to quantify their response to the GC. 
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Our first effort this year at aromatic analysis was marginally successful. 

Major problems included poor stripping efficiency from water and. poor resolu

tion from packed columns (5% SP-1200/1.75% bentone on Supelcopert). In the 

new procedure, the water will be stripped at 70°C with He and the aromatics 

trapped on Tenax at 5°C. Using wall-coated glass capillary (SE-54), the reso

lution should improve substantially. 

3. LMW Aliphatics - Interstitial Waters 

Interstitial water samples will be taken with a harpoon sampler similar 

to that described by Sayles et al. (1973). Its obvious advantage is that 

dissolved gases in pore waters can be sampled without contaminating or expos

ing the sediment to ambient degassing. This instrument acts as a large syringe 

with a spring-loaded master cylinder providing the suction. Full 1~-m penetra-

tion triggers the suction, and at each of the 8 to 10 sampling ports intersti

tial water is drawn through a Whatman filter into precalibrated stainless steel 

loops. The maximum capacity of each port is 20-25 m~. The captured pore water 

is extruded into a 25-m~ gas stripper and purged of its hydrocarbon gases. 

Analysis of the components is the same as presented in subsection 1 above. 

A shorter version of the harpoon was successfully deployed in the North

east Gulf of Alaska in April 1977. Ambient concentrations of the LMW alipha

tics (not in a seep area) were sufficiently high to give a strong signal for 

each of the C1-C4 hydrocarbon components stripped from 20m~ of pore water. 

This device will be intercalibrated with a conventional gravity coring 

device in which the sediment core is sectioned and degassed by shaking in a 

helium headspace (Bernard et al., 1978). If the sediments are not gas-rich, 

this procedure should provide a useful standard against which to compare the 

results obtained by the gas harpoon. 

398 
I 
I 
~ 



r 
I 
I 

30 

4. Aliphatic and Aromatic Analysis of 
Suspended Matter 

Suspended matter collected from the traps and by continuous flow centrifu

gation will be analyzed according to the procedures established by Macleod et al. 

(1976). Briefly, an appropriate weight of sediment (1-10 g) is dewatered with 

methanol, then extracted with a methylene chloride/methanol mixture for 18-24' 

hours in a ball mill tumbler. The extraction is repeated and the washings and 

extracts combined. Additional dewatering is accomplished and removal of par

ticulates and humic material is effected by passing the extracts through a 

small bed of silica gel and washing with methylene chloride. The eluate is 

concentrated to approximately 2m~. At this point the sample is chromato-

graphed on silica gel to separate the aliphatic and aromatic fractions; sulfur 

is removed from each fraction. After concentration of each fraction to approxi-

mately 0.5 m~. the two samples are ready for GC and GC-MS analyses. 

This laboratory will collect the samples, extract the petroleum hydrocar

bons, and determine the major aliphatic components (C 12-C 32 ), including pristane 

and phytane. We are also capable of analyzing the aromatic fraction, but com

ponent identification will require GC-MS·spectroscopy. This will be done only 

after a preliminary screening in our own facilities has been carried out. All 

of our procedures and calibrations will be coordinated with OCSEAP/BLM require

ments and crqss-checked with the same procedures in NNAF. 

Analysis of the aliphatic and aromatic fractions will be made on a Packard 

model 5730 GC equipped with a model 3385 microprocessor and automatic sampler. 

Resolution of components will be made with a wall-coated, 30-m open tubular 

glass capillary column. For the analysis of both aliphatics and aromatics, 

the mobile phase is SE-54. 

Both aliphatic and aromatic standards are currently on hand and will be 

· inter~ompared with those of NNAF. 
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VII. Deliverable Products 

A. Digital Data 

The low molecular weight aliphatic components (methane, ethane, ethene, 

propane, propene, iso- and n-butanes) will be reported in digital form on IBM 

punch cards. An OCSEAP format currently exists for their submission to NODC/ 

EDS. 

The aromatic components, benzene, toluene, o-, p-, m-xylenes, and several 

of the chromatographable ethylbenzenes will be reported in digital form. The 

present strategy is to add' these components, and others that are identified 

later, to the present·LMW hydrocarbon format (043). We will discuss the 

appropriateness of a separate format for aromatics with Mr. Dean Dale of 

EDS/NODC. 

Analyses of suspended matter for associated petroleum hydrocarbon will 

include the quantifiable range of both aliphatics and aromatics. Major ali

phatic contributions in the range C14 to C30 will be reported, as well as 2-

to 5-ring aromatics determined by GC-MS spectroscopy. Those compounds 

currently included in the 044 format will be reported t6 the extent that they 

are identifiable and quantifiable. 

At the present time there is no format for interstitial water LMW 
' 

aliphatics, although the present format may be modified. We will discuss 

with Mr. Dean Dale of EDS the suitability of the present format. Because 

the data base is small, it may not be feasible to establish a separate file 

for these data. 

Integrity of Digital Data 

All chromatograms are ch~cked visually for correct peak integration. 

The peak areas are then converted into engineering units (i.e., concentration) 

400 



32 

and these values submitted for card punching. All card punch data are checked 

for correctness by a second person. The final check is made by having the 

cards verified prior to submission to EDS/NODC. 

B. Narrative Reports 

Quarterly and annual reports will be submitted in narrative form in 

accord with preestablished schedules. For the purpose of brevity, the results 

presented in graphical and tabular form will be kept to a minimum and will con

tain the most relevant findings relative to the stated objectives. These re

ports will be augmented with formal reporting of significant findings through 

scientific journals and technical memos, as seems appropriate. Because of 

the integrated nature of this study, it is highly likely that several journal 

publications will result. 

All reports,and publications will contain, in addition to the narrative 

discussion, relevant tables and graphs depicting relationships and distribu

tions of the various parameters being observed. Various hydrocarbon param

eters will be tested for uniqueness in the identification of petroleum-derived 

hydrocarbons. Data on the subsurface distribution of LMWH will be presented 

in vertical profiles. 

C; Visual Data 

Areal charts and maps will be presented on OCSEAP-provided standard 

maps. This includes the MYlar overlays produced from these maps. 

D. Nondigital Data 

All hydrocarbon analysis performed with a gas chromatograph results in 

analog chromatograms, consisting of detector response as a function of compo

nent retention indices. Peak areas are numerically converted into concentration 
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units via appropriate standardization procedures. These recorder traces and 

detector response characteristics are kept as a permanent record by the princi

pal investigator and are available for inspection or inclusion in the standard 

data base at the request of the Project Office. 
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E. Data Products Schedule 

Data Type 
(i.e., Intertidal, 
Benthic Organisms, 

etc.) 

LMW-aliphaticsl 

LMW-aromaticsl 

Heavy hydrocarbons-
suspended matter 

Media 
(Cards, cod
ing sheets 

tapes, disks) 

cards 

cards 

cards 

Estimated 
Volume 

(Volume of 
processed data) 

300 cards 

approx. 
400 cards 

60 cards 

OCSEAP 
Format 

(if known) 

043 

none 

044 

Processing and 
Formatting done 

by PI 
(Yes or No) 

completed 

(negotiable) 

completed 

Collection 
Period 

(Month/Year to 
Month/Year 

Apr./1979 and 
Aug./1979 

Apr./1979 and 
Aug./1979 

Apr./1979 and 
Aug./1979 

lNo format exists for the reporting of interstitial water aliphatics or aromatics. 

Submission 
(Month/Year) 

May/1979 
Sept./1979 

June/1979 
Oct./1979 

July/1979 
Nov./1979 

. w 
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VIII. Sample Archival 

None of the samples collected in this'study will be archived for later 

reference. Analyses of waters for LMW hydrocarbons are performed in the 

field. The samples cannot be preserved, since the components are largely 

gaseous at normal temperature and pressure. Analysis of suspended matter 

for heavy hydrocarbons will be performed in the laboratory; the residue will 

be discarded unless the Project Office deems it necessary to archive this 

material. 
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IX. Logistics Requirements 

INSTITUTION Pacific Marine Environmental Laboratory/NOAA 

PRINCIPAL INVESTIGATORS Dr. Joel Cline and Dr. Richard reely 

A. SHIP SUPPORT 

. ' . . . ' 

1. Proposed tracks and/or sampling grids, by leg, on.a cbart of the area: 

See Figures 9 and 10. 

2. Types of observations to be made on tracks and/or at each grid. station: 

CTD, bottle casts, bottom grabs, gravity coring, deployment of 
submersible pump. 

3. Optimum time chronology of observations on a leg and a seasonal basis 
and the maximum allowable departure from these 

Timing is not critical. 

4. Number of sea days required for each leg: Cook Inlet: 8 days 
Norton Sound: 8 days 

5. Investigation is considered to be a: principal activity. 

Approximate number of hours per day required for observations: 

24-hour sampling- 1 hour for station sampling; 3 hours between stations. 

6. Equipment and personnel we expect ship to provide: 

CTD, gravity core, Van Veen sampler, survey technician. 

7. Approximate weight of equipment we will bring: 2,000 lbs. 

8. Will data or equipment require special handling? Yes, as follows: 

Liquid N2 dewars: must be kept upright 

Compressed gases: not to be dropped. 

Electronic gear: handled carefully and kept out of weather. 

9. Will you require any gases and/or chemicals? Yes. Compressed gases 
will be loaded in Seattle or shipped by Sea Land, Inc. 

10. Ship preference: (1} DISCOVERER (2) MILLER rREEMAN (3) R/V ACONA 

11. Requirement for a non-NOAA vessel: Small vessel required for work in 
Upper Cook Inlet. 

12. Number of people we must have on board for each leg: Usually 4 people. 
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X. Anticipated Problems 

The analysis of dissolved L~J aliphatics and the extraction of heavy 

hydrocarbons has been performed in this laboratory for 3 years and 1 year, 

respectively. Analysis of dissolved LMW aromatics was attempted this year with 

marginal success, necessitating a change in procedure. This new procedure 

employing GC2 will be tried this year in Cook Inlet (Aug.-Sept. 1978), with 

approximately 7 months available for changes and modification. Our method is 

essentially the purge-and-trap procedure recommended by EPA for LMW trace 

organic analyses. Currently, NNAF is exploring this procedure for the analy

sis of trace organics in water and state-of-the-art technology transfer, if 

required, should be easily accomplished between the laboratories. 

Analysis of sedimentary pore waters .for L~ al.iphatics presents a major 

problem. Attempts were made this past spring to core in Kachemak and Kamishak 

Bays with the gas harpoon. All efforts were unsuccessful because of unsuitable 

bottom characteristics (i.e., sand to gravel bottom or low porosity muds, etc.). 

Conversations with Dr. Kvenvolden of the Geological Survey of Menlo Park sug-

gest that equal difficulty will be experienced in Norton Sound because of the 

coarse bottom textures and low sediment porosity. In the event the deployment 

of the gas harpoon is not successful, a gravity core will be employed and the 

sediments degassed by He headspace stripping. 

In the event the cruise is not conducted according to schedule, we are 

prepared to make modest alterations in our schedule. Should equipment fail, 

several contingency plans are available, as they have been since the first 

OCSEAP cruise. L~ aliphatics may be stored in the dark for. a period of 2 

months without significant loss of hydrocarbons. L~ aromatics will be 

stripped from water and trapped on small clean Tena~traps and returned to 

the laboratory for analysis. 
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Recovery of suspended matter is effected with a continuous flow centrifuge. 

We have spare parts, including an extra motor, which can be replaced in about 

1 hour. A spare submersible pump is also included in our equipment list. 

In the past, these contingency plans have resulted in 80 to 100% efficiency 

in meeting our field obligations. 

XI. Ancillary Information 

The work to be performed under this proposal will be supplemented by 

hydrocarbon, suspended matter, and circulation studies {Nos. 152 and 435). 

The requirement for basic data on suspended matter concentration and composi

tion are only required for Norton Sound. For the purpose of describing and 

_modeling the hydrocarbon distributions, salinity and temperature data are 

required in both Cook Inlet and Norton Sound. Nutrient data also are re

quired for the comprehensive description of the biological state of the 

system in both Cook Inlet and Norton Sound. 
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XII. Milestone Chart 

RU #153 PI: Drs. Cline and Feely 

Major ~1ilestones: Reporting, and ot,her significant. .. 
confractual requirements; periods of field work;:workshops; etc. 

1978 
MAJOR MILESTONES 0 N 

Progress Report 
Development of LMW Aromatics Analysis 
Annual Report 
Cruise to Cook Inlet 
Submission of Cook Inlet Data 

LMW - Al iphatics; Pore Water Analys·is 
LMW - Aromatics 
Heavy HC 

Quarterly Report 
Cruise to Norton Sound 
Submission of Norton Sound Data 

LMW - Aliphatics; Pore Water Analysis 
LMW - Aromatics 
Heavy HC 

Quarterly Report 

D J : F' M 

0 : 
0 .• 

o-
0 

0 Planned Completion Date 
·x - Actual Completion Date 

(to be used on quarterly 
report) · · 

1979 
J A S - 0 

0. 
.. 0 

0 

0 

0 

0 
0 

0 

.. D 
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XIII. Outlook 

Upper Cook Inlet is presently the site of significant gas and oil production, 

and it appears that Lower Cook Inlet might achieve similar status. The input of 

spilt oil into the waters of Cook Inlet could conceivably double in the next few 

years. With this in mind, it is suggested that a concerted effort into the fate 

of oil in Cook Inlet be continued. Evidence derived during our April and July 

1977 cruises to LCI showed high concentrations of LMWH in the southward-flowing 

current west of Kalgin Island. Numerous small tar balls (-1 mm dia.) also were 

observed in the water samples. Evidence collected this year revealed the pres

ence of a complex mixture of aromatic hydrocarbons, presumably derived from 

the production region north of The Forelands. 

In contrast to the situation in Cook Inlet, the gas seep in Norton Sound 

is a natural phenomenon. Nevertheless, if liquid petroleum is:associated with

the observed leaking gas, Norton Sound becomes a natural laboratory in which 

to study the natural dispersion and weathering of oil under subarctic condi

tions. 

Emphasis should be placed on the identification of sources of anthropgenic 

oil in Upper Cook Inlet (i.e., subsurface and surface platforms, transportation, 

etc.), quantities being introduced, and the ultimate fate of the oil. Distri

bution and composition of the LMWH (aliphatic and aromatic) should provide 

identification of the sources, as well as the residence times, of the dissolved 

components of petroleum. 

Intensive studies will commence in FY 79 to identify major LMW aromatics 

in the water column and to establish concentration ranges for these components. 

Emphasis will be placed on the identification of unique petroleum descriptors 

within the suite of LMW aromatics. These compounds are particularly attractive 

because of their relatively high solubility in water. 

409 



' ' 

I . 
: ·I 

I i 
p 

41 

Work will also continue in FY 79 toward a better understanding of the 

importance of suspended solids in the transport of oil from upper Cook Inlet. 

The object in this program element is to establish the presence of petroleum

like hydrocarbons in association with suspended matter and to construct a 

transport budget. Depending on the results of our analyses this year and 

next, supplemental studies may be required to better document the fate of 

sorbed HC. This may include more detailed sampling north of The Forelands 

on a seasonal basis. 

Studies in Cook Inlet beyond FY 79 should concentrate on refining the 

knowledge gained to date or gap filling. This would include the construction 

of simple compartment models to estimate the flux of hydrocarbons through the 

system. Whether or not additional sampling is required in Cook Inlet for 

FY 80 and FY 81 will largely depend on the results of next year's sampling. 

A substantial portion of time during FY 80 and 81 should be directed to syn

thesizing data already collected and the publication of these results. A 

crude budget estimate for Cook Inlet for the fiscal years 80 and 81 would be 

$60 K and $40 K, respectively. 

A somewhat similar problem exists for Norton Sound. If oil is not 

present, then our objectives concerning plume dynamics will be largely met 

after next year's study. This will include the occurrence and distribution 

of LMW aromatics. Assuming that Norton Sound will become a suitable natural 

laboratory, our original strategy will hold. Emphasis would be given to 

dispersion mechanisms, sediment transport, chemical weathering, and the 

impact of natural oil seepage on the benthic biological communities. This 

effort, by definition, would be interdisciplinary. 

For fiscal years 80 and 81, emphasis would be given to dispersion model

ing and chemical weathering of petroleum in sediments. Suspended matter 
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transport of HC may be an important process, requiring additional laboratory 

work on the adsorption-desorption characteristics of Yukon River sediments. 

Since these sediments are highly enriched in clay minerals, their adsorption 

characteristics may be much greater than those observed with Cook Inlet sus

pended matter. 

The preliminary budget estimates for Norton Sound are difficult to predict 

in view of the uncertainty surrounding the nature of the seep. In the event 

oil is found, we estimate our budget at $75 K for FY 80 and $50 K for FY 81. 

If no oil is found, the syntheses of data and finalizing of results would 

cost about $40 K for FY 80 and $30 K for FY 81. 
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XIV. General Stipulations 

Updated milestone charts will be submitted quarterly~ . A schedule for 
processing and analysis of past year's data will be submitted· to the 
Project Office upon· request~ 

-· ,: . ,·' •, 

Quarterly,reports wi.ll be submitted to the appropriate Project Office ' : 
during the contract year to be in •OCSEAP hands by the fi'r'st day of 
January, July, and October. Annual Reports are due by April 1. · The 
Final Report will be submitted within 90 days of the expiration of the 
contract. 

C. Where biota ar~ concerned, all species and highe.r categories will be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to ·an official OCSEAP designated repository in con
formity with OCSEAP voucher specimen policy. Vouchering .will include 
1 ife history stages· (e.g;, larvae, juveniles, adults) when these are 
studied; and sexes where these.ar.e morphologically distinguishable .. 

D. At the option of OCSEAP, the PI is prepared to travel to the Project 
Office at least twice during the contract year to review project 

·status and progress. Such reviews will be scheduled on dates mutually 
satisfactory to both parties. In addition, the PI may be requested to 
participate in program review or synthesis meetings as required. It 
is understood that costs of the travel and per diem for these trips 
\'li 11 be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in the 
form and format specified in Deliverable Products Section VII, A thru 
E. Digital data submissions will be accompanied by a Data Documenta
tion Form (NOAA Form 24-13). 

F. Digital Data will be submitted to the Project Data Manager within 120 
days of the completion of a cruise or three month data collection 
period, unless a written waiver has been received from the Project 
Office. The NODC Taxonomic Code is to be used for biological data 
submissions. · 

G. Within 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA Form 24-23) 
will be submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract expiration. All new 
equipment purchased will be reported quarterly and inventoried annually. 
The PI will maintain inventories of all expendable and nonexpendable 
equipment purchased with OCSEAP funds. Information will be recorded 
on Form CD-281, 11 Report of Government Property in Possession of Con
tractor11 (copy attached). Updated copies of these inventories will be 
submitted quarterly. 
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I. Three copies of all manuscripts for publication or presentation·which pertain 
to technical or scientific material developed u'nder OCSEAP funds, will be 
submitted to the appropriate Project Office at .least 60 days prior to re
lease, for information and for forwarding· to'BLM. · The release of such 
material within a period of less than·60 days will be made· only with prior 
written consent of the Project Office. News. releases will first be 
cleared with the appropriate Project Office. Five·'copies of .all reprints 
which pertain to technical or scientific material dev~loped under OCSEAP 
funds will be submitted to the appropriate Project Office when they become 
available. 

J. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship. The following acknowledg
ment is standard: 

"This study was supported by the Bureau of Land Management through inter
agency agreement with the National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to needs of petroleum develop
ment of the Alaskan continental shelf is managed by the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) Office." 

'f' ', 
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Subject: 

·u.s. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 
Pacific Marine Environmental Laboratory 
NOAA Building Number 32 · 
7600 Sand Point Way NE 
Seattle. WA98115 

August 8, 1978 

Addendum.to the FY 79 LMWH Proposal - R.U. #153 
INFORMATION MEMORANDUM . 

In accord with John Calder•s request, we hereby amend the 
proposal to include the statement that both aromatic characteriza
tion and analysis will be performed in the field, assuming that 
the quality of power available is not a deterring factor. Under 
the geographical headings {pages 18 and 19), include the following 
statement: · 

11 Characterization of lowmolecular aromatics will be 
conducted in the field using a Hewlett Packard 
model 5992 GC-MS system, In the event that GC-MS 
system is not available for shipboard deployment, 
aromatics will be stripped and trapped on Tena~ 
for subsequent analysis in the laboratory. u 

If there are any questions, please call me. 

cc: Herb Curl 
R. Feely 
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MODIFICATIONS TO 'FV 79 PROPOSAL (R.U. #153) 

Add to page 19 of proposal: 

6. To spatially determine the concentrations of the low molecular weight 

hydrocarbons in upper Cook Inlet. Emphasis will be placed on the distributions 

and abundances of LMW aromatics (benzene, C1-benzenes-, C2-benzenes, etc.) 

associated with production activities in Trading Bay and Middle Ground ,Shoal. 

Replace section 2, page 27 of proposal: 

2. LMW Aromatics 

Aromatics will be stripped from solution in an analogous fashion (T = 70°C) 

and trapped.on Tenax GCR, which does not retain water.- The LMW aromatics will 

be backflushed off the. Tenax column at 250°C and chromatographed on a 30m 

glass capillary column wall coated with SE-54. The aromatics will be cold 

trapped on the first loop of the capillary column with liquid N2 prior to in

jection. This should result in sharp, well-defined peaks. This procedure will 

be utilized this year in Cook Inlet (Apr.-June 1978). For the purpose of char

acterizing LMW aromatics from the myriad of compounds present in the volatile 

fraction, a H.P. model 5992 g.c.-m.s. system will be deployed at sea. Because 

of the complexities involved, it may prove advantageous to perform selected 

ion monitoring on the compounds of benzene, toluene, xylenes, and ethylbenzene. 

Whether or not a g.c.-m.s. system is available, we will be prepared to collect 
R volatile aromatics on either activated charcoal or Tenax contained in small 

s.s. traps. These samples will provide backup in case the system at sea does 

not perform up to expectations. 

The g.c.-m.s. system also will be used in Norton Sound to characterize 

LMW aromatics associated with the gas seep. 
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Calibration will be effected by extracting small volumes of water satu

rated with selected aromatics. Currently, these include benzene, toluene, 

xylenes, and ethylbenzene. As more aromatic compounds are identified, addi

tional standards will be added to quantify their response. 

Our first effort this year at aromatic analysis was marginally<successfuL 

Major problems includ~d poor stripping efficiency from water, poor resolution 

from packed columns (5% SP-1200/1.75% bentone on Supelcopert), and the abun

dance of LMW organic compounds. In the new procedure, the water will be 

stripped at 70°C with He and the aromatics trapped on Tenax or activatedcharcoal 

at 10°C. In view of the interference caused by numerous LMW organics pres-

ent in seawater, new chromatographic andtrapping techniques must be developed. 

Add to page 36 of the proposal: 

7. Change to read 3,000 lbs. 

13. The g.c.-m.s. system will require a stable 220 v, 30 amp circuit in 

a dry laboratory. The required space is about s• x J•; typical bench top is 

sufficient. It is our hope that the instrumentation could be purchased early 

enough to prompt trial runs on one of NOAA's oceanographic vessels. 

Add to page 37 of the propos a 1 (as par. 2) : 

Under the current strategy, an attempt will be.made to analyze volatile 

aromatics, using a g.c.-m.s. on board ship. If the instrument is available in 

January 1979, only 3-5 months will be available for method development and 

troubleshooting. Because of the shortness of time, it is unlikely that defini

tive results can be obtained next year, and additional R&D will be required . 

during the second year. The projected·transfer of the instrument to Alaska 

for FY 80 also will impact our performance significantly. If there is some 

assurance of a minimum 2-year study into the characterization of LMW aromatics 
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in upper Cook Inlet, I believe significant headway can be achieved. In either 

event, samples of LMW aromatics will be taken and stored on TenaxR for subse

quent analysis. 

Add to page 44 of the proposa 1 : . 

K. Our studies in Cook Inlet and Norton Sound will be integrated with 

microbi.al, physical, and other chemical research units. Specifically, thes.e 

research units include R.U. ~s 29, 152, 190, 275, 430, 480, and P902 ... I also 

will participate in a cruise planning session to be organized by the OCSEAP 

Project Office for the purpose of outlining research and observational 

strategy in Cook Inlet and Norton Sound. 

419 



' ' ., 

1' : ,', 
'I ·I; r,, 

I 

1. Title: Shorebird Dependence on Arctic Littoral Habitats 
Research Unit #172 

Principal Investigator: Robert W. Risebrough 

Research Coordinator: Peter G. Connors 

Total Cost: Science Budget: $49,842 

Institution: Bodega Marine Laboratory, University of California 

Date of Proposal: October 1, 1978 - September 30, 1979 

Required Signatures 

Principal Investigator: Robert W. Risebrough 

Name QwJ C.J Q. l1d Date --;:;7'-13, ==lL . .:~_7s.; 
Address Bodega Marine Lab., Box 247, Bodega Bay, CA 94923 
Telephone Number (707) 875-3585 

Required Organization Approval: Cadet Hand, Director 

Name G:¥v£n D Date 
Address Bodega Marine Lab., Box 247, Bodega Bay, CA 94923 
Telephone Number (707) 875-3511 

Organization Financial Officer: August G. Manza 

Name · - ,. fl1anz-&. - Date I 1-;2?-7.! 
Address C pus Research Office, Univ. of CA, Berkeley 
Telephone Number (415) 642-0120 

420 



L 

'; ,; : ·,,·, 

3 .. Technical Proposal 

I. Title: Shorebird Dependence on Arctic' Littoral Habii:ii.ts 
Research Unit #172 
Contract Number 03-5-022-84 

·Proposed Dates of Contract:· October 1 ;· '1978 to 
September 30, 1979 

. ~ . . i -: ,• 

II. Principal. Investigator:· Robert W. Risebrough, Research Ecologist 

Research Coordinator: Peter G. Connors, Assistant Research 
Ecologist 

IlL Cost of Proposal: 

A. Science: $49,842 

B. P.I. provided logistics: None 

C. Total: $49,842 

D .. Beaufort Sea: 100% 
.t:•' 

IV. Background 

Before 1975, very little quantitative information was available 
on the use of littoral areas by shorebirds in the Ala~kan Arc.tic, since 
prior work had concentrp.ted on tundra breeding phenomena .. : Work in 1975-
78 on· this R.U.-has documented normal dependencies of.a wl.de variety of 
shorebirds on habitat features and prey items of Beaufort"and Chukchi 
Sea littoral habitats. Year-to-year variability in abundance, timing, 

:,,-' 
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habitat use and diets of shorebirds has been outlined, and extreme 
variation between years in density of zooplankton prey has emerged. 
Temporal differences in movements and habitat use of the mobile shore
bird populations, as well as regional differences in species habitat use 
patterns between Chukchi and Beaufort coasts, have also been.identified. 

Work in FY78 has initiated studies of shorebird littoral zone 
use in artificially altered situations, such as the ARCO causeway in 
Prudhoe Bay. In order to devote greater effort to analysis and 
synthesis of existing data during FY79, we do not propose to repeat 
these studies at Prudhoe Bay. (We do, however, appreciate the value of 
a second season of comparative data at this site.) Instead, we hope to 
retain the possibility of one or two brief visits to Prudhoe Bay or 
Barrow during summer 1979 to focus on specific questions or comparisons 
which emerge as important in the course of our continuing analysis of 
1978 and prior seasons' data from RU 172, together with the concurrent 
analysis of results from RU 467 and RU 356 (see below for examples). 
The relevance of these questions would be determined as they emerge from 
our analyses through discussions with OCSEAP scientific personnel. The 
resulting field efforts, if required, would be minor compared to the 
efforts in prior seasons. The major focus of FY1979 work would remain 
on analysis and synthesis of information already gathered. 

Discussions are currently underway involving ARCO personnel, 
State of Alaska representatives, and OCSEAP staff and PI's, concerning 
the possible modification of the Prudhoe Bay causeway in the future. 
Breaching of this presently continuous gravel causeway may produce 
changes in local currents, sedimentation patterns, benthic and plank
tonic invertebrate distributions, and bird use. Data gathered during 
summer 1978 have provided a one-year baseline before this manipulation 
occurs. In the event that the proposed breaching of the ARCO causeway 
becomes a reality in 1979, we would suggest a full field effort follow
ing our established transects in that vicinity at Prudhoe Bay. 

V. Objectives 

1. Continue analysis of seasonal use patterns of shorebirds, gulls, 
and terns, by species and age class, in arctic littoral and 
nearshore habitats, with special emphasis on altered habitats, 
coastal structures, and disturbed sites of several kinds, 
bearing on questions of OCS development effects. 

2. Complete analysis of foraging habitat preferences, by species 
and age class, within altered littoral zone areas as compared 
with undisturbed areas. 

3. Summarize data on prey species taken by shorebirds in disturbed 
and undisturbed littoral areas. 

4. Evaluate and discuss the dependency of littoral zone foraging 
birds on zooplankton in terms of the variability of zooplankton 
among years and locations, to estimate the flexibility of birds 
to potential development-caused variation. 
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5. From these information classes, assess the probable effects of 
disturbance and alterations associated with OCS development. 

6. Prepare, or cooperate in preparation of, species accounts of 
ecology and migration of the key species Red and Northern 
Phalaropes, according to OCSEAP prescribed formats. 

VI. General Stragegy and Approach 

FY79 marks. a shift in general strategy of RU 172 toward an 
increase in analysis and synthesis efforts at the expense of full-scale 
field data-gathering efforts. Emphasis will be devoted to summarizing 
previously obtained data to derive final products relating to the 
objectives listed above. Any 1979 field efforts will be brief, and will 
focus ori specific questions arising from this analysis. 

VII. Sampling Methods 

If any field work is required in 1979, methodology will probably 
follow that of prior seasons. Possible efforts could include: (1) 
census of previously established. shoreline. transects during periods of 
heaviest use, especially near the ARCO dock in Prudhoe Bay or on Barrow 
Spit, and (2) collection of juvenile Red and Northern Phalaropes during 
mid or late August, since prior data from Ru 172 and RU 467 suggest that 
these similar species may have very different fat accumulation schedules. 
If verified, this latter surprising result could indicate differing 
littoral zone dependencies for tqe two phalaropes. 

VIII. Analytical Methods 

Transect census data will be used to construct seasonal 
frequency histograms of bird density by species, age, and sex in differ
ent habitats. Analysis of frequency of association of each species with 
different transect habitat types will cefine the habitat use character
istics of all species measured and will help to evaluate the dependence 
of shorebird species on particular littoral habitats. Other analyses 
will utilize standard statistical tests (parametric and non-parametric). 
See Annual Reports for Ru #172: 1976, 1977, 1978. 

IX. Deliverable Products 

A. Digital Data 

(1) See File Type 034, page 5. 

(2) See Digital Data Products Schedule, page 6. 
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~1arine Birds - Land Census 

Con~on to all records 
File Type 
File Identifier 
Record Type 
Station Number 

File Type 034 

Record Type '1' - Location 
Geographic Position (Start and End) related to grid system 
Date/Time 
Unit Dimension 25-200 
Number of 'X' and 'Y' units 1-60 

Record Type '2' - Environmental Data 
Wet/Dry Bulb Temperature 
l'lind Information (codes) 
Weather (code) 
Visibility (code) 

Record Type '3' - Ice 
Ice Characteristics in Transect (codes) 

Record Type '4' - Text 
Text 
Sequence Number 

Record Type '5' - Data X/Y 
EDS Taxonomic Code/Subspecies Group (codes) 
Age/Sex (codes) 
Number of Individuals 
Behavior (code) 
Food Source/Species (codes) 
Sequence Number 
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Data Type Media 

Bird Transect Census Tape 

DIGITAL DATA PRODUCTS SCHEDULE 

Estimated 
Volume 

0 to 500 

OCSEAP 
Format 

034 

Formatting 
Done by 
Project 

Yes 

Collection 
Period 

6/79-9/79 

Submission 

1/80 



B. Narrative Reports 

Periodic results and progress reporting, as prescribed. In 
particular, this project will report on analysis of differences 
in shoreline habitat use between natural and altered sites, 
attempting to predict the impact of some of the development 
disturbances and constructions which may be associated with OCS 
oil development. Reports will also summarize information 
gathered on temporal and spatial variability in prey densities 
and bird densities, seasonal patterns of habitat use by shore
birds and other species at several arctic sites, relative 
susceptibility of shorebird species to different types of 
development disturbances, and the location and timing of 
critical or high density use areas along the arctic coast. 
Special emphasis will be devoted to the distribution and 
ecology of Red and Northern Phalaropes, toward the eventual 
product of species accounts as discussed at the Vertebrate 
Consumer Workshop in Fairbanks, October 19, 1978. 

C. Visual Data 

( Mah pb~t,, otvderlayds, chartds, and dtitagramstas redq~irtedftfo tillusftOrcaste 
:::. a 1 a epen ency an use pa erns, o pre 1c e ec s o 
!: related events on littoral and nearshore zones. 

,I 
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D. Other Data 

None anticipated 

X. Quality Assurance Plan 

If required, bird census data will be direct counts, requiring 
no calibration. 

XI. Specimen Archival·Plans 

Bird museum specimens, if any, will be submitted to the Museum 
of Vertebrate Zoology, University of California, Berkeley. Invertebrate 
samples, if any, will be stored at the Bodega Marine Laboratory, Bodega 
Bay, California. 

XII. Logistics Requirements 

Field studies, if any, will be brief in 1979. We describe here 
the probable,requirements if field efforts in Prudhoe and/or Barrow are 
required. 

A. Ship Support: None 

B. Aircraft - Fixed Wing: Commercial flights, Prudhoe Bay to 
Barrow, 3 round trips, $500 
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C. Helicopter: None 

D. Quarters and Subsistence: 

1. Requirements: 

Prudhoe Bay and/or Barrow; dates undetermined, probably 
mid-August; 2 persons; total person-days approximately 40. 

2. Sources: 

Prudhoe Bay: no recommendation 

Barrow: NARL 

3. Costs: 

Prudhoe Bay: present rate $100 per day 

Barrow: present rate approximately $80 per day 

E. Special Problems: 

1. NARL: Laboratory rental: up to 20 days @ $10 per day 
$200 

Vehicle rental, storeroom charges: $400 

2. Prudhoe Bay: We would require daily use of a pickup truck 
during any brief period spent at this site. 

XIII. Anticipated Problems: None 

XIV. We require continued prompt exchange of results from RU 467 and 
from RU 356. 

XV. Management Plan 

Management of this project for FY 1979 will proceed as it has 
for prior years. Budgetary matters will be managed, in consultation 
with the principal investigator, by the business office and accounting 
staffs of U.C. Bodega Marine Laboratory and U.C. Berkeley. Expenditures 
will follow the activity/milest~ chart included here, and a monthly 
financial accounting will allow any necessary adjustment of expenditure 
rate. Note that data coding, submission, analysis and report preparation 
will require extensive efforts after September 30, 1979, since the field 
season ends in late September. Anticipated expenditures to satisfy 
basic contract requirements for these tasks are included within the 
budget. 
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XVI. Outlook 

Final synthesis may require some continued effort in FY 1980. 
Recognizing the changing emphasis within OCSEAP, we do not envision 
continued field studies except for these possibilities: -

(1) Breachin,g the ARCO dock at Pru(lhoe Bay, as discussed above, 
would provide an experiment almost demanding a renewed field 
effort .. 

· (2) A proposed oil spill experiment, described separately in 
response to th_e proposed res-earch unit P-924, we. consider 
valuable tor 1979 or 1980. · 

(3) Specific questions arising from t.he continuing anB.lysis and 
.synthes.is, or from studies done under (1) and (2), may 
require an additional limited field.program. 

Any of these :efforts.wo~ld·b~ directed toward specific ariswers 
pred~cting the effects; of p;a,~ticu+~r disturbances on bird populations. 
Costs would b_e considerably below the 1979 budget unless a continued 
field effort ;is required·. . 

XVII. 1.. Updated milestone charts wil{ be submitted quarterly. A 
schedule 'foJ; processing ~J?-<;l anilysisr of past years' data 
will be submitted'to the Project Office upon request. 

' 2 .. Quarterly Reports will be· submitted to the appropriate 
Project.Office Cfuring the contract by the first day of 
Jan.uary ~ July, and October,' Annual Reports by April 1. The 
Final Report ,will be submitted within 90 days of the 
expiration of the'contract. 

3. Where biota are concerned, all species and higher categories 
.will be ~epresented by the voucher specimens that will be 
preserved, :labeled~ held, and shipped to an offic~al OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the 
contract year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. .It is understood that costs of the travel and 
per diem for these trips will be borne by the Project Office .. 

5. Data will be provided in the form and format specified by 
OCSEAP,_accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of 
a cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 
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7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

I 

*8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration.· All equipment will be accounted for in accordance 
with University of California's policies and procedures 
applicable to government owned equipment. Auditahle records on 
such equipment are available for inspection at anytime during 

. norma 1 business hours. A fi na 1 property i riven tory wi 11 be 
resubmitted in accordance with the governmeDt property clause 
(ART 33). -

9. Three (3} copies of _all manus~ripts for publication or 
prese~tation which pertain to technical or scientific material 
developed ·under OCSEA~ furids will be submitted to the appropriate 
Project Office at least sixty (60) days prior to release, for 
information and for forwarding to BLM. The release of such 
material within a period of less tnan sixty (60) days shall 
be made only with prior written consent of the Project Office. 
News releases will first be cleared with' the appropriate 
Project Office. · · - · -

10. All publications and presentations of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgm¢nt is standard: 

! 

. "This study was .supported by the Bureau of Land Management 
through· interagency ·agreement with the Nati.onal Oc'eanic and 
Atmospheric Administration, under which a multi-year program 
responding-to ~eeds~df petro)eum deV~lopment of the Alaskan 
continental shelf is'managed by the Outer Continental Shelf 
Environmental Assessment Program (OCSEAP) Office~" · 

*The University of California (Berkeley) maintains a property 
record system approved by the _DOD and DHEW. 
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MT I.ESTONP. C11Ail1' 

nu It: 172 PI: n. w. rtischrough 

Major Milestones: Reporting, datn mnnngement nnd other significant 
contrnctunl requirements; periods of field work; workshops; etc. 

MAJOR MILESTONES (Data set equals one field season.) 

Coding and submissi9n of 1978 data; preliminary analysis 

Finnl nnnlysis; annual report preparation 

Planning 1978 season 

Field season, if required 

Coding and submission of 1979 data; analysis 

Final analysis; annual report preparation 
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Publications reporting research results from RU #172: 

1. Connors, P. G., J. P. Myers, F. A. Pitelka. Seasonal patterns of 
habitat use by coastal plain shorebirds in arctic Alaska. In 
Shorebirds in Marine Environments, ed. F. A. Pitelka. Studies in 
Avian Biology No. 2, Cooper Ornithological Society. In press. 

2. Connors, P. G., K. Hirsch, C. Hohenberger. Effects of coastal oil 
development on shorebirds in arctic Alaska. Abstract submitted to 
Pacific Seabird Group Meetings, December 1978. 

3. Connors, P. G., C. S. Connors. 1978. Wet coastal tundra I 
(breeding bird census). American Birds 32: 118. 

4. Hirsch, K., D. Woodby. 1978. Wet coastal tundra II (breeding bird 
census). American Birds 32: 118-119. 

5. Connors, P. G., D. Woodby, C. Connors. Wet coastal tundra I 
(breeding bird census). Submitted to American Birds for 1979. 

6. Myers, J. P., F. A. Pitelka. 1979. Variations in summer tempera
ture patterns near Barrow, Alaska: analysis and ecological 
interpretations. Arc. and Alp. Res. 12(2), in press. 
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TO: Bering Sea-Gulf of Alaska 
Project Officer 

Proposal/Revision Date: 1 September, 1978 
Contract #03-5-022-68 

OCSEAP Research Unit #190 Institutional/In #6001768 

STUDY OF MICROBIAL ACTIVITY AND CRUDE-OIL MICROBIAL INTERACTIONS IN 

WATERS AND SEDIMENTS OF COOK INLET, NORTON SOUND, AND THE BEAUFORT SEA 

Co-principal Investigator: 

Co-principal Investigator: 

Institution: 

?eriod of Proposal 

Robert P. Griffiths, Ph.D., Assistant 
Professor--Senior Research 

Richard Y. Morita, Ph.D., Professor of 
Microbiology and Oceanography 

Lease Areas Cook Inlet 
Beaufort Sea 
Norton Sound 

Oregon State University 
Department of Microbiology 
Corvallis, OR 97331 

76% 
12% 
12% 

October 1, 1978 to September 30, 1979 
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TECHNICAL PROPOSAL 

I. Study of Microbioal Activity and Crude Oil-Microbial Interactions 
in the Waters and Sediments of Cook Inlet, Norton Sound, and the 
Beaufort Sea. 

Research Unit #190 
Contract Number 03-5-022-68 
Inclusive Dates: October 1, 1978 to September 30, 1979 

II. Co-principal Investigator: Robert P. Griffiths, Assistant Professor
Senior Research. 
Co-principal Investigator: Richard Y. Morita, Professor of 
Microbiology and Oceanography 

III. Cost of Proposal: 

A. 

B. 

c. 

D. 

Science 

P.I. provided logistics 

Total. Including approximately $7,000 for nutrient 
analysis of samples collected by Dr. Atlas (RU#29) 
and ourselves 

Distribution by lease area: Lower Cook Inlet 
Beaufort Sea 
Norton Sound 

433 

$130,000 

$130,000 

76% 
12% 
12% 
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IV. Background: 

A. General 

The goals of the OCSEAP microbiology program are to determine 
the numbers and types of bacteria present in each lease area and to 
determine their contribution to the productivity of the area 
through studies of carbon and nitrogen cycling in the marine environment. 
Spatial and seasonal variation can be enormous; hence sampling 
should be done on a seasonal and spatial basis. In addition, the 
interactions between oil and microorganisms should be studied, 
including the capabilities of the microbial population to degrade 
oil and the effects of oil on microbial abundance, diversity, and 
functions. 

These objectives have been addressed by RU's 20 and 190. To 
date we have some understanding of the types and numbers of bacteria 
and their productivity in Cook Inlet on a seasonal and broad geo
graphical basis. Geographical data only has been obtained on 
types and numbers of bacteria, bacterial biomass, and nitrogen 
fixation rates in the Beaufort Sea. 

Emphasis in FY 79 in Lower Cook Inlet will be placed on evaluating 
possible effects of crude oil and weathered petroleum contaminants 
on the nature and extent of microbial involvement in the food webs 
of selected littoral and shallow subtidal study sites. These 
determinations will be made using several different measurements in 
sediment samples that have been exposed to these pollutants for 
varying lengths of time. Our basic approach will be to study 
entire microbial populations under conditions that are as close to 
in situ as possible rather than isolating representative bacterial 
str~ and conducting pure culture studies under entirely artificial 
conditions. The types of measurements made will, in part, be 
dictated by the time frame of the experiment and the techniques 
available for making measurements on marine sediments. 

B. Beaufort Sea Studies 

During the last two Beaufort Sea synthesis meetings, it was 
apparent that there was very little data available on the distri
bution and function of marine microorganisms in the area from 
Prudhoe Bay to Demarcation Point. An icebreaker cruise which is 
scheduled for August, 1978 should. fill most of those data gaps, In 
addition, it was .noted that there was no information concerning 
natural rates of crude oil degradation in marine sediments and 
there was little information about the effects of crude oil on 
microbial function in marine sediments in and under the ice. We 
are currently undertaking a study with Dr. Atlas (RU 29) which is 
designed to supply some of that information, This study involves 
the analysis of sediment samples which were mixed with crude oil, 
placed in plastic trays which are anchored to the bottom of Elson 
Lagoon by divers. Trays were then removed at specific time inter
vals and analyzed by both Dr. Atlas and ourselves. The first trays 
were set in July, 1977. Unfortunately, all but three out of a 
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hundred trays were emptied by the prop wash of a NARL boat. In 
January, some trays were once again set by divers. Two of these 
were recovered for analysis in April, 1978 and another set will 
be recovered this coming August. The analyses of the remaining 
trays will be made during this funding period. 

C. Norton Sound 

To our knowledge, there is no data available on levels of 
microbial activity in Norton Sound, The fact that no information 
of this nature is available coupled with the fact that there are 
natural oil seeps in the region make it an important area to study. 
These oil seeps constitute an ideal natural control where the 
adapt'ation of the natural marine microflora to chronic crude oil 
input can be documented. For these reasons, a cruise in the Norton 
Sound has been planned, 

D. Upper Cook Inlet Cruise 

At this time, there is very little microbiological data available 
for the Upper Cook Inlet. This cruise is designed to provide the 
chemical oceanographers with supportive microbiological data while 
they study the distribution of hydrocarbons in the water column. 
This region is also of great interest to us because the Upper Cook 
Inlet is a source of high microbial activity which is found in the 
waters of the Lower Cook Inlet. It will be very interesting to 
trace this high microbial activity to a source within the inlet and 
to determine if it is natural or man-made. 

E. Cook Inlet 

It is becoming increasingly·evident that a thorough study of 
the food web in the Cook Inlet is a high priority concern because of 
the potential impact of crude oil exploration and development on 
the commercial fisheries in this region, It is also becoming 
increasingly evident that the food for all trophic levels in inshore 
environments is largely dependent on microbial process a'ssociated 
with the organic detritus in the marine sediments (Fenchel and 
Jorgensen, 1977, Advances in Microbial Ecology, 1:1-58; Morita, 
Microbial contributions to the various trophic levels. Intern. 
Symp. on Marine Microbiol. [in press]). After an extensive survey 
of the literature, we have concluded that a major food source for 
the ecosystem in this region probably originates in the detrital 
food web. The .transfer of the potential food in the detritus to 
much more usable forms for higher organisms is dependent on microbial 
processes. Of these processes, probably the most important are the 
control of nitrogen availability and the colonization of detrital 
particles. The detrital particles themselves have very high carbon 
to nitrogen and carbon to phosphorous ratios and thus, by themselves, 
provide a poor food source for higher organisms. When these particles 
are colonized by bacteria, the food value is substantially increased 
due to the lowering of carbon to nitrogen and phosphorus ratios 
plus ectocrine compounds found in the bacterial biomass. When 
detrital particles are ingested by marine animals, the bacteria are 
digested and the remaining material is defecated. The resulting 
fecal particles are recolonized by bacteria and reingested. The 
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recycling of phosphorous by bacteria is fast enough that it is not 
usually a growth limiting factor; however, fixed nitrogen might be 
limiting. For this reason nitrogen fixation and denitrification 
become important to the bioenergetics of the whole system. 

There are a number of other factors involved in the efficiency 
with which detrital particles are converted into usable food. One 
of these factors is th~ cropping of bacteria by protozoa. The 
exact mechanism is not known, but it is known that this process 
affects the rate of detrital particle breakdown. When protozoa are 
present to crop bacteria, microbial rates are significantly higher, 
In such a situation, a high population of protozoa signifies that 
the microbial productivity is also high in order to furnish enough 
cells for the protozoa to eat, but the bacterial population does 
not increase significantly due to protozoan cropping. Somehow, 
methods must be developed to determine the productivity (increase 
in numbers) of bacterial cells in a system where they are constantly 
being cropped. At present these processes are poorly understood. 
We are thus proposing to study these processes and to determine how 
fresh crude oil and weathered crude oil components affect these 
vital functions. 

The following measurements will be made to help us quantitate 
and evaluate microbial involvement in detrital food webs; relative 
microbial activity, respiration ratios, biomass, pH, Eh, energy 
charge (E.C. = [ATP] + l/2[ADP]/[ATP] + [ADP] + [AMP], growth 
rates, cropping rates by protozoa, concentrations of N03 , NOz, P04 
and NH3. The microbial functions in marine sediments are so complex 
that a large number of variables must be studied to determine what 
is occurring in a given population. For instance, if the population 
had a large biomass, a high growth rate and a high metabolic activity, 
the cell numbers should be high, the percent respiration should be 
low, the total energy charge should be high, the relative microbial 
activity high, the ATP/cell should be high, the biomass/cell should 
be high, the relative microbial activity/cell should be high and 
the cropping rate by protozoa should be low. On the other hand the 
EC may be high, the ATP high, but a low bacterial biomass exist in 
the environment. This latter situation may just indicate that the 
productivity of the bacterial cell population is high but the 
bacterial biomass is being cropped by the protozoa, nematodes, etc. 
Actually the bacterial productivity in terms of biomass is very 
important because it is constantly being cropped by higher forms 
which in turn are being eaten by still higher forms. The productivity 
of bacterial cells during the winter months is very important 
because the phytoplankton productivity. is very low--hence the 
initiation of the food web may be mainly bacterial. There are at 
least eight possible combinations of cell number, growth rate and 
metabolic activity which would produce different patterns in the 
above mentioned variables. By comparing these variables in a 
number of sediment samples, we will be able to obtain important 
information about the physiological state, productivity and standing 
crop of the microbial populations. 
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V. Objectives: 

1. In Lower Cook Inlet, to determine the effects of petroleum 
on the extent and nature of microbial involvement in detrital food 
webs at selected nearshore study sites. More specifically this 
will involve: 

a. Literature review and synthesis of all available information 
of the role microbiota in detrital food webs with emphasis on the 
arctic marine environments. 

b. The determination of microbial biomass, relative microbial 
activity, respiration ratios, microbial growth (by indirect means), 
and rates of nitrogen fixation and denitrification in control and 
petroleum impacted sediments of selected nearshore areas. 

c. The determination of the rates of hydrocarbon biodegradation 
in control and petroleum impacted sediments of selected nearshore 
areas. 

Measurements should also be made of the effects of oil on the 
following physiochemical variables, and correlations should be made 
with the microbial measurements listed above: pH, Eh, salinity, 
temperature, N02, NO} NH4, o2 total organic c, and total organic N. 

2. In the Beaufort Sea, to determine the effects of petroleum on 
relative microbial activity, respiration ratios, rates of nitrogen 
fixation, and inorganic nutrients in bottom sediments provided by 
RU 29 from the plexiglass tray experiment. 

3. In Norton Sound, to determine whether the presence of a natural 
oil·seep has altered the activity of the microbial population. 
Relative microbial activity, respiration ratios, rates of nitrogen 
fixation, and inorganic nutrients will be measured in the same 
water and sediment samples used by RU 29 for measurements of the 
relative abundance of microbes. 

4. In the Upper Cook Inlet, we 
with the chemical oceanographers, 
data for the chemists during this 
studies which will be designed to 
microbial activity which is found 

will participate in a joint cruise 
~.Je will be providing supportive 

cruise and we will also be conducting 
pinpoint the source of the high 
in this area. 

5. To continue laboratory studies to determine the effects of 
crude oil on relative microbial activity, respiration ratios, and 
rates of nitrogen fixation. 

VI. General Strategy and Approach: 

A. Beaufort Sea 

In the Beaufort Sea, we will continue the same work that we 
have initiated with Dr. Atlas. Both the scope and experimental 
design will be essentially the same as that previously described. 
As techniques are developed for the Cook Inlet detrital food web 
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study, we will expand the scope of our study of microbial function 
in the Elson Lagoon sediment samples. 

B. Norton Sound 

The study in Norton Sound will be conducted essentially in the 
same way as our pas't studies of the Cook Inlet. The main difference 
will be the emphasis on the comparison between areas where natural 
oil seeps occur and areas where they do not occur. This comparison 
should give information on how natural marine microbial populations 
have adapted to a chronic imput of petroleum hydrocarbons into the 
marine environment. These observations will be made during a 
cruise on board a NOAA ship in the late spring, 1979. 

C. Cook Inlet 

During the Upper Cook Inlet cruise, the chemists will be 
looking for sources of hydrocarbons in the water column of Upper 
Cook Inlet. We will be collecting the same type of data that we 
collected during the May, 1978 cruise in the Cook Inlet with the 
same chemists. We will det~rmine if there is any correlation 
between the level of hydrocarbons in the water column and the 
relative microbial activity, percent respiration, and the acute 
effects of crude oil on the uptake and respiration of glucose and 
glutamic acid. 

The studies in the Cook Inlet will be conducted from the 
OSCEAP laboratory at Kasitsna Bay (Kachemak Bay) Alaska. The basic 
approach will be to take sediment samples from several sites in 
Kachemak Bay and to process them in the field laboratory. A small 
boat with a suitable winch and sediment sampler will be used for 
sample collection. In some instances, sediment will be treated 
with,oil, placed in trays and lowered to the bottom. The placement 
and retrieval of these samples may require the use of divers 
supplied by OCSEAP. Additional studies using aquaria are also 
contemplated. 

The selection of sampling sites will be made in coordination 
with Dennis Lees (RU #417) and James Blackburn (RU #512). From the 
information that they have accumulated, it will be possible to 
select sites where the detrital food web is of particular importance 
in the biological energetics of Cook Inlet. The data collected 
during our studies can then be used as a basis for designing the 
integrated studies which are planned for FY 80. 

The sites that will be selected in Kachemak Bay will be representative 
of the most dominant ecosystems within the Cook Inlet bays. More 
specifically, we will study a site with freshwater influence and at 
least two sites with different sediment types as well as sites with 
contrasting levels of microbial activity. To date, we have not 
seen statistically significant seasonal differences in the variables 
that we have been monitoring in the marine sediments of the Cook 
Inlet; however, this does not mean that seasonal changes in microbial 
function do not occur. We plan to conduct seasonal studies in all 
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the sites that are selected for this study. The ability to repeatedly 
sample the same sediment and the larger number of variables that we 
are able to monitor in this new series of studies makes it much 
more likely that seasonal variations will be observed if indeed 
they do occur. 

.D. Sampling Methods: 

1. Beaufort Sea 

We will retrieve the plexiglass trays containing oil-sediment 
mixtures on three occasions during this contract period. The 
sediment samples will be retrieved using divers as we have done in 
the past. 

2. Norton Sound 

We will collect water samples using the Niskin sterile bag 
water samplers that we have used in the past. Sediment samples 
will be taken using a Haps corer or small box corer. Unfortunately, 
we do not have such a sampling device available to us at this time. 
In the past, we have had to use either a VanVeen sampler or Shipak 
sampler which is standard equipment on NOAA ships or have taken 
samples using more appropriate samplers provided by other Pis. The 
VanVeen and Shipak samplers are not satisfactory for our work. It 
is our understanding that NOAA will provide a small box corer which 
may be used by the microbiologists. This sampler should be small 
enough to be deployed on the winch which is to be placed on the 
small boat to be used in Kachemak Bay. 

During the Norton Sound cruise, a minimum of 30 stations will 
be occupied in a grid which will cover representative areas in 
regions within and outside of natural oil seeps. Samples of surface 
water and sediment will be taken at each station. Repeated samplings 
at several locations will provide information on local variability. 

3. Cook Inlet 

1. The sampling methods that we have used in the past cruises 
in Cook Inlet will be continued during the proposed Upper Cook 
Inlet cruise. We will collect samples along with the chemists so 
that the best possible correlation of data can be achieved. Also a 
sampling pattern with approximately the same density as that used 
in the Lower Cook Inlet will be used in the Upper Cook Inlet. 

2. Samples will be collected during three, two to three week 
field trips to the laboratory at Kasitsna Bay. Both sediment and 
water samples will be taken from a small boat provided by OCSEAP 
fitted with a suitable sediment sampling device. Initially, one 
major site will be studied while techniques are refined and preliminary 
observations are made. After the data from the first field trip 
are analyzed, three or more major sites will be studied during 
subsequent field trips. The location of the sampling sites will be 
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dependent on logistical considerations and the potential importance 
of the sites as areas where the detrital food chains are particularly 
active. 

During this funding period, preliminary experiments will be 
established which will be designed to determine what changes occur 
in sediments that have been exposed to crude oil or weathered oil 
components. The sediment will be removed at the first study site 
and a portion mixed with crude oil. These samples along with 
controls will be placed into trays and submerged similar to those 
used in the Elson Lagoon study in the Beaufort Sea. At various 
intervals, these trays will be retrieved either by divers or with a 
line attached to a buoy. Subsamples will be retrieved which will 
be analyzed for any chemical, physical or biological changes that 
might have occurred. 

Benthic organisms will be collected in Kachemak Bay using a 
small otter or other suitable trawl. The guts of these organisms 
will be analyzed for nitrogen fixation rates. 

At this time the methodologies are not established for many 
of the observations that we plan to make but the same. general experi
mental procedures will probably be followed at each sample site. 
A sample site will be selected from those which should give us the 
most representative sample possible. A sediment will be sampled 
using a small grab device to determine if the desired sediment is 
present. If the site looks good, the spot will be marked with a 
buoy. A water sample will be taken on which measurements such as 
those that we have routinely made in the past will be conducted. 
Sediment samples will be taken with a small bax or Haps corer. Sub
,cores will be taken from this· sample to be used for the studies of 
changes_ in COz, Oz and'methane production. Subsamples will also be 
taken'for the determination of Eh, pH, NH3 and N03 in th~ field and 
~03, -No2 ~ NH3, P04, TON and TOC determinations to be made at Oregon 
State University. Subsamples will also be t . .~.ken for nitrogen 
fixation, and denitrification rates and the rates of glucose and 
glutamic acid uptake and respiration. Since the,multi-concentration 
method for determining heterotrophic potential will be used, the 
calculated variables of Vmax• Tt, and Kt + Sn will be reported. 
Subsamples will also be taken for biomass determinations using epi
fluorescent microscopy and total energy charge as outlined below. 
These observations will be made at least twice during a given field 
study period. In addition to these studies, we will initiate 
a series of long-term studies on the effects of crude oil on microbial 
populations in marine sediments. This will be accomplished by placing 
crude oil augmented. sediment samples in plastic trays similar to that 
currently being used in the Beaufort Sea experiments. These trays 
will be placed in the same location that the sediment samples were 
originally collected. During the subsequent field study periods, 
these trays will be removed and subsamples taken from them for analysis. 
Acute effects of crude oil on nitrogen fixation, denitrification, 
respiration, substrate uptake and cropping rates will be made on all 
sediment samples collected. 
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B. Analytical Methods 

1. Relative microbial activity 

The same methods that have been used in the past will be 
continued. In the Cook Inlet laboratory studies, the multiconcentration 
Wright-Hobbie method will be used as we have done in the past NOAA 
studies. Only those samples with a correlation coefficient at 0.8 
or better will be reported. 

2. Biomass determinations 

a. Direct bacterial counts will be made using epifluorescent 
microscopy. Sample preparation will be made using the technique 
described by Watson et. al. (197 7, Appl. Environ. Microbial. 
33:940-946). All other factors used in these determinations will 
be the same as those used in the past. 

b. Direct protozoan counts will be made using light phase microscopy. 

c. Protozoan concentrations will also be made using standard MPN 
determinations. 

d. Total adenylate pools in sediments will also be measured. The 
methods used to extract the adenylates from sediments as well as 
the procedures used to assay ATP, ADP, and AMP concentrations have 
been discussed at length in our current quarterly report, Briefly 
the procedures used are as follows: the adenylates are extracted 
with acid using a modification of a method described by Karl and 
LaRock (1975, J. Fish. Res. Board Can. 32:599-607). TWo internal 
standards are used for each sample, a known concentration of ATP 
and live bacterial cells from a pure culture with a known ATP 
concentration. These are used to correct for the efficiency of ATP 
extraction from the cells and the efficiency of ATP extraction from 
the sediment. The assay procedure itself is a modification of that 
described by Pradet (1967, Physiol. Veg. 5:209-221). Preliminary 
measurements will be made on a scintillation counter until we 
receive the ATP photometer that we have requested in our FY78 
supplemental budget request. 

We have recommended that these measurements be made because 
they can reflect subtile changes in the physiology of marine bacteria. 
This approach was used in a recent study entitled "Use of the 
adenylate energy charge ratio to measure growth state of natural 
microbial communities" reported by Wiebe and Bancroft (P.N.A.S. 
USA, 72:2112-2115). We have already documented a reduction in the 
uptake of glucose in natural marine microbial populations which are 
exposed to crude oil. 

When bacteria are "healthy", that is they are actively growing 
and metabolizing, the energy charge is relatively high. In contrast 
to this condition, cells that are relatively dormant tend to have 
much lower energy charge ratios, This is just another index of the 
physiological state of a given population at a given time and it could 
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be a valuable tool in monitoring the effects of crude oil or petroleum 
products on microbial populations. Furthermore, it may give us 
an index of the bacterial productivity--a problem not yet experimentally 
addressed by marine microbiologists. 

3. Analysis Gf chemical and physical variables 

a. During the cruises, temperature and salinity data will be 
taken from CTD measurements made by the ship. During the field 
studies, salinities will be measured using a portable Yellow Springs 
salinometer as we have done in the past or with an Orion specific 
ion electrode for sodium. 

b. The pH and the redox potential of sediment samples will be 
made using the appropriate electrodes which will be standardized 
against a known 0-R solution. 

We have observed pH differences in sediment samples that we 
have analyzed in the past. We suspect that there is a correlation 
between this and both ~ell growth and Eh but we have not made 
enough observations to come to any conclusions at this time. The 
Eh of a sample will give some information about the types of microbial 
mediated r_eactions that we would expect to find in a given sample. 

c. Analyses of NH3 , N02 , N0
3 

and P0
4 

will be made on all water 
and sediment samples collected by both ourselves and Dr. Atlas (RU 
29) as they have been made in the past. The techniques used are 
outlined in our current quarterly report. 

The analysis of NH3, N02, and N03 will be made to determine 
what if any .reactions in the nitrogen cycle are effected by crude 
oil under long-term exposure. To date, we have not found any 
significant differences in nitrogen fixation rates in sediment 
samples that had been exposed to crude oil as compared to untreated 
samples; however, these were relatively short term experiments. 
Analysis of these nitrogen species, will be useful in estimating 
the long-term effects of crude oil on all phases of the nitrogen 
cycle. 

Whenever one studies any natural microbial system, it is 
important to learn what factor might be growth limiting to a given 
population. The availability of both fixed nitrogen and phosphate 
are potential limiting factors in any microbial system and are 
therefore measured. 

d. Field determinations of NH3 in sediments collected in Kachemak 
Bay will be made using an Orion specific ion electrode designed for 
·this purpose. 

e. Changes in 02 , co2 and methane in sediments will be made using 
a gas chromatograph fitted with the thermal conductivity detector 
requested in our FY78 supplemental budget request. 
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Changes in Oz and co2 can be used to determine metabolic rates 
on sediment samples which are relatively undisturbed. The presence 
of methane will tell us somethimg about the availability of Oz 
within the sample as well as the types of microbial activity that 
are taking place within a given sample. 

4. Nitrogen fixation and denitrification. 

a. Nitrogen fixation rates will be determined as previously 
described. Denitrification rates in Kachemak Bay sediment samples 
will be made using the acetylene blocking technique described by 
Balderston et. al. (1976, Appl. Environ. Microbial. 31:504-508). 
The end product in this assay is nitrous oxide, This compound can 
be detected at relatively high concentrations using a gas chromatograph 
fitted with a thermal conductivity detector. The concentrations 
that we are most. likely to encounter in this study, however, will 
require an electron capture detector which is very sensitive to 
nitrous oxide. This is the reason for the request for this detector 
in the current proposal. 

b. The concentration of nitrogen fixing bacteria found in the 
sediments of Kachemak Bay will be determined using the same plate 
count procedures that have been previously described. 

5. Bacterial-protozoan interactions 

The methodology required to study bacterial-protozoan interactions 
in marine sediments are not well standardized since very little 
work has been done in this field. Regardless of the experimental 
design, there is a requirement to separate these two populations 
either physically or functionally. There are two methods that are 
most promising. One is a discontinuous, two phase density gradient 
centrifugation technique (Berk et. al., 1976, Appl. Environ. Microbial. 
31:450-452). The other procedure separates these two populations 
by filtration fractionation. At this time, we do not know which of 
these procedures will be most appropriate for this study. We plan 
to initiate a pilot study using Yaquina Bay, Oregon sediment to 
determine which approach will be the most useful. 

Attempts have also been made to isolate these two populations 
by using antibiotics and specific inhibitors (Fallon and Pfaender, 
1976, Appl. Environ, Microbial. 31:959-968). Unfortunately, this 
approach is of very limited value because there are currently no 
inhibitors known which will completely inhibit all functions in 
one group without altering function in the other. There are points 
in this study where the use of inhibitors may be of value. During 
this funding period, we will initiate a pilot study which will help 
us evaluate this alternative. 

The use of 14c labeled tracers is a well established method of 
estimating feeding rates (Lee et. al., 1966. J. Protozoal. 13:657-
670). One approach that we anticipate using is one in which sediment 
samples are amended with labeled bacteria and then the rate of 14c 
incorporation into protozoan biomass is measured. Another approach 
that we will evaluate is the addition of a labeled compound to 
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sediment that will be taken up by the bacteria but not by the 
protozoa. We will then follow the uptake of this tracer into 
protozoa. 

Once these techniques have been thoroughly evaluated, the 
effects of crude oil and/or weathered crude oil components on the 
conversion of bacted:al biomass to higher trophic levels can be 
measured. 

The techniques that we will be using will not require intercomparison 
with those used by other investigators; however, we will use standard 
methods for calibrating our own equipment and we will use the 
necessary controls to insure the validity of our observations. 

6. Statistical analysis 

As with any other similar study, only a given number of measurements 
can be made with the resources available. One must thus determine 
which is the best balance between making a sufficient number of 
identical obs'ervations ·On a given sample to produce a reasonably 
accurate value yet not make· so ma'!ly observations that too few samples 
are analyzed. As a rule, if the variation between two observations 
is usually less than 10%, duplicate 'measurements are made. If the 
·experimental error is larger than that, triplicate observations are 
made. When two groups of data are compared, we try to obtain at 
least 10 measurements. The comparisons are made using Students "t" 
test to determine ·if there is a significant difference at the P 
0.05 level. In' our narrative reports, we will report the mean 
value along. with the number of observations and standard deviation. 
This information is all that is required for future statistical 
analysis that might be used on these data. 

VII. Deliverable products: 

A. Digital data 

1. We will continue to submit our digital data on cards to Dr. 
Krickevsky (RU lis 311 and 391). These data will be incorporated 
into the NIH data base to be placed into a compatable format with 
the data submitted by Dr. Atlas (RU #29). This will facilitate the 
direct comparison of all microbiological data generated thus far in 
the program. 

2. We will continue submitting our cruise data in digital form. 
In this case, it is desirable to place routine data into the 
computer system because these data include relatively few observations 
on a large number of samples. We do not, however~ plan to submit 
the data collected at Elson Lagoon, Beaufort Sea nor the data 
collected in the initial stages of the detrital food web study in 
this format. The reasons for this are that during these studies we 
will be making a large number of different observations on a relatively 
limited number of samples and that the type of observations made 
will probably change as the study progresses. 
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3. The following digital data products in the standard format 
will be reported on station locations sampled during the cruises 
relative microbial activity, respiration ratios, rates of nitrogen 
fixation in sediments, and the standard nutrient variables that we 
have reported in the past. 

4. Please note: During this fundi~g period, .the only data that will 
be reported in digital form (computer format) will be the data collected 
during the two proposed cruises. 

B. Narrative reports 

As we have done in the past, our narrative reports will include 
information of the. general state of knowledge, methodology, results 
and conclusions. These reports will include all data collected in 
the field and the results of all laboratory studies. These· data 
will include all of the digital data mentioned above as well as 
such measurements as bacterial biomass, protozoan biomass,'bacterial 
cropping rates, rates of nitrogen fixation and denitrification in 
sediments and.in the guts of selected animals, and physiochemical 
measurements made on the sediment sampl~s collected·during our 
detrital food web studies. An analysis of the effects of crude oil 

.will also be made on the above mentioned variables. In addition, 
measurements of crude.oil biodegradation potentials will be made on 
all sediment samples collected. 

Where appropriate, data will be presented in graph form to 
determine if any seasonal.variations have been observed and to 
illustrate any correlations between variables that have been noted. 

No special narrative reports other than routine quarterly and 
annual reports are anticipated, 

c. Visual data 

Visual data will be presented in the narrative reports (see 
above). In addition, Transparent Mylar film overlays will be 
submitted of data presented in chart form in the narrative reports. 

D. Other (none) 

E. Data-products and da~a submission schedule (see attached 
sheets). 

VIII. Special Sample and Voucher Archival Plans 

Does not apply to our study 

IX. Logistics Requirements 

1. See attached sheets for logistics requirements for the cruises 
and for the crude oil degradation study in Elson Lagoon; 
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2. The logistics requirements for the detrital food web study to 
be conducted at the field station at Kasitsna Bay are unique enough 
that they do not fit easily into the format provided in the logistics 
forms. We are therefore describing these requirements in this 
section. Many of the potential logistics problems associated with 
this study are de~cribed in section X. 

3. Laboratory requirements 

a. Living accommodations for up to two persons from our group. 

b. The laboratory should be equipped with a hood, hot and cold 
running fresh water, standard line current, and a minimum of 20 
feet of bench space with adequate under-counter storage, 

c. The laboratory should also be equipped with at least one low 
temperature incubator, one freezer, a refrigerated centrifuge, 
water bath, spectrometer, balances, two-15 gallon aquaria, and 
water deionizer or still. It would be very helpful to have the 
following equipment available; scintillation counter, epiflourescent 
microscope, gas chromatograph, and a minicomputer. 

d. The following equipment could be provided by us for our use at 
this laboratory; autoclave, ATP photometer. vacuum pump, rotary 
shaker, Millipore filtration system, water samplers, specific ion 
probes and analyzer, miscellaneous glassware, and chemicals, This 
equipment could be transported to and from the field as required for 
our use if it is not made available to us at the field laboratory. 

e. In this proposal, we have not included any funds for trans
portation between Homer and the field laboratory. It is assumed 
that OCSEAP will provide a suitable sampling platform and will 
cover all costs in it•s operation. 

f. As mentioned under section X, we will require a suitable 
sampling platform for our work in the detrital food web study. We 
will also require a sediment sampling device which will take undisturbed 
sediment samples for microbiological study. The small boat which 
is to be used at the Kasitsna Bay laboratory should have a large 
enough winch to handle the above mentioned sampling device. It is 
our understanding that during this funding period, there will be no 
other PI associated with this project that will be collecting 
benthic organisms. As it stands now, we will have to collect our 
own animals for the nitrogen fixation studies, In order to accomplish 
this, we will require a small trawl that can be towed by the small 
boat. 

X. Anticipated Problems 

a. Logistical and equipment problems 

We do not anticipate any significant logistical problems 
associated with the Beaufort Sea work (assuming that NARL is still 
open), nor with the Norton Sound work. There could be some problems 
with the detrital food chain field work to be conducted in the 
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Kasitsna Bay laboratory. We will require a small boat which is 
capable of operating in relatively open waters without difficulty 
yet is fast enough to move personnel to and from the sampling sites 
with reasonable speed. This craft should be equipped with a winch 
which is capable of lifting 500 lbs and should be large enough to 
deploy a small box corer. If this type of craft is not available, 
work in this area will be very difficult. 

B. Experimental 

Many of the techniques that we anticipate using are relatively 
standard and we anticipate no particular problems in conducting the 
research as outlined above. The one exception to this however, is 
the study of bacterial-protozoan interactions. The potential 
problems involved in these studies are outlined in the "Analytical 
Methods" section. In order to obtain as much preliminary data as 
possible, we have requested funds for the necessary equipment in a 
supplimental request for funds on the FY78 budget. It is our 
intention to start work on these problems as soon as we receive the 
necessary funds for the equipment requested. We have also purposefully 
kept our field study commitents to a m1n1mum for the first few 
months of the contract period. By working in our laboratory at OSU 
on sediments taken from the Oregon coast, we will be able to work 
out the necess~ry techniques for field use in Alaskan waters. 

Unfortunately as of 9/6/78, we have not received the supplemental 
funds that were requested in April of this year. We made that request 
hoping that even with the lag time inherent in the purchasing 
system, we would receive this equipment during the month of July. 
Even if we receive these funds tomorrow, we will not have the 
equipment in our hands for approximately two more months with 
delivery sometime in mid-November. As a result, we will not have 
enough time to check out all of our techniques before our first 
scheduled field trip to the Kasitsna Bay lab. In short, due to the 
lag time involved in receiving this equipment, our program is 2-3 
months behind where it should be at this time. 

Information required from other investigators 

For our study of the Norton Sound area, any information that we can 
acquire ,concerning the currents and hydrography, light hydrocarbon 
content of the waters and sediment in the area would be very helpful. 
In addition, we will require information about the location of known 
natural oil seeps in the Norton Sound. As in the past, we will require 
temperature, salinity, sample location~ water depth and tide state data 
from the ship. 

For the detrital food chain study in Cook Inlet, we will require 
any information generated by others concerning all potential inputs 
into the detrital food chain. This would include such data as particulate 
and disolved organic carbon from freshwater runoff, and all primary 
productivity data. Also any data that might be available on secondary 
productivity on all trophic levels would be helpful. 
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Throughout this study, we have been working closely with Dr. Atlas 
and his associates. We are continually comparing their data with ours 
and we will continue to do so in the future. 

The tech~iques that we will be using will not require intercomparisons; 
however, we will use standard methods for calibrating our own equipment 
and we will run the necessary controls to insure the validity of our 
observations. 

XII. Milestone Chart (see attached form) 

XIII. Outlook: 

A. Overview 

The following ultimate goals should eventually be realized 
to insure that sufficient information about crude oil-microbial 
interactions are available as a data base from which informed 
managerial decisions can be made. 

1. Data on the rates of key microbial reactions in water and 
sediments should be available for all areas within the major lease 
sites which have been identified as critical areas. These critical 
areas are those which have been identified as being unusually 
subject tq impact by crude oil production by marine biologists. 
Since the normal function of bacteria is critical either directly 
or indirectly to biological processes at all trophic levels, this 
information must be made available to management so that the long 
term impact on all organisms~ including those of commercial value, 
can be properly assessed. 

2. A better understanding of the effects of crude oil on specific 
microbial function should be obtained· before the potential impact 
of crude oil perturbation can be fully understood. These studies 
should also include measurements on the effects of any dispersants 
which might be used in the event of an oil spill in any of the 
proposed lease areas •. It is quite possible that the perturbations 
made by crude oil and dispersants together may be much greater than 
either one of these alone. Both the short and long term effects 
should be considered since certain effects may not be noted.until 
there has been an extended exposure period. This is of particular 
importance in marine sediment-microbial functions. The microbial 
functions which are of primary importance are; microbial involvement 
in the entire nitrogen cycle, heterogrophic activity of bacteria 
utilizing dissolved nutrients and microbial function involved in 
the conversion of detrital particles to a usable food source for 
higher trophic levels. 

3. The estimation of in situ crude oil biodegradation rates is 
another area which needs-to be explored further. Dr. Atlas and his 
associates (RU 29,30) are expending a greater share of their total 
effort on. this problem so that a better assessment of potential 
biodegradation rates can be made. We on the other hand, are expending 
a larger share of our research effort s.tudying the effects of crude 
oil on microbial processes, especially those associated with the 
detrital food web. 
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B. Results and data products 

1. The study of new lease areas will provide information concerning 
both the temporal and spacial patterns of microbial activity. Once 
this information is collected, it can be used to assist in defining 
which regions are most likely to be impacted by crude oil dev~lopment. 
The data products from these studies will be essentially the same 
as those provided in the past subject to modification as more 
information and better techniques become available·. 

2. The site specific studies of microbial function in the detrital 
food web will provide information about the role of microorganisms 
in converting det'ritus into usable food for other trophic levels. 
During FY79, the initial observations of microbial function in 
selected Kachemak Bay sites will be completed. At the end of this 
time, the methodology should be perfected to make the desired 
measurements, and key functions "should be identified. During 
FY80, this study should be expanded to look at representative sites 
in other locations in Cook Inlet. This study" "should also be expanded 
to include in situ studies of the effects of crude oil on these 
processes using oil contaminated sediments •. At the end of FY80, 
the effects of crude oil on key microbial functions should be more 
clearly understood. It will take an additional year before the 
long term effects of crude oil on microbial function in key Cook 
Inlet sites will be assessed with a reasonable degree of certainty. 

B. See above 

C. Cost by fiscal year 

The cost should be approximately the same as that proposed in 
this contract with adjustments for inflation if we do not have to 
increase our field work associated with the study of new lease 
sites. If additional demands are placed on us to conduct field 
studies in excess of this effort, we will require funds for an 
additional technician (approximately 16K) and additional funds for 
travel and consumable supplies. 

D. Location of future field efforts 

See above 

E. Logistics requirements 

Our logistics requirements will remain at about the same level 
and kind that will be required during this funding period provided 
that no additional sampling sites are studied. However, if, as we 
anticipate, several different sampling areas are studied in the 
detrital food web program, we will then require additional logistic 
support. Since we make our measurements on samples within a few 
hours of when they are collected, we will either require a suitable 
laboratory on location (either a land s~ation or small ship) or we 
will need an aircraft which will be able to transport our samples 
to a land based laboratory. · 
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XIV. A. Updated milestone charts will be submitted quarterly. A 
schedule for processing and analysis of past year's data will be 
submitted the Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate Project 
Office during the contract year to be in OCSEAP hands by the first 
day of January, July, and October. Annual Reports are due by April 
1. The Final Report will be submitted within 90 days of the expiration 
of the contract. 

C. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be preserved, 
labeled, held, and shipped to an official OCSEAP designated repository 
in conformity with OCSEAP voucher specimen policy. Vouchering will 
include life history stages (e.g., larvae, juveniles, adults) when 
these are studied, and sexes where these are morphologically 
distinguishable. 

D. At the optin of OCSEAP, the Pis are prepared to travel to the 
Project Office at least twice during the contract year to review 
project status and progress. Such review will be scheduled on 
dates mutually satisfactory to both parties. In addition, the PI 
may be requested to participate in program review or synthesis 
meetings as required. It is understood that costs of the travel 
and per .diem for these trips will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager 
in the form and format specified in Deliverable Products Section 
VII, A through E. Digital data submissions will be accompanied by 
a DATA Documentation Form (NOAA Form 24-13). 

F. Digital Data will be submitted to the Project Data Manager 
within 120 days of the completion of a cruise or three month data 
collection period, unless a written waiver has been received from 
the Project Office. The NODC Taxonomic Code is to be used for 
biological data subm{ssions. 

G. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form (NOAA For 
24-23) will be submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract expiration. 
All new equipment purchased will be reported quarterly and the 
inventory will be done annually. The PI will maintain inventories 
of all expendable and non-expendable equipment purchased with OCSEAP 
funds. Information will be recorded on Form CD-281, "Report of 
Government Property in Possession of Contractor", (copy attached). 
Updated copies of these inventories will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds, will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release, for information and for 
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forwarding to BLM. The release of such material within a period 
of less than sixth days will be made only with prior written consent of 
the Project Office. News releases will first be cleared with the appropriate 
Project Office. Five copies of all reprints which pertain to technical 
or·scientific material developed under OCSEAP funds will be submitted to 
the appropriate Project Office when they become available. 

J. All publications and presentations of material developed under 
OCSEAP funds will acknolwedge BLM/OCSEAP sponsorship. The following 
acknowledgement is standard: 

"This study was supported by the Bureau of Land Management 
through interagency agreement with the National Oceanic and Atmospheric 
Administration, under which a multi-year program responding to 
needs of petroleum development of the Alaskan Continental shelf 
is managed by the Outer Continental Shelf Environmental Assessment 
Program (OCSEAP) Office," 
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l-fiLESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU fl --::.1£.:.90~-- PI: Griffiths/Morita 

Major Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

MAJOR MILESTONES 

Quarterly reports 

Annual report 

Cruise in Upper Cook Inlet 

Cruise in Norton Sound 

Sampling of trays in Elson Lagoon 

1978 
0 N D 

X 

Field studies for detritus food web studies 

Complete data analysis of cruise data 

1979 
J F M A M J J A S 0 N D 

X X 

X 

X 

X 

X X X 

X X X 
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LOGISTICS REQUIREHENTS NORTON SOUNTI AND l;JPPER COOK INLET 

Please fill in all spaces 6r indicate not applicable (N/A). Use additional 
sheets as necessary. Budget line items concerning logistics should'he keyed 
to the relevant item described on these forms. 

INSTHUTION QrJ;!gQD. State Iniursit:J PRINCIPAL INVESTIGATOR Gri ffj t.Jls/Mm1 t.a 

A. SHIP SUPPORT 

1. Delineate proposed tracks and/or sampling grids, by leg, on a char.t of the area. 
Include a list of proposed station geographic positions. · 

See attached sheet. 

2. Describe types of observations to be made on tracks and/or at each grip st~tion. 
Include a description ofshipb,oard sampling operations. ne as specific and com
prehensive as possible. 

·See attached sheet 

3. iVhat is. the optimum time chronology of observations on a leg and seasonal basis 
and \oJhat is the maximum allot·mble departu;re from these optimum times? (Key to 
chart prepared under Item 1 when necessary for clarification.) 

Norton Sound. , Hay, 1979 Uppe.r .Cook Inlet, May, 1979 

4. How many sea days are required !or each leg? (Assume vessel cruising speed of 
14 knots for NOAA vessels. Do not include running time from port to beginning 
point and from end point to port and do not include a >.;eather factor.) 

14 working days 

5. Do you consider your investigation to be· the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? We '-'11 be working 

with Dr. Atlas (RU 29) taking subsamples from the same samples. We could coordinate 
App~~!m9~!;SKR~~y vessel hours per day will be required for your observat*ons 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processing time bett11een stations. We require approximately l hr. 

per station of wire time. We can sample arcnmd the clock but we can not normally 

process more thin 8 stat1ons d~ng a 24 hour periOd. 
6. Uhat equipment and personnel would you expect the-ship to pr.ovide? 

See attached sheet 

7. \.Jhat is the approximate \·might .and yolume of equipment you Hill bring? 
500 lbs, 250 cu ft 

8. Will your .d~t~ or equipment require special handling? yes If yes, please 
describe. Much of your equipment is fragUe. 'de will have sampl~s that will 

require refrigeration or freezing •. We normally need 5 cu ft of freezer 
apace and ? cu ft of refrigerator space. 
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Lll. you ~equirc any gases and/or chemicals? yea If yes, they should be on 
1.:\rd the ship prior to depar e from Seattle or time allow for. shipment by 
tq~c. 

6-CO~ cylinders for dry ice ma.ld..Dg. 

, you have a ship preference, either NOAA or non-NOAA? If "yes", please name the 
~ssel and give the reason for· so specifying. We have sucessfully worked off the MUler 

Freeman, Surveyor, and Discoverer. Of these NOAA vessels, we have found the M:Ul.er 
Freeman to be the best suited for our purposes. 

you recommend the use of a non-NOAA vessel, what is the per sea day charter 
•s t and have you. verified its availability? . 

NA 

1'<1 many peeple must you have on board for each leg? Include a list of partici
mts, specifically identifying any who are foreign nationals. 

2 persons - no foreign nationals 
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SUPPLEMENTAL INFORMATION ON LOGISTICS REQUIREMENTS FOR 

NORTON SOUND AND UPPER COOK INLET CRUISES 

A. SHIP SUPPORT 

1. We will occupy approximately 15 stations during the Upper Cook 
Inlet cruise as well as any time stations that are occupied by the 
chemists. Since the Norton Sound cruise is not scheduled for 
another year, it is too early to give a detailed cruise plan at 
this tims. Information collected by other Pis between now and next 
spring will quite possibly influence our sampling strategy during 
this cruise. In general terms, we will take samples at a minimum 
of 30 stations which will give us a good comparison between areas 
that contain known natural seeps and those that do not. 

2. Water and sediment samples will be taken at all stations using a 
Niskin sterile bag water sampler and a sediment sampling device 
provided by NOAA. In addition, we will want to collect benthic 
organisms to analyze nitrogen fixation rates in gut samples. For 
this purpose, we will require a bottom trawl provided by NOAA. 
We will routinely require the following information from the ship; 
sample site location, water temperature and salinity at the surface 
and just above the bottom, water column depth, and tidal state. 

In the past, only VanVeen and Shipak bottom grab samplers 
have been available to us using the ship's equipment. These 
samplers are no longer adequate for the type of sampling that we 
require. We have requested funds for a small box corer for microbiological 
field work conducted on NOAA ships and for use at the Kachemak Bay 
laboratory. 

3. We will require assistance from the ship's crew in obtaining 
sediment samples and benthic organisms. We will also need assistance 
in obtaining the data that is mentioned above. We will require the 
above mentioned sampling equipment and both refrigerator and freezer 
space. 

455 

I 'l 
I.! 
, I 
I! 

! i 
i 

I· 
I' 

l 
I• 

il 
' ' 



''il 
':: 
! ! I 

',. 
' .,, 

Renewal Proposal 

to 

Date: 6/28/78 
Contract: 03-5-022-56 
Task Order: 1!8 
R. U • No . : 194 
Proposal No.: OCS 79-6 

National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental Assessment Program 

, Boulder, Colorado 80302 
Juneau Project Office 

NORBIDITY AND MORTALITY OF MARINE MAMMALS 

University 
Fairbanks, Alaska 
(907) 479-7026 

A.·~ 
Administrative Services 
University of Alaska 
Fairbanks, Alaska 
(907) 479-7340 

\ '.' 

' R.U, No.: 
Total Cost: 

Lease Areas: 

194 
$50,198 
Kodiak 60%· 

. L.C.I. 20% 
NEGOA 20% 

. Institute of Arctfc Biology 
University of Alaska 

Fairbanks; Alaska 99701 
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I. Title: 

Morbidity and Mortality of Marine Mammals 
Research Unit #197 

II. Principal Investigator: III. Cost of Proposal 
(by federal fiscal year) 

Francis H. Fay A. Science $50,198· 
B. Logistics (not 

included in re-
quest) 5,400 

c. Total $50,198 
D. Distribution: 

Kodiak 60% 
Lower Cook Inlet 20% 
NE Gulf of Alaska 20% 

IV. Background: 

The natural balance of marine mammal populations is a function of complementary 
birth and death rates. ·The productivity of Alaskan marine mammal populations has 
been under study for more than 20 years, but the causes of illness and death 
have received little attention until now. This project has been concerned with 
investigation of the natural causes of morbidity and mortality in marine 
mammals of the eastern Bering Sea and South Central Alaskan oil lease areas, 
with emphasis on determination of the kinds of incidences of pathological con
ditions, identification of the causative agents, and estimation of the potential 
effects of future stresses brought to bear by offshore oil exploration and 
development. In the study proposed here, that work would be continued in 
Lower Cook Inlet, Kodiak and Northeast Gulf of Alaska lease areas. 

Field work will involve necropsy of marine mammal specimens taken in connection 
with one other OCSEAP project (R.U. #243). It will include also surveys of 
and post mortem examinations of beached carcasses of marine mammals. 

v. Objectives: 

A. Determine the normal rate of occurrence (by species, sex, and age) 
of stranded marine mammals along selected protions of the coast 
in Lower Cook Inlet, Kodiak, and the Gulf of Alaska. 

B. Determine the pathological conditions and agents that cause or 
contribute to the moribund condition or death of stranded animals. 

c. Determine the annual variation in kinds and frequency of occurrences of 
the pathological agents that cause or contribute to moribund con
ditions or death of marine mammals. 

The relevance of these objectives to an environmental assessment of the 
Alaskan Continental Shelf lies mainly in their providing baseline 
information on (1) the current state of health of marine mammal popu
lations and (2) the current rate of occurrence and causes of death of 
beach carcasses, prior to large scale petroleum development. 
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VI. Strategy and Approach: 

The main effort in FY '79 will be directed toward completing the analysis of 
materials and data collected in previous years from the Bering Sea, Gulf of 
Alaska and Cook Inlet. New field work will be limited to opportunistic 
surveys of beach dead carcasses in the Kodiak, Cook Inlet, and NEGOA lease 
areas, as logistic support is available, and to autopsy of a few additional 
specimens taken in connection with R.U. #243 (Calkins). The purpose of the 
latter will be to identify the cause(s) of premature births in Steller sea 
lion populations of the Gulf of Alaska. 

A. Sampling Methods: 

B. 

Non-selective sampling of living populations will be completed in. 
FY '78. Further sampling of sea lions in FY '79 will be selective 
of animals identified as having recently aborted a fetus. Insofar 
as possible, surveys of beach dead and moribund animals will be 
replicates of areas and at times comparable to previous surveys. 

Beached carcasses and newly collected animals will be autopsied by 
standard methods, with examination of all organs and systems, 
descriptive notation of gross lesions, preservation of representative 
normal and pathological tissues in 10% buffered formalin, swabs of 
suspected microbiological infections in Amies transport medium stored 
at 4°C and in viral transport medium stored at -10°C or lower, 
scrapings of suspected mycotic infections innoculated directly into 
Savouraud's agar, and other preparations as appropriate for special 
agents, such as Leptospira. Tissue samples will be taken for hydro
carbon, pestic~~~. and heavy metals assessment and stored frozen. 
In fresh specimens, blood will be drawn from the intervertebral 
venous sinus immediately after death, centrifuged, and the serum 
stored at -10°C or lower. 

Beached carcass surveys via helicopter at 100-150 ft., with beach 
landings for closer examination were feasible. Locations of 
specimens marked on charts directly. 

Analytical Methods: 

Most of the histopathology of tissues will be done by Department of 
Pathology, The Johns Hopkins Medical School; microbiological cultures 
by the Alaska Department of Health and Social Services; parasites 
identified by various specialists; serology by ADHSS and Naval 
Biosciences Laboratory. Species and sex of animals determined at 
autopsy; age from sagittal thin sections of teeth. 

VII. Deliverable Products: 

A. Digital Data: 

Surveys of beach dead and moribund mammals will be submitted in OCSEAP 
Format 027 - Mammal Sighting 01. Pathological information will be 
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submitted to Juneau Project Office in tabular form, using the 
Morbidity and Mortality Code. 

B. Narrative Reports: 

Narative reports describing the distribution of stranded dead 
and moribund animals along selected sections of the Alaskan coast, 
the type of pathogenic activity that caused or contributed to the 
moribund condition or death of stranded animals, and the annual 
variation in mortality and incidence of selected pathogenic agents 
in natural populations of marine mammals. 

C. Visual Data: 

1. Maps showing the location of stranded marine mammals. 

2. Charts showing probable carcass drift trajectories. 

3. As appropriate, figures or tables illustrating: 

a. The occurrence and frequency of pathogenic agents in 
selected species. 

b. The annual variation in the occurrence of pathogenic 
agents for selected species. 

D. Other: 

N/A 

E. List of Data Products and Data Submission Schedule: 

See attached Data Products Schedule. 

VIII. Special Sample and Voucher Specimen Archival Plans: 

Voucheer specimens of normal and pathological tissue sections on 2.5 x 7.5 
em microscope slides (glass) presently stored in appropriate containers in 
Room 209, Arctic Health Building, University of Alaska-Fairbanks, at no 
cost. Total number of slides at termination of project likely to be about 
2,000, storable in containers occupying about 35 x 40 x 50 em. at 
temperatures not exceeding 30°C. 

IX. Logistics Requirements: 

See attached forms. NOAA helicopter support requested for one beach 
survey each in LCI and Kodiak areas, with third survey combined with 
collecting trip via PI chartered helicopter in NEGOA. Other surveys 
and/or collections may be done where logistic support is available in 
connection with other projects. 

X. Anticipated Problems: 

None. 

459 



~------------------------.......................................... . 
'· 

'··' 

I I 

I 

, I,. 
1:1(' 
1-'1'· 
II' l ,, 

' I 
H 

I 

L 

XI. Information Required from Other Investigators: 

Charts or overlays, showing route covered and mammal carcases sighted, 
along coastal areas of LCI, NEGOA, and Kodiak areas, in relation to 
date, time, aircraft type, speed, and .elevation. Such data are currently 
being supplied by Arneson (R.U. #3), Wahl and Sanger (R.U. #341), for 
LCI and NEGOA, and various ADF&G contacts in these and the Kodiak area. 

XII. Milestone Chart: 

See attached.-

XIII. Outlook: 

Approximately 30K needed in FY '80 to complete preparation of final report. 

XIV. Contractual Statements: 

1. A schedule for data submission for each task order has been, and 
will continue to be, submitted and updated each quarter. 

2. This statement is in accordance with our base contract, and we will 
continue to comply. 

3. See section VIII of this proposal. The University of Alaska will 
continue to negotiate a Voucher Specimen Policy with NOAA/OCS. We 
will comply with the then agreed to policy. 

4. The University of Alaska agrees that the Principal Investigators can 
travel to the Project Office at least twice during the contract year, 
provided that such travel is in accordance with University of Alaska 
travel policy and consistent with other University duties of the 
Principal Investigator. 

5. Dat? will be provided in the form and format agreed to by the 
University of Alaska and NOAA/OCS in the negotiating of the Data 
Management Plan. 

6. As per Article 9 of the base contract, the University of Alaska 
agrees to the following: " .•• all archivable data is to be sub
mitted by the contractor to the Contract Data Manager within 120 
days after acquisition. Certain data sets such as plankton counts 
or volumes are not available until sorting of samples is complete. 
The data so-obtained are archivable 120 days following the actual 
soring or other laboratory procedure." 

7. Within 10 days of the completion of a cruise or data gathering effort, 
a ROSCOP data collection inventory form (NOAA 24-23) will be sub~ 
mitted to the Project Data Manager by the Chief Scientist. 

8. This is in accordance with the base contract with which we shall 
comply. 
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9. Three copies of all publications or presentation abstracts or 
manuscripts pertaining to technical or scientific material 
developed under OCSEAP funding will be submitted to the COTR 
sixty days prior to publication or presentation. Copies of 
all news releases mentioning OCS or using information gathered 
by OCS funding will. be sent to the COTR. 

10. The following acknowledgement of sponsorship will be used: 

"This study was supported under contract 03-5-022-56 
between the University of Alaska and NOAA, Department 
of Commerce through the Outer Continental Shelf En
vironmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Department 
of Interior." 
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DATA PRODUCTS SCHEDULE 

Data Type Media Estimated Processing and 
(i.e, Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, (Volume of format by Project Period Submission 
etc.) tapes, disks) processed.data) (If.known) (Yes or No) (Month/Year to Month/Year) (Month/Year) 

Beached Mammal 027 Yes April, July, August 79 June, Sept 
79 

Mammal Pathology Tables 500 entries 025 Yes 6/75- ~/79 12/78- 9. 

Narrative Reports NA 3' Quarterly, NA Yes 10/78- 9/79 Quarterly & 
1 Annual annual(March§ 

Beached Mammal Charts 15 NA Yes 6/75- 9/78 3/79 

Carcass Drift Charts 5 NA Yes Same Same .!>-
0'> 
N 

Pathological 
Conditions & 
Agents Tables 5 NA Yes 4/76- 9/78 FY80 

---------
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1. 

R.U.#194 

Delineate proposC!d transects and/or station s'cheme on a char.!: of the tJ:r.ca, 
(Note: If flights are for transport of personnel or equipment only from hase 
cC'tmps to field camps and visa· versa~ chart submission is not necessary hut: 
origin and destination points should be listed). 

_________ s_e_e_a_t_t_a_c_h_e_d __ c_h_a_r_t~s~C~oo~k~I~n=l=e~t_an~d~K=o~d=i=ak~-~T~u~g~i~d~ak~~<F~1~·g~s~·~~1~&2:)~-----------------------

2. Describe types of observations to be made. 

3. 

Survey and necropsy of beached mammal carcasses. 

l·lhat is the optimum time chronology of observations on a seasonal ha!ds and Hhat 
is the maximum allovable departure from thest; optisum times? 

, August ~ 1 month (Gook Inlet); preferably July in Kodiak-Tugidak area 

How many days of helicopter operations are required and hoH many flight hours 
per day? 

4 ·days, 6 hrs/day in Cook Inlet; as· available in Kodiak-Tugidak area (2 da, 4hr/da) 
Total flight hours? 

24 Cook; 8 Kodiak 

5. Hov many people are required on board for each flight (exclus:lve of the pilot)? 

Two 

6. l·]hat are the ,.,eights and dimensions of equipment or supplies to he. transported? 

30 lb maximum; 3x2x2 ft max. 

What type of helicopter· do you reommend for your operations and lvhy? 

Any·with above capacity. 

8. Do you recommend a particular source for the helicopter? If."yes", please name 
the source and the reason for your recommendation. 

NOAA 

9. \·!hat· is the per hour charter cost of the helicopter? 

10. \,'here do you rcommend that flights be staged from? 

Cook Inlet: Surveyor ~o Homer, Kenai, & Anchorage; Kodiak-Tugidak: Surveyor 

11. Will special nAvigation and communications be required? 

No 
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Fig. 1. Proposed survey area (cross-hatched) for beached marine 

mammals, Cook Inlet, in August FY7~ 
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Fig. 2. Proposed survey area (cross-hatched) for beached 

marine mammals, Kodiak-Tugidak area, in FY79. 
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-- -----------------:----------------·c:. , AIRCRAFT SUl'POR'f - llELICOPTTm R.U.#194 FY79 

1. Delineate proposed transects and/or station s'cheme on a char. I: of: the area. 
(Note: If flights are for transport of personnel or equipment only from l>ase 
c;1mps to field camps and visa versa» chart submission is not necessary but 
origin and destination points should be listed). 

See attached chart NEGOA (Fig. 3) 

2. Describe types of observations to be made. 
Survey and necropsy of beached mammal carcasses; observation •. collection, and 
necropsy of aborting sea lions. 

3. \-That is the optimum time chronology of observations on a seasonal bar-ds and l~hat 
is the maximum allo;~able departure from thes~ optimum times? 

2!5 March &· 10 April/ Cordova-Cape St. Elias & c. St. ~lias-Cordova 
Need 10 days to 2 weeks on Cape St. Elias; timiilg could be 1·week later 

'•· Hov7 many days of helicopter operations are required and hoH many flight hours 

per day? 2 days, 4 bra/day working timet plus about 8 hrs transit time, with allowance 

1
. fhor hunfavo?rable weather. 

Total f 1g t ours. · 

5. Hm-1 many people are required on board for each flight (exclusive of the pilot)? 

Two 

6. \·1hat are the.'lveights and dimensions of equipment or supplies to l>e transported? 

200 lb 3x3x2.5 ft 

'1. What type of helicopter do you reommend for your operations and lvhy? 

Any with above capacity. Flight times indicated are for Bell 2o6 

8. Do you recommend a particular source for the helicopter? If uyes 11 
t please name 

the source and the reason for your recommendation. 
Kenai Air; previous experience in the area 

9. }fuat is the per hour charter cost of the helicopter? 

300/hr 

10. \-;rlwrc do you rcommend that flights be staged from? 

Cordova 

11. Will special navigation and communications be required? 

No 
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Fig. 3. Proposed survey area (cross-hatched) for stranded marine mammals in April '79. 



MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU fl ..;..19::....4;....._ __ PI: F. H. Fay 

Major Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

MAJOR MILESTONES 

Quarterly Reports 

.~::- Annual Report 
a.. 
00 

NEGOA/Cordova-C. St. Elias 

Kodiak beach suryey 

Cook Inlet survey 

1978 
0 N D 

0 

1979 
J F M A M J J A S 0 N D 

0 0 

0 

0 

0 

0 
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To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

Proposal Date: 22 June 1978 
Contract i: 03-7-022-35140 

FY 1979 RENEWAL PROPOSAL 

Research Unit Number: 196 

TITLE: Distribution, abundance and feeding ecology of birds 
·associated with pack ice 

Cost of proposal: ~1:},02/ 

SO)CO\ ·~"Yl 
Lease Areas: 

Beaufort Sea 60% 
Chukchi Sea 20% 
Norton Sound 20% 

Period of proposal: 1 October 1978 to 30 September 1979 

Principal Investigator: George J. Divoky 

Institution: Point Reyes Bird Observatory 
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·Mrs. Jane P. Church 
Executive Director 
Point Reyes Bird Observatory 
4990 Shoreline Highway 
Stinson Beach, CA 94970 
Phone (415) 868-1221 



IV. Background 

During its annual formation and retreat the Arctic pack 
ice covers a major part of the outer continental shelf being 
considered for development as part of the OCS program. The 
annual cycle of the pack ice has a profound effect on the 
marine birds in the Beaufort, Chukchi and Bering §eas. The 
proposed research is part of a continuing project aimed at 
obtaining predictive understanding of the distribution, · 
abundance and biology of bird species associated with the 
ice environment. Because aerial censusing over ice has been 
shown to provide unreliable data, this project is dependent 
on the availability of ships that operate in and next to the 
ice. Thus seasonal and year to year patterns emerge slowly 
through repetitive observations. Ice edge habitats are 
sites of major concentrations of marine birds under certain 
circumstances and at the same time can be expected to be 
subject to build-up of any marine contaminants. 

OCSEAP-funded cruises from 1975-78 and additional 
cruises from 1970-73 have provided information on densities and 
feeding behavior of seabirds in the pack ice of the Bering, 
Chukchi and Beaufort Seas. 

While there are still major temporal and geographic 
gaps that need to be filled, the data in hand will provide 
a major contribution to our knowledge of the pack ice avifauna. 
The bulk of the work conducted in FY 1979 will be to analyze 
data gathered in previous years and to present the analyses 
in reports. Satellite imagery of ice conditions obtained as 
part of R.U. 267 will be used to correlate bird densities with 
large scale ice features. Trophic information obtained as 
part of this project will be compared with other trophic 
studies (R.U. 6,29,230,232 and 359). Species accounts of the 
Arctic Tern and all Alaskan gulls other than Larus and Rissa 
will be initiated. Field work in FY 1979 will be undertaken 
only to fill specific information gaps, or to conduct specific 
studies on manipulation of breeding habitat. The latter are 
a result of hypotheses based on OCSEAP-funded studies in 
1975-77. 

The 1979 work on this project will thus have four basic 
emphases: 

-Wrap-up and exposition of pagophilic species' inter
actions with ice edge habitats; 

- Analysis and synthesis of integrated trophies studies 
carried out in 1977 and 1978, with possible limited 
field follow-up; 
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v. 

- Analysis and continuing observation of manipulated 
nesting conditions for Arctic Terns, Pacific Eiders, 
and Black Guillemots on Cooper Island and other typical 
Beaufort barrier islands, begun in 1976; 

- Species accounts formulated for small gulls and terns 
for all Alaskan ocs areas. 

Objectives 

1. Sample bird occurrence in relation to all major seasonal 
ice events (formation, maximum extent, minimum extent) 
in each lease area (Norton, Chukchi, Beaufort). 

2. Develop predictive understanding of repetitive ice/ 
polynya features on distributions of birds. 

3. Develop predictive understanding of the importance 
of anomalous ice features in year-to-year variations 
to occurrence and abundance of pagophilic species. 

4. Use all appropriate techniques to identify and follow 
ice and water mass dynamics seasonally to learn what 
influence events such as breakouts, variable shear 
zones, and major lead systems have on the avian community. 

5. Develop an understanding of trophic ecology of 
pagophilic species to the point that major prey items 
can be identified as requiring additional understanding/ 
experimentation in view of offshore development. 

6. Assess recovery potential of artifically reduced breeding 
populations, probably at Cooper Island, with Arctic Terns. 

7. Evaluate effects on island 'carrying capacity' of 
increased driftwood availability or other appropriate 
nest habitat modifications, in presence and absence of 
foxes as predators. 

8. Begin species account summaries on Arctic and Aleutian 
Terns, Ross' and Sabine's Gulls, according to OCSEAP
specified format, statewide for Alaska. 

These objectives will allow the determination of which 
areas in the ice are most critical to pagophilic birds and the 
primary prey species that support these bird populations. Such 
information is needed prior to the proposed OCS leases. Manipula
tion of breeding success and conditions is being carried out in 
order to see how human activities on barrier islands may benefit 
or harm populations breeding on the islands. Species accounts are 
being initiated as part of an attempt by OCSEAP to correlate and 
condense the available information on the major Alaskan seabird 
species. 
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VI. General Strategy and Approach 

Over the past nine years pelagic observations have been 
made on 16 cruises in the pack ice of the Bering, Chukchi and 
Beaufort Seas. In general the data obtained since 1975 are the 
most valuable due to ice information avilable from satellite 
imagery and the physical and biological studies conducted 
concurrently with pelagic bird observations. Most of the cruises 
(all since 1975) have been put into a standard OCSEAP format 
(033) and are on magnetic discs. FY 1979 efforts will center on 
the analysis of information already in hand. The quantity of 
data to be analyzed necessitates the use of a computer. A 
micro-computer already owned by the PRBO will be used to correlate 
bird abundance with ice and other environmental parameters. 

Field work will be limited in time and will deal primarily 
with barrier island breeding populations. The breeding popula
tions of Arctic Terns and Black Guillemots on Cooper Island 
will be censused in order to assess the effects of 1978 manipula
tions (egg destruction by fox or humans). In addition the 
islands east of Prudhoe Bay and west of Flaxman Island will be 
visited to determine how the increased nest cover placed on other 
islands in 1978 has affected bird numbers. This is part of an 
experiment to determine if breeding populations on barrier islands 
can be affected by artificial cover. An attempt is being made 
to lessen the impact of industrial use of the islands. 

VII. Sampling 

No cruises are planned or budgeted for in FY 1979 but 
should an ice cruise take place the following will be done. 
On a given cruise an attempt is made to conduct observations 

· south of the ice, at the ice edge and a~ varying distances within 
the ice. Observations are usually made continuously as the ship 
steams during daylight hours so that gradients north and south of 
the ice are discernible. Observations are divided into 15-minute 
periods with all birds seen in.a 300-meter transect on one side 
of the ship being counted. Birds seen in this transect are 
used to compute birds per km2. This is done for all birds seen 
and by species. Ship followers are counted once every 15 minutes 
but are not included in density computations. Information 
gathered on birds includes age, sex, activity, and direction of 
flight. For each observation period, information on ice cover, 
type and a number of other.ice parameters is taken. Oceanographic 
information and distance to land and shelfbreak are obtained for 
each 15-minute transect. All observations are coded in OCSEAP 
data format 033. 

Bird specimens are collected from a small boat 
On returning to the ship all specimens are weighed, 
for fat, and the stomach removed. Stomach contents 
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VIII. 

IX. 

done immediately. The weight, number and size of each prey 
organism is recorded. All bird specimen and stomach contents 
data will be entered into an OCSEAP data format as soon as 
the format is approved by NODC 

Barrier island censuses will be taken 2 or 3 times during 
the breeding season and all eggs, chicks and adults counted. 
Nesting chronology will also be determined. 

Analytical Methods 

' 2 
Bird densities (birds per km ) will be analyzed in relation 

to ice cover, distance to ice edge, distance to land and a 
number of oceanographic parameters. In this way the principal 
factors determining bird distribution in and next to the ice 
can be ascertained. 

Stomach contents will be analyzed by determining frequency 
of occurrence for all prey items and percent of toal weight. 
Frequency of prey species in stomachs will be compared with the 
frequency of the species in otter and Tucker trawls. 

Deliverable Products 

A. Digital Data 

See attached sheets showing parameters obtained in 033 and 
list of digital data products and submission schedule. 
Processing of data will be done by project. 

B. Narrative Reports 

1. Analyses of densities, age classes, activities and 
stomach contents of birds, including tabular and 
graphic trophic presentations. 

2. Reports on manipulative experimental results. 

3. Species synthesis accounts. 

4. Word-schematic modeling of ice features, deformations, 
anomalies, as necessary to illustrate and interpret 
mechanisms and dynamics of the bird/ice relationships 
in average and extreme cases, all lease areas and 
seasons. 

c. Visual Data 

Maps of occurrence and densities of each species for each 
cruise, in relation to major ice features and habitat types. 
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X. Quality Assurance Plans 

The Principal Investigator will participate in all cruises 
and oversee all data gathering methods in order to assure 
standardization of technique. In addition all personnel hired 
as field assistants in this project have conducted similar 
observations as part of this project and R.U. 3/4. The 
techniques used in this project allow data to be compared with 
other pelagic distribution and feeding data. 

Bird densities are computed by cotmting all the birds in a 
given area and deriving a birds per km2 value. These densities 
are calculated by computer as are all correlations and regressions 
with environmental factors: 

Stomach contents are separated to lowest possible taxonomic 
unit, each category is weighed and the length of individual 
prey items measured to the nearest millimeter. 

XI. Special Sample and Voucher Specimen Archival Plans 

Voucher specimens of all prey organisms found in bird 
stomachs are being kept at Point Reyes Bird Observatory. 

XII. Anticipated Problems 

XIII. 

The proposed work consists almost entirely of office and 
lab work with orily limited field operations. If OCSEAP conducts 
cruises in lease areas affected by ice, additional funds would 
be needed. Every month of field work would add an additional 
$2,000 to the budget. 

Much of the analysis of data will be done by computer. 
While sufficient funds are included in the budget for purchase 
of hardware to aid in the preparation of data outputs, there 
is always the possibility of malfunctions that would require the 
purchase of new equipment or repair of equipment already 
purchased. This could result in additional costs. 

Information Required from Other Investigators 

Contacts have been established with research units whose 
work interfaces with R.U. 196, These include units concerned 
with trophic studies (R.U.6, 29, 230, 232, 259) and ice 
dynamics (R.U. 257). 
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XIV. Management Plan 

The principal investigator will oversee all operations 
in the laboratory, field and office. He will be responsible 
for the preparation of all digital and narrative data. 
Personnel involved in the preparation of data products will be 
experienced workers who have gathered the information being 
reported on. 

Computer programming will be done by Leo Karl of 
Custom Computing. 

Information on the chronology of data gathering is shown 
on the attached milestone chart. 

XV. Outlook 

FY 1979 is considered a time in which the large amount 
of data gathered over the past four years will be analyzed. The 
analysis will allow the determination of geographic areas, ice 
habitats and time periods that still need to be sampled. Thus 
any further sampling will be a result of the analysis in 
FY 1979. In addition, censusing proposed will be conducted in 
lease areas in order to obtain more information. 

Information obtained as part of R.U. 3/4 demonstrates the 
importance of cover to birds breeding on barrier islands. 
Cover will be increased on certain islands in 1978 and 1979. 
These islands will need to be cerisused in future years to 
determine the effect of the cover. 

Office work after FY 1979 will include the completion of 
the reports on each of the seas where sea ice is present. The 
species accounts started in FY 1979 will also be completed. 
The micro-computer data input system developed in FY 1977 and 
FY 1978 will be developed into a data output system in FY 1979. 
This will be done after purchasing a printer plotter and develop
ing a program which will compute densities from the data entered 
into the 033 format. These densities can then be correlated with 
the ice, oceanographic and geographic factors. Maps showing 
densities will also be produced. The development of such a 
system will benefit not only R.u. 195 but will provide OCSEAP 
with the capability of fast processing of pelagic bird information 
with minimum turnaround time. Such a capability will be of great 
use to future work since the amount of office time spent analyz
ing cruises will be minimized. 
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Future work will also center on specific lease areas 
where more information is needed prior to a lease sale. 
Sampling will be done on a pre-determined grid that will 
provide maximum information. Cruises in the past have usually 
covered too broad a geographic area·to provide such 
information. 

XVI. Standard Agreements 

1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will b~ submitted to the appropriate 
Project Office ~uring the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be. submitted within 90 days of the 
expiration of the contract . 

3. Where biota are conc.erned, all species and higher categories 

4. 

5. 

will be represented by the voucher sp.ecimens that will be 
preserved, labeled, held, and shipped to· an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 

At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of 
a cruise or three month data collection period, unles~ a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded 
as shown on form CD-281, "Report of Government Property in 
Possession of Contractor" (copy attached) . Updated copies 
of these inventories will be submitted quarterly. 
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9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to tec-nical or scientific 
material developed under OCSEAP funds will be submitted 
to the appropriate Project Office at least sixty (60) 
days prior to release, for information and for forwarding 
to BLM. The release of such material within a period of 
less than.sixty (60) days shall be made only with prior 
written consent of the Project Office. News releases 
will first be cleared with the appropriate Project Office. 

10. All publicatio~s and presentations of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgment is standard: 

"This study was supported by the Bureau of Land Management 
through interagency agreement with the National Oceanic 
and Atmospheric Administration, under which a multi-year 
program responding to needs of petroleum development of 
the Alaskan continental.shelf is managed·by the Outer 
Continental Shelf Environmental Assessment Program 
(OCSEAP) Office." 
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Fi 1 e Type 033 

Ship and Aircraft Census 

Common to all records 
File Type 
File Identifier 
Record Type 
Station Number 

Record Type 1 - Location 
~atitude/Longitude 
~Year/Month/Day 

Hour/Minute 
Latitude/Longitude 

Vflapsed Time/Time Zone 
vSpeed Made Good/Course Made Good 
JHeight Above Sea 
vPlatform Type Code 
~ampling Technique Code 
~hip Activity Code 
Photos Taken 
Width of Transect 
Angle of View Code 
Observation Conditions Code 

v- Distance Made Good 
v-watch Type Code 

Transect Width 

Record Type 2 - Environmental 
Lrnepth to Bottom 

Depth of Thermocline 
v- Surface Temperature/Sa 1 in ity 
~Dry Bulb Temperature/Wet Bulb 
~Reiative Humidity 
vBarometric Pressure 
vBarometric Trend 
~ind Direction/Speed 
vSea State 
~swell Dire~tion/Height 
v\o/eather 
vCloud Type/Amount 

Water Color 
vV i s i b i 1 ity 

Sun Direction/Glare Intensity Codes 
Glare "Area Code 
Light Level 
Moon Phase Code 
Tide Height Code 
Rising or Falling Tide 

Record Type 3 - Ice 
.,Ice in Transect/Ouside Transect 
vVisible Open Water 
vType of Opening/Distance to Codes 
v-Visible Ice 
vMisc./Other Features 
vice in/Outside Transect 
..... Ship in Water 
vWi dth of Lead 
vOistance of Ship from Edge of Lead or 
~olynya · 
~Time of Ice Conditions 
vPercent Water Versus Land Covered 
VSize of Ponds 
VOescription of Open Water Ice 
Sequence Number 

Record Type 4 - Text 
L/Text · 

Sequence 

Record Type 5 - Data 
t..-lime 
t:raxonomi c Code ·. 
~sub Species/Species Group 

L'Age Class Group/Sex Codes 
VCo 1 or Phase/Plumage/Molt Codes 
~umber of Individuals 

Counting Method Code 
Reliability CodP. 
Dist. Measurement Type Code 
Distance from observation platform 
to birds 

vOirection of Flight 
vAssociation Code 
vtinkage for Multispecies 
vNumber of Species Participating· 
vBehavior/Special Marks/Bird Condition Codes 

Food Source Assoc. Code 
Taxonomic Code for Food Species 
Debris/Oil Code 
Distance from Nearest Breeding Colony 

""l'abitat Code 
~sequence Number 

Substrate/Cover/Outside Zone Codes 

~istance to nearest Shoreline/Shelf Break 
SECCHI Depth 
Debris Code 
·Effects of Weather/Light 
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Data Type Hedia 
r. 
"~.e. Intertidal, (Cards, cod-
Benthic Organisms, ing sheets, 
etc.) tapes, disks) 

Bird stomach Floppy discs 
contents 

Pelagic bird tf 

DIGITAL DATA PRODUCTS SCHEDULE 

Estimated 
Volume OCSEAP 
(Volume of Format 
processed data) (If known) 

1,000 stomachs 

500 stations 033 

Collection 
Period Submission 

Processing and 
Forrnating done 
by Project 
(Yes or No) (Month/Year to Honth/Year) (Honth/Year) 

Yes June '75 to August'78 

Yes FY 1979 

June 1979 

One month 
after cruise 



HILESTONE CHAR'f 

0 - Planned Completion Date 

X - Actual Completion Date 

RU It _1_9_6 __ PI: 
~eorge 3. Divoky 

Major Milestones: Reporting, data management and other significant 
contracb!a.l requirements; periods of field work; workshops; etc. 

1978 1979 
~UWOR MILESTONES 0 Nj D J F M A M 

I 
Completion of field work at Barrow 0 I 
Analysis of 1978 Cooper Island data 0 I 
Analysis and mapping of 1978 cruise --- --- --0 

Development of programs to analyze 033 --- -- ---- ---- -0 

l -P- Submission of annual report I 0 
• co l ° Computer analysis of 

I 
all cruises I ~-- --"""" _......__t""'' 

I Submission of bird stomach contents 
1 data to NODC 0 

I I 

I 

I 
I I 

I ! 
I 

I 1--

I 

J J A s 0 

-.... ~ 

__ ,...._ 
--'!""". ---~ -o 

I 

N D 

I 

I I 

I 
I 

I 
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LOGISTICS REQUTREHENTS 

Pl<:ase fill in all spaces or indicate not applicabic (N/A). Use additional 
sheets as necessary. Budget line items concerning logistics should be keyed 
to the relevant item described on these forms. 

INSTITUTION Pt. Reyes Bird Obs. PRINCIPAL INVESTIGATOR George J. Divoky 

A. SHIP SUPl'ORT 

1. Delineate proposed tracks and/or sampling grids, by leg, on·a chart of the area. 
Include a list of proposed station geographic positions. 
Cruises planned only in areas where 060EAa requires information prior 
to leasing. · 

2. Describe types of observations to be made on tracks and/or at each grid station. 
Include a description of shipboard sampling operations. Be as specific and com
prehensive as possible. 

3. What is the' optimum time chronology of observations on a leg and seasonal basis 
and what is the maximum allmvable departure from these optimum times? {Key to 
chart prepared unde~ Item 1 whendnec~ssarylifor l!lari[ication.l g 1• n daylight 
Observations of b1rds are ma e wnen ~ e sn1p s steamin • 
Birds collected from saall boat when on saation. 

4. How many sea days are required for each leg? (Assume vessel cruising speed of 
14 knots for NOAA vessels. Do not include runnin~ time from port to beginning 
point and from end point to port and do not include a \veather factor.) 

28 

5. Do you consider your investigation to be the principal one for the operation thus 
requirin·g other activities to piggyback or could you piggyback? 
I can piggyback. 
Approximately hm• many vessel hours per day '"ill be required for your observations 
and must these hours be during daylight? Include an estimate of sampling-time on 
s.tation and sample processing time between stations. 
4 hours per day; must be in daylight. 

6. Hhat equipment and personnel uould you exp.ect the·ship to provide? 

small boats and operating personnel. 

7. Hhat is the approximate \·might and volume of equip!:!ent you \dll bring? 

300 lbs., 21 cu. ft. 

8. Will your d3ta or equipment require special handling? 
describe. 

481 

No If yes, plense 



9. 1-1111 you 1·cquire any ga::.cs anlllo, br chemicals? · liJo If yes .:hey sl1ottlcl be on 
board the ship prior to departure from Seattle or time 'allowed for !>hiproent by 
barge. 

10. Do you have a ship preference~ either NOAA or non-NO."~.:\? If "yes", plca!3e name tltc 
vessel and give the reason for so specifying. JVc 

ll. If you recommend the -~se of a non-NOAA vessel, t.rhat is. the per sea day chartei'· 
cost and have you verified its availability? 

t2. How many people must you have· on board for each leg? ·rnclude a list of partici
pants,. specifically identifying any vrho are foreign nationals. lW1) 
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B. AIRCRAI:''f SUPPORT - :r'IXED \HNG 

1. Delineate proposed flight lines on a chart of the area. Indicate.de.sire.d flight 
altitude on each li.ne. (Note: If flight::,s are for tran~portation only, chart 
submission is not necessary but origin and destination points should be. iisted.) 
Barrow to Cooper Is, 
Prudhoe Bay to barrier.islands to east. 

2. Describe types of observations to be made. 

To observe nesting_populations and manipulate nesting cover. 

3. \fhat is the optimum time chronology of observations on a seasonal basis and what 
is the.maximum allowable departure from these optimum times? (Key to chart 
prepared under Item 1 when necessary for clarification.) 
June and July 

4 .• 
10 days 

Hat-1 many days of flight operations are required and hot.r many flight hours per day? 3/day 

Total flight hours? 30 hours 

5. Do you consider your investigation to be the principal one for the flight, 
thus precluding other activities or requiring other aetivities to piggyback 
piggyback or cou~d you piggyback? 
Anyone else needing to go to a barrier island could go. 

6. \fhat types of special equipme~t are required for the aircraft (non carry-on)? 
None 
\fhat are the \veights, dimensions, pot.,-er requirements, and installation 
problems unique to the specific equipment. 

7. \fhat are the \.reights, dimensions and po,,;rer requirements of carry-on equipment? 

·None 

8. l\llw.t type of aircraft is best suited for the purpose? 
Cessna 180 or single otter. 

9. Do you recommend a source for the aircraft? Yes 
If "yes", please name the source and the reason for your recom::nendation. 

10. Hh<J.t is the per hour charter cost of the aircraft? 
Cessna 180 $85/hour 
Single Otter $150/hour 

NARL 

11. llm,;r mony people urc required on board for each flight (exclusive of flight crcH) 7 
Two 

12. \.Jherc do you recommend that flir.;hts be ntag<~d fr~)m? 
Barrow and Prudhoe Bay 
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C. AlRGRArr SUPPORT - HELICOPTER 

1. Delineate proposed transects and/or station scheme qn a chart.of the area, 
(Note: If flights are for transport of personnel or equipment only from base 
camps to field camps and visa versa, chart submission is not necessary. but 
or~g1n and destination points should be listed). Helicopter flights will only be 
needed if no fixed wing is avai.lable. Requirements will. be the same. as for fixed wing. 

2. Describe types of observations. to be xnade. 

3. \Vhat is the optimum time chronology of observations on a seasonal basis and \vhat 
is the maximum allowable departure from these optimum times? 

4 . How many days of helicopter operations are required and how many flight hours 
per·day? 

Total flight hours? 

5. Hmv many people are required on board for each flight (exclusive of the pilot)? 

6. \Vhat are the weights and dimensions of equipment or supplies to be transported? 

7. \Vhat type of helicopter do you reommend for your operations and 1-~hy? 

8. Do you recoxmnend a particular source for the helicopter? If "yes 11
, please name 

the source and the reason for your recommendation. 

9. \vhat is the per hour charte1· cost of the helicopter? 

10. \-lhere do you reommend that flights be staged from? 

11. l-lill special navigation and communications be required? 
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D. QUARTERS AL'lD SUBSISTENCE SUPPORT 

1.. What are.your requirements for quarters and subsistence in the field area? 
(These requirements should be broken dm-m by (a) location, (b) calendar period, 
{c) number of personnel per day and total man days per period). 
Location Period Total man days 

Barrow 
Cooper Island 
Prudhoe Bay 

June, July, August 
II 

II 

20 
20 
20 

2. Do you recommend a particular source for this support? If "yes", please name 
the source and the reason for your recommendation. 

NARL facilities and support while at Barrow. 

3. \fhat is your estimated per man day cost for this support at each location? 

Barrow ~ $84, Cooper Island - $15, Prudhoe Bay - $80, 

HO\v did you derive this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to establish and Daintain a field 
camp? 

E. SPECIAL LOGISTICS PROBLE:lS 

1. \fhat special logistics problems do you anticipate under your proposal and hO\" 
do you propose that the problems be solved? (Provide cost estimates and in
dicate whether you propose handling the problems yourself or whether you must 
depend on NOAA to solve them for you? 
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1979 Proposal 
R.U. 204 

TITLE: Offshore permafrost studies, Beaufort Sea 

PRINCIPAL INVESTIGATOR: David M. Hopkins 

TOTAL COST OF PROPOSAL: OCSEAP 
NOAA-provided logistics 
u.s. Geological Survey 

Total 

$ 42,076 
2,400 

21,145 

$ 66,621 

(All work will be conducted in Beaufort Lease Area) 

INSTITUTION AND DEPARTMENT: U.S. Geological Survey, Branch of Alaskan Geology 

DATE OF PROPOSAL: June 29, 1978 

REQUIRED SIGNATURES: 

Principal Investigator 'JJ_;-1--]tf. ~ 
Name David M. Hopkins Date .June 29, 1978 

Address 345 Middlefield Road, Menlo Park, CA 94025 

Telephone --~F~TS~4~6~7~-~2~6~5~9 ____ _ 

Required Organization Approval 

Name A. Thomas Ovenshine 
J Jl 

/ Ot-vv~LJ -
Qo Park, CA Address 345 Middlefield Road, 

Telephone FTS 467-2231 

Organization Financial Of~icer .· '- p . ..---; . . 
.6'tu!f2<~ .,Y ~L VeL, 

Name Elwood H. Like ' .t-\_j 

Address Office of Mineral Resources, u.s. Geological Survey, 

National Center, Mail Stop 913, 12201 Sunrise Valley Drive, 

Reston, VA 22092 

Telephone FTS 928-6572 -----------------------------------------------------------
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TECHNICAL PROPOSAL 

I. Title: Offshore permafro~t studies, Beaufort Sea 
Re5earch Unit: 204 
Proposed Dates: October 1, 1978-September 30, 1979 

II. Principal Investigator: D. M. Hopkins 

III. Cost of Proposal for Federal Fiscal Year 

IV. 

A. Science $ 42,076 
B. Logistics none 

c. Total $ 42,076 
D. NOAA-provided logistics [ 2, 400] 
E. USGS Contribution r:u,145J 

F. Grand total [$ 66,621] 

G. Distribution of Effort: Beaufort Sea: 100% 

Background 

Studies conducted during the early 1970's near Point Barrow by 
R. E. Lewellen (funded by the Office of Naval Research) and on the 
Canadian segment of the Beaufort Sea shelf by the Canadian Depart
ment of the Environment showed that, contrary to expectations, 
permafrost is widely distributed offshore. The permafrost is evi
dently largely relict. Calculations by Lachenbruch (R.U. 204) 
and Osterkamp and Harrison (R.U. 253) indicate that the prolonged 
persistence of permafrost on the continental shelf must indicate 
a considerable ice content distributed through a thick vertical 
section. Osterkamp and Harrison showed that salt advection and 
salt diffusion may also play a considerable role in the rate at 
which ice-bonded permafrost is dissipated after submergence. Ice
rich permafrost in sub-sea sediments can pose a serious hazard to 
the integrity of structures associated with the exploration, 
recovery, and transportation of petroleum on the continental shelf, 
and so a joint effort by the U.S. Army Cold Regions Research and 
Engineering Laboratory (R.U. 105) and the u.s. Geological Survey 
(R.U. 204) was undertaken to determine the temperature, ice- or 
water-content, pore-water chemistry, lithology, and engineering 
characteristics of sub-bottom sediments on the Beaufort Sea shelf 
in and near Prudhoe Bay. 

During spring, 1976, four boreholes ranging in depth from 15 to 50 m 
were completed, and experiments were conducted by some of the CRREL 
participants in order to develop a probe technique that would let us 
quickly and cheaply extend the results obtained by drilling. In 
spring, 1977, five additional boreholes were completed, and many 
probe holes were punched down, giving us a detailed three-dimensional 
picture of the distribution of thawed ground and underlying perma
frost in and near Prudhoe Bay. Our efforts were focused in the 
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TECHNICAL PROPOSAL (cont.) 

IV. Background (cont.) 

Prudhoe Bay area mainly for logistic reasons, but the information 
obtained can be generalized to other parts of the Beaufort Sea shelf. 
We felt some pressure to distribute our study over a larger area. 
However, the intense local variability of permafrost only became 
apparent as a result of concentration of our effort in this critical 
area. Our boreholes are supplemented by a series of augur, probe, 
and water-jet holes by Osterkamp and Harrison (R.U. 253) and by 
seismic reflection and refraction profiles by J. C. Rogers (R.U. 271). 
The distribution of ice-bonded permafrost and of surficial fine
grained sediments encountered in the boreholes can be related to 
studies of bottom sediments by E. Reimnitz and P. Barnes (R.U. 205). 

Taken together, these surveys have begun to provide us with a good 
picture of the distribution of sediment types and of the distribution 
of permafrost in the area immediately offshore from Prudhoe Bay and 
the Sagavanirktok River delta. A model for the distribution of off
shore permafrost can now be constructed, to be tested by drilling in 
other parts of the lease area. 

Drilling has shown that much of the Beaufort Sea lease area is 
mantled by about 10 m of dense, tough, overconsolidated silt and c~ay 
containing scattered ice-rafted boulders and commonly littered by a 
boulder residuum. Similar material is exposed at many points on the 
coast, where it is known as the Flaxman Formation. The overconsoli
dated clay is ancient, probably ranging in age from about 30,000 to 
about 125,000 years. It was exposed to cold air temperatures during 
the last reduction in sea level, when the shoreline evidently lay 
somewhere seaward of the 20-m isobath. 

Much softer marine fine sand, silt, and clay ranging in thickness 
from 1 to 10 m occupies a much smaller part of the shelf. This mate
rial seems to occupy shallow valleys carved by removal of the over
consolidated clay and a little of the under:.ying gravel which forms 
a sheet at least 100 m thick throughout the inner shelf. It consists 
of marine mud deposited during the past few thousand years down
current from the present-day rivers. 

The drilling, probing, and seismic studies have established that 
ice-bonded permafrost is present almost everywhere on the Beaufort 
Sea shelf seaward to at least the 20-m isobath, but depths to the top 
of the ice-bonded layer are extremely variable. Permafrost is no 
more than a few meters below the bottom in recently submerged areas 
and in shoals shallow enough for winter sea ice to rest on the bottom. 
Permafrost lies at variable depths but is commonly shallower than 
20 m and locally as shallow as 8 or 10 m in the overconsolidated silt 
and clay. In the sea valleys filled with Holocene sediment, however, 
permafrost lies tens of meters and in some places more than 100 m 
below the bottom. 

These observations suggest the following model to explain and predict 
the distribution of permafrost on the Beaufort Sea shelf: 
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TECHNICAL PROPOSAL (cont.) 

IV. Background (cont.) 

During the height of the world-wide contin13ntal glaciation about 
18,000 years ago, sea level was lowered. The Bering Sea shelf was 
exposed seaward to about the present-day 90-m isobath. The position 
of the shoreline in the Beaufort Sea 18,000 years ago is not yet 
established, but lay somewhere seaward of the 20-m isobath. The 
cover of ancient marine silt and clay became frozen as did the under
lying gravel. The total thickness of bonded permafrost formed at any 
particular place depended partly upon the duration of exposure to 
subaerial temperatures, but thicknesses of several hundred meters 
were formed in most areas of the shelf landward of the present 20-m 
isobath. 

The major rivers from Alaska aggraded and formed outwash fans extending 
across much of the present-day coastal plain, but the edges of most 
fans lay within a kilometer inland of or seaward of the present coast. 
Seaward from the edges of the fans, the rivers removed the ancient 
marine silt and clay to form broad, shallow valleys graded to the 
shoreline of the time. By analogy with the braided gravel flood 
plains of present-day North Slope rivers we may assume that the top 
of the ice-bonded layer lay at depths of several tens of meters 
beneath the river channels but at depths of less than a meter beneath 
uplands mantled with overconsolidated silt and clay. 

When sea level began to rise, the shallow valleys were flooded early. 
In the absence of a cover of ancient, impermeable marine silt and 
clay, the cold but salty·sea water gained ready access to the under
lying gravel. Ice in the gravel was thawed rapidly and deeply by 
salt advection. Ultimately these valleys began to collect Holocene 
marine sediment carried by currents from the river mouths, sealing 
the gravel from further interchange with.sea water. 

When the sea transgressed over the slightly higher plains away from 
the sea valleys, salt water was prevented from gaining access to the 
potentially porous gravel substrate by the mantle of tight overcon
solidated clay. Consequently, thawing of ice in the shallow bonded 
permafrost could progress only by heat diffusion and salt diffusion. 
The water temperatures are below zero, and salt diffusion progresses 
only slowly. Consequently, thawing has progressed extremely slowly 
and only to very limited depths in most areas mantled by the over
consolidated clay. 

If this model is correct, then we can expect to find deep permafrost 
throughout the area of Holocene sediments shown by P. Barnes and 
E. Reimnitz as extending westward from the mouth of the Sagavanirktok 
River to a point northwest of Oliktok Point, where it is joined by 
another belt of Holocene sediment extending northward from the mouth 
of the Colville River.to the shelf break. We should expect to find 
similar belts of Holocene sediment and deep permafrost in as-yet 
undiscovered sea valleys extending across the Beaufort shelf from 
the Shaviovik and Canning Rivers, and we should expect to find over
consolidated clay and shallow, potentially ice-rich permafrost in 
other parts of the Beaufort lease area. 
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TECHNICAL PROPOSAL (cont.) 

Background (cont.) 

The Conservation Division of the Geological Survey now intends to 
undertake a series of 22 boreholes to be scattered over the entire 
lease area. Drilling will be done by a contractor, and the objective 
will be to collect geotechnical information, appraise the availability 
of gravel resources, and determine the depth to and temperatures of 
bonded permafrost. Osterkamp and Harrison (R.U. 253) will undertake 
geothermal logging, Chamberlain (R.U. 105) will undertake pore-water 
salinity measurements, and Hopkins and Hartz (this proposal) will do 
lithologic logging, all with joint USGS-OCSEAP support. The new 
drilling program will provide an opportunity to test the model put 
forth above and thus will lead to development of a regional and pre
dictive knowledge of the distribution of permafrost on the Beaufort 
Sea shelf. 

V. Objectives 

1. Log and sample a series of shallow boreholes on the continental 
shelf within the Beaufort Sea lease area. 

2. Determine geochronology of the sequence of sediments recovered 
from the boreholes, using radiocarbon, amino-acid racemization, 
and paleontological determinations and geological correlations. 

3. Complete reports on 1976 and 1977 boreholes. 

4. On the basis of this data and data from the coastal geologic 
studies (R.U. 473), determine history of sea level, lateral 
migration of shoreline, and other paleogeographic parameters 
for the Beaufort Sea lease area during the past 120,000 years. 

5. From these data, develop a model to explain and predict the 
distribution of shallow and deep permafrost on the Beaufort 
Sea shelf. 

Relevance: 

Industry planners persistently underestimate the seriousness of 
the hazards and problems that may be introduced by shallow off
shore permafrost. They have no independent knowledge of the 
distribution and character of offshore permafrost, but assume 
conditions quite different from those that we have found. By 
default, it is the responsibility of the Federal Government to 
learn enough about. offshore permafrost conditions so that proper 
and appropriate site-specific testing procedures can be required 
of lease holders where they are needed. 

Permafrost potentially represents a serious hazard to drilling 
platforms and buried pipelines on the continental shelf. OCSEAP 
investigators have found ice-bonded permafrost at depths of less 
than 10 m below the sea bottom. In some places the lower part of 
the overconsolidated clay is ice-bearing and may be ice-rich. In 
these sites, serious thawing and subsidence could result from 
placement of a pipeline. 
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TECHNICAL PROPOSAL (cont.) 

Relevance: (cont.) 

Although gravel is widely available on the shelf, it is ice
bonded in many areas. The presence of ice-bonding will affect 
choice of excavation methods, excavation costs, and configura
tion of the finished excavation--or possibly it will result in 
a decision to haul gravel from a more remote site. Removal of 
the covering overconsolidated clay may permit salt water to 
enter the more permeable frozen gravel and lead to rapid thawing 
and subsidence in the vicinity of a dredge excavation. All of 
these are reasons why it is important to know ab~ut the distri
bution and state of shallow permafrost. 

Experience gained during the past 3 years by R.U. 105, R.U. 204, 
and R.U. 253 has shown that recognition of ice-bonded permafrost 
is difficult, and requires a combination of physical observation 
of recovered core, geothermal measurements of stabilized in-hole 
temperatures, and measurement of pore-water salinities. Conse
quently, it is very important that the contract drillers be 
backed up by scientifically oriented core-loggers, geothermal 
geophysicists, and sediment geochemists. 

VI. General Strategy and Approach 

Hopkins and Hartz will participate in offshore permafrost drilling 
planned for spring, 1979, and will provide lithologic logs which 
will be made available to Conservation Division of U.S.G.S., NOAA, 
and BLM no later than September 30, 1979. The upper 10 meters of 
sediment has proven to be critical for gaining an insight into 
subme.rgence and thermal history, and these intervals will be cored 
continuously and sampled at close intervals. Samples from selected 
holes will be examined for their micropaleontological content, and 
samples from the remaining holes will be archived until needed. All 
woody horizons will be sampled for radiocarbon dating and mollusks 
from selected holes will be submitted for amino-acid racemization 
study. All cores will be radiographed. Gravel-sized constituents 
of the surficial marine sediments and samples of the deeper gravel 
will be scanned for occurrence of ice-rafted pebbles of Canadian 
or1g1n. These studies will lead to development of a chronological 
submergence history and an understanding of the physiographic and 
paleoclimatic history of the lease area. 

Meanwhile, analytical work is far advanced but not complete for 
the four boreholes completed during 1977. The autumn and winter 
of 1978-79 will be devoted to completing study and analysis of 
samples from these boreholes. 

Data from the 1976, 1977, and 1979 boreholes will be combined to 
delineate and date paleoshorelines and paleodrainage and as a 
method of predicting the distribution of shallow and deep ice-rich 
permafrost. A preliminary report on the distribution of shallow
and deep-permafrost areas will be prepared no later than October 15, 
1979, so that it can be used in planning the Beaufort Sea lease 
sale. 
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TECHNICAL PROPOSAL (cont.) 

VII. Sampling Methods 

According to U.S.G.S. Conservation Division plans, 22 boreholes will 
be scattered as uniformly over the Beaufort Sea lease area as ice 
conditions and social and wildlife factors permit. We will urge the 
Conservation Division managers to place some holes in former sea 
valleys and others in ancient upland areas presumed to be underlain 
by shallow permafrost. Past experience indicates, however, that 
detailed location'of holes will be largely determined by ice condi
tions and logistic factors. Five boreholes are intended to reach 
depths of 90 m and the rest are intended to reach depths of 30 m. 
The surficial fine-grained section is to be cored continuously and 
the gravel section is to .. be cored at 3-m intervals. Samples will be 
divided in the field to provide splits for geotechnical studies by 
the contractor, pore-water~salinity measurements by CRREL, and 
lithologic-stratigraphic studies by our research group (R.U. 204). 

VIII. Analytical Methods 

IX. 

Identification of counts of foraminiferal and ostracode·populations 
will be based on 100-gram samples. Pollen from selected boreholes 
may be identified in standard 2-gram samples taken at 25- or 30-m 
intervals. Selected.samples will be washed for concentration of 
seed, insect, mollusk, and other remains, and selected samples will 
be submitted for radiocarbon-.and amino-acid-racemization analysis. 
Pebble counts will be made for samples in which exotic pebbles occur 
in order to establish ratio of ice-rafted to local Brooks Range 
pebble types. 

Deliverable Products 

A. No digital data. 

B. Narrative Reports 

Interpretive report on geologic history of lease areaduring the 
last 125,000 years and i,ts significance for prediction of dis
tribution of shallow and deep offshore permafrost. Report will 
deal with local sea-level history and will present a model of 
thermal history of ground-air interface at selected borehole 
sites.· 

C. Visual Data 

1. Graphic logs for 1979 boreholes. 

2. Graphic log and identification chart listing and interpreting 
marine microfauna and pollen from selected boreholes. 

3. Map and cross-sections showing location of filled sea-valleys 
and probable areas of deep permafrost. 

4. No other non-digital data. 
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TECHNICAL PROPOSAL (cont.) 

X. Quality Assurance Plan 

1. Not applicable. 

2. Cores will be visually examined and described in the field. 
Short core segments will then be sealed in twist-top sample 
sacks and large ones will be wrapped in saran-wrap and then 
placed in split polyvinyl core-tub~s wound in filament tape. 
They will be kept in cool, humid storage in the field and in 
Menlo Park (at approximate temperature of 5° C) until needed 
for further study. 

3. Samples will be radiographed within 2 months after arrival in 
Menlo Park. Foram and ostracode studies will consist of species 
counts based upon total population remaining on a .0625-mm screen 
concentrate of a standard 100-g sample. Pollen, radiocarbon, 
and amino-acid studies will employ standard techniques. 

4. Not applicable. 

XI. Special Sample and Voucher Specimen Archival Plans 

As much as 100 meters of unused core segments may remain after prin
.cipal studies have been completed under this program. They will be 
held ·in Geological Survey facilities in Menlo Park for 5 years and 
then must be either archived in another facility .or discarded. Shelf 
space would be needed; the value of the cores would be enhanced if 
they can be kept in a cool, humid environment. 

Mollusks, foraminifera, ostracodes, and polten specimens concentrated 
for study will be permanently archived in the Geological Survey 
facilities at Menlo Park, Denver, or Seattle, Washington. 

XII. Logistics Requirements 

INSTITUTION U.S. Geological Survey 
Branch of Alaskan Geology 
Menlo Park, CA 94025 

A. SHIP SUPPORT 

B. AIRCRAFT SUPPORT--FIXED WING 

C. AIRCRAFT SUPPORT--HELICOPTER 

PRINCIPAL 
INVESTIGATOR D. M. Hopkins 

None 

None 

1. We will need to be assisted by several round trips to transport 
personnel and equipment from logistics base at Prudhoe Bay to 
drill sites and to transport personnel, equipment, and samples 
from drill sites to Prudhoe Bay. Timing is tentatively set for 
Feb. 1-April 1~ 1979, but may slip back to March 1-May 1. 

These trips can be shared with other OCSEAP projects cooperating 
in offshore drilling. 
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TECHNICAL PROPOSAL (cont.) 

XII. Logistics Requirements (cont.) 

C. AIRCRAFT SUPPORT--:-HELICOPTER (cont.) 

D. 

2. No observations 

3. Not applicable 

4. Between four and eight round trips from Prudhoe Bay to drill 
sites within the lease area. Flight time will range from 20 
to 120 minutes for round trip. Flights can be shared with 
other OCSEAP participants. 

5. One or two individuals 

6. Up to 100 kg of samples and 20 kg of equipment. Largest 
dimension: 2-m polyvinyl core tubes. 

7. Bell 204 or equivalent 

8. NOAA or ERA Helicopters 

9. $350 

10. Prudhoe Bay. 

SUBSISTENCE 

1. 

2. 

3. 

We need quarters during staging, demobilization, and R & R 
periods at Prudhoe Bay, at various times during the drilling 
period (between 2/1/70 and 5/1/79). 

There will be one or two men, 1 or 2 days at a time, for a 
total of about 10 man-days. 

NANA hotel, because OCSEAP has a contract there. 

$100/day which is, I believe, the commercial rate. 

XIII. Anticipated Problems and Contingency Plans 

Conservation Division•s plan to complete 22 boreholes scattered uni
formly over the lease area within a 6-week period seems very ambitious 
and perhaps unrealistic. Furthermore, ice conditions will govern the 
locations in which holes can be placed, so that some hoped-for sites 
may not be occupied. The difficulties will increase with progressive 
increase in distance from shore. Also, it will be disadvantageous if 
drilling is not allowed during April, because the ice is thicker then, 
the days are longer, and the weather is much less severe. It will be 
extremely short-sighted to attempt to protect the sea mammals from the 
noise of this shallow core-drilling and thus enhance the danger of 
major spills at a later time because inadequate hazard data has been 
gathered. 
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TECHNICAL PROPOSAL (cont.) 

XIII. Anticipated Problems and Contingency plana (cont.) 

In spite of these problems, this well-funded effort seems certain to 
result in a number of new boreholes with a much broader geographic 
coverage than has been possible during the 1976 and 1977 seasons. 

If this ambitious plan is to be completed, two or more drill rigs 
will probably be functioning simultaneously. Hopkins and Hartz can 
easily cover two rigs. If a third is active, a third geologist, 
perhaps R. E. Nelson, will have to be added. This will result in 
unexpected costs for salary, travel, and subsistence which would have 
to be accommodated by curtailing some other part of the program of 
either R.U. 204 or R.U. 473. 

XIV. Information needed from other investigators 

It will be essential to pool the lithologic-stratigraphic information, 
the geothermal data, and the pore-water salinity data. I am in 
constant and frequent communication with the P.I.'s of R.U. 105 and 
R.U. 253. We telephone each other, meet at least once a year (more 
often twice or three times), and exchange quarterly and annual reports. 
I have budgeted trips to Anchorage and Hanover in order to continue 
these meetings. 

XV. Management Plan 

Management of the project is the responsibility of the Principal 
Investigator and the administrators of the Geological Survey. The 
Principal Investigator will lead and supervise the proposed work. 

Activity/Milestone/Data Management Chart is given on the following 
:rage. 

XVI. Outlook 

Drilling will be completed in spring, 1979, and no further fieldwork 
is contemplated. No additional equipment will be required, and no 
further logistic requirements are anticipated after spring, 1979. 

Preliminary logs and permafrost maps necessary for the Beaufort Sea 
lease sale will require about 6 months work and will be ready in 
late September or early October, prior to the lease sale. 

Analytical work on the cores will consume about 15 months after 
drilling is completed and should be finished on approximately June 30, 
1979. 

Writing and final reporting will require about 30 months after drilling 
is completed and should be finished on approximately September 30, 1981. 
The final report will include drill logs, cross sections, a permafrost 
map, results and interpretation of paleontological and geochronological 
studies, and a general discussion of paleogeographic and paleoclimatic 
factors governing distribution of permafrost on the central Beaufort 
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TECHNICAL PROPOSAL (cont.) 

XVI. Outlook (cont.) 

Sea shelf. The report may take the form of several short articles 
and journal reports. 

Costs: FY 1980 

FY 1981 

$4o;ooo 
$~,000 

XVII. 1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submitted-within 90 days of the 
expiration of the contract. 

3. ~1here biota are concerned, all species and higher categori~s 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated repository in conformity with. OCSEAP voucher 
specimen policy. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-
13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will main
tain inventories of all expendable and non-expendable 
equipment purchased with OCSEAP funds. Information will 
be recorded as shown on form CD-281, "Report of Government 
Property in Possession of Contractor" (copy attached). 
Updated copies of these inventories will be submitted 
quarterly. 
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XVII. 

TECHNICAL PROPOSAL (cont.) 

9. Three (3} copies of all manuscripts for publication or presen
tation which pertain to technical or scientific material 
developed under OCSEAP funds will be submitted to the appro
priate Project Office at least sixty (60) days prior to 
release, for information and for forwarding to BLM. The 
release of such material within a period of less than sixty 
(60) days shall be made only with prior written consent of the 
Project Office. News releases will first be cleared with the 
appropriate Project Office. 

10. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The 
following acknowledgment is standard: 

"This study was supported by the Bureau of Land Manage
ment through interagency agreement with the National 
Oceanic and Atmospheric Administration, under which a 
multi-year program responding to needs of petroleum 
development of the Alaskan c.ontinental shelf is managed 
by the Outer Continental Shelf Environmental Assessment 
Program (OCSEAP} Office." 
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TECHNICAL PROPOSAL 

I. Title: Geologic Environment of the Beaufort Sea shelf and 
Coastal Regions 

II. Principal Investigators: Peter Barnes, PhD. - Research Geologist 
Erk Reimnitz, PhD. - Research Geologist 

III. Cost of P;oposal for FY 1979 

A. Science 
B. P.I. Provided Logistics 
c. Total 
D. Distribution of Effort in Lease Area: 

100' Beaufort Sea 

IV. Background: 

$80, ooo. 
-o ... 

$80, ooo. 

.This project has studied the geology of the arctic shelf environment, 
where ice plays a dominant role. Using sediment profiling, core sampling, 
diving, underwater TV and photography, thermoprobes, oceanographic sensors and 
remote sensing, the effect of ice on sediments, bathymetry, heat transfer, 
river discharge and sediment transport have been investigated. This resulted 
in a significant advance in the understanding of the marine geologic 
environment of the arctic 

Because offshore development is likely to be limited to the ice zone 
inshore of the stamukhi, our studies emphasized this region (0-30 m) although 
interest in the outer shelf for utilization will necessitate consideration of 
this area in the near future. To date we have learned a great deal about the 
dominating influence of ice on the geologic enviro~~ent. The overall 
character and development of the sea-ice. regime on the shelf is apparently 
controlled by the morphology of the coast and sea bed. The process and ra'tes 
of gouging inside the stamukhi are reasonably understood, however, the 
seasonal distribution of events is unknown. OUr ~nderstanding of sediment 
thickness and distribution is only crudely k~own. our seismic records have 
shown at least two features which may be hazards; unexplained hyperbolic 
reflectors and acoustic anomalies which may be related to ice or gas in near 
surface sediments. Delta front processes have addressed the interaction of 
rivers and the coastal zone with only a partial understanding of the stability 
and potential hazards in this environment. Results from summer suspended 
sediment studies along with near bottom current measurements has helped define 
transport vectors along the coast in summer, although rates, composition and 
seasonality are poorly understood. Morphologic features on the inner part of 
the shelf are very dynamic. Shoals, coastlines and islands are changing, 
although the rates, volumes and timing of change are poorly understood. In 
mo~t aspects of our studies we have found it to our advantage to relate to 
other projects including: Hopkins ;(473), Osterkamp and Harrison (253) Rogers 
(271) Aagaard (91), Naidu (52k9), Shapiro (250), Weeks (88), Stringer (257), 
Carey (6), Broad (356), and Hufford (48). 
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In our work to date each new data gathering and analysis effo1t ~as 
brought to light areas where further research is needed to.define a hqz~rd or 
to understand a process. 'l'he proposed work is primarily a result of I"Jt.lestions 
·rasied by our earlier work. We anticipate that this year's field effcn:t:. will 
~ no different and new problems will be delineated which need to be assessed. 
'l'h.e. proposed work expands or builds on earlier studies either by extending the 
geographic area in which we presently have data or elucidates on a specific 
data set which has brought a potential problem to our attention. Proposed 
research of the first type includes our ice gouge studies, the delineation of 
the ,.boulder patch", and the sediment transport investigations. Our work on 
sediment gasses, fault delineation and the investigation. of fast ice turbidity 
are studies of the second type. 

v. Objectives 

1) Our studies of ice gouging as a potentially hazardous process will be 
continued. A longer time base for evaluating the repetitive rate of ice· 
gouging in different environments and relating this data to ice conditions is 
desirable. We also need to expand this base geographically eastward and 
westward to cover more of the lease area. Further attempts will also be made 
to extend our studies offshore through the stamukhi zone where the most 
intense ice gouge events are expected. 

2) An understanding of the_shelf sediment transport reg~~, including 
ice raf~ing, river effluents, and bottom· reworking by ice and benthos is 
needed to evaluate the impact of offshore development on the environment. 

3) Seismic anomalies in reflection records remain a real potential· 
hazard for offshore construction as their causes are still not understood. 
This summer's fieldwork may shed some light on the problem,·but a systematic 
mapping effort should be undertaken. 

4) The "boulder patch" is a unique area of the sea floor where rich 
fauna and flora thrive. As protecton of the area from certain kinds of · 
development is contemplated, we propose to c~early define the extent and 
boundaries of this feature. 

5) A fault that has been active during the last 12,000 years has been 
found between Prudhoe Bay and Cros·s ·Island. Knowledge of the extent of this 
fault and of the kind of movement that occurred there is necessary. 

6) Knowled'<;e of the stamukhi zone, including processes of ice/bottom 
interaction with shoals, and the origin and stability of the stamukhi shoals 
will lead to an understanding of ice zonation on the shelf. 

7) Evaluation of coastline and barrier island stability as related to 
marine and thermal processes, sediment sources and transport, and man's 
construction of causeways, artificial islands, and ice pads as drill bases. 
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8) ~o delineate in detail the configuration of a pronounced subbottom 
refle~tor cropping out on the shelf landward of Stamukhi.- and Cat Shoals. 
Trackline coverage off Oliktok is inadequate to trace this reflector into 
Harrison Bay. Knowledge of the nature and configuration of this reflector 
will contribute to an understanding of the surfi~!al geology of the shelf, 
important for studies of permafrost, foundation design, and gravel resources. 

9) Continuation of data reduction and preparation of reports. We 
anticipate that some shifts in study emphasis will result as furthe~ knowledge 
from our and other projects becomes available •. 

VI. General Strategy and Approach 

The methods of study will be discussed following the sequence of 
objectives listed above. 

1) The test lines established in 1973, and a new one established off 
cape Halkett in 1977 will be re-surveyed for newly formed gouges. Attempts 
will be made to estab·lish still another line east of Prudhoe Bay in 1978, and 
to monitor this new line along with the others. We will also do detailed 
studies of internal sedimetary structures on several specific gouges using 
SCUBA diving in order to learn more about the physical process of gouging .• 

2} The ice-free conditions of 1977 and large wave regime lead to the 
formation of a considerable thickness of turbid fast ice by inclusion of 
·suspended matter. Many cores of turbid ice were taken over a wide area during 
.:Hay 1978, and these will be analyzed. v1e also propose to use bottom drifters 
to monitor bottom sediment transport, as '"'e have monitored surface water 
transport by surface drifters. 

3} Existing seismic reflection records would be used to map seismic 
·anomaJ~es within the lease sale area, and these maps would serve to show gaps 
to be filled during the summer of 1979 with additionaal tracklines. Mapping 
the anomalies in itself may lead to some insights regarding their nature and 
causes. 

4} As discussed in our diving report on the "boulder patch", side
scanning sonar is not a tool suited for delineating the extent of the 
boulders, probably because of the masking effect of marine growth in the area. 
The Simrad Skipper Sounder, however, reveals the occurrence of marine growth 
by a "mushy" appearance of the bottom reflector. This would be used as a tool 
to define the limits of boulders. 

5} The Raytheon RTT 1000 subbottom records will be obtained along the 
.east-west extensions of the known fault trace. If geologic conditions are 
favorable somewhere along the fault to obtain a better estimate of its age, 
·woul·d use ~Sui table techniques to attempt this. 
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6) ~andsat and Seasat images would be studied for the formation of 
distinct ice features over known shoals, and for evidence of still unknown 
shoals within the stamukhi zone. The R/V Karluk will be used for bathymetric 
and seismic surveys on key shoals, and for sampling and diving support on such 
shoals. 

7) We will continue to monitor changes in coastal configuration and 
water depth that may be related to man's activity, such as construction of the 
new causeway. This monitoring is done in part by re-running precisely 
.controlled bathymetric surveys around such structures. The chain of islands 
bordering Simpson Lagoon experience longshore transport to the west, a. process 
that should deplete the first one of sediment, and extend the last one (Spy 
Island) or build up the sea floor around it. We plan to study volume changes 
around this island by comparative bathymetry (25 yr. interval since the first 
survey) to help understand the sediment source problem for the barrier 
islands. A similar approach will be used on other site-specific studies, in 
order that we may gain knowledge on the stability of sea-floor and shoreline 
morphology. 

8) Several additioal seismic reflection profiles in eastern Harrison Bay 
should serve to fill the gap in our knowledge of the-configuration of the 
outcrop, and grab samples from the zone of outcrops will be collected to 
identify the nature of the outcropping unit. 

VXI. Sampling Methods: 

Temporal and spacial sampling scheme will be dictated by field 
-conditions of ice and logistics .capabilities Sample locat~ons will also be 
delineated on the basis of the analysis of previously obtained data and 
records and on data yet.to be gathered in FY 78. Sampling locations will 
often be determined on the basis of real time profiling, side-scan. sonar, 
SCUBA, TV or other on-site observation too.ls. In general, our sampling 
transects have run perpendicular to the coast. The broad scope of this 
project requires a varied sampling effort. This includes: 

Towed tempera~ure, salinity, transmissivity sensors 
High-resolution seismic equipment 
Side-scan sonar 
Precision fathometer 
Precision navigation system 
SCUBA techniques 
Hand corers 
Grab samplers 
Bottom-plow and strength measuring tools 
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VXIl. Analytical Methods: 

Sample analysis and data reduction will ~nerally follow techniques 
previously used in the study area or which will have general acceptance. 

These are explained in: Barnes, P., Reimnitz, E., 1974, Sedimentary processes 
on arctic shelves of northern coast of Alaska, ~ Proceedings of the Arctic 
Institute of North America Symposium on Beaufort Sea Coast and Shelf Research, 
Arlingt·on, VA., Arctic Inst. Uo. Am. P• 301-353. 

Reimnitz, E., and Barnes, P., 1974, Sea ice as a geologic agent on the Beaufort_ Sea 
shelf of Alaska, ibid, p. 439-467. 

Barnes, P., Reimnitz, E., Drake, D., Toimil, L., 1977, ~~scellaneous hydrologic and 
geologic·observations on the inner Beaufort Sea Shelf, Alaska, u.s. Geol. 
Survey Open~file· Report 77-477, 82p. IX. . 

IX. Deli ve·rable Products: 

A. Digital Data: none 

B. Narrative Reports: 

Reports describing survey and sampling techniques, analytical and 
interpretive methods and summarizing the nature and comprehension of Beaufort 
shelf geologic environment as it might interact with proposed offshore 
development. These would be in the fonn of u.s. Geological Survey Open-file 
reports and journ~l articles. These reports will include: a) discussions of 
ice gouge distributon and evaluation of ice hazards, b) discussions of the 
sedimentary processes on an ice-covered shelf, including the shelf sediment 
transport regime in the form of ice rafting, bottom reworking and resuspension 
~ ice and benthos, for assessing the dispersal of pollutants. c) Reports on 
unique sedimentary environments such as gas-charged sec.i~ents, the "boulder 
patch" and nearsurface faults. 

c. Visual Data: 

Maps and graphs displaying tracklines, ice gouging, the "boulder patchn, 
and other items warranting visual display. 

D. Other Non-digital Data: 

Microfilm of seismic and side-scan data to NGSDC. 

E. Data submission schedule; 

Field sam~ling reports will be submitted within four weeks after 
the termination of the sampling efforts, outlining the data gathered, 
field party, station and trackline location and description of accom
plishments. 

AdditionRl data from analysis and reduction of records and samples 
will be presented in the quarterly and annual reports, 
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x. Quality Assurance· ns: 

The data gathered under this project will be compared and cali
brated either against standard physical measurements (as in the.case 
of the navigation systems and fathometers) or against laboratory 
instruments at ~~nlo Park (as in the case of temperature and salinity). 
Whenever the opportunity arises, intercomparison of our instruments 
will occur in the field with other OCSEAP investigators. 

XI. Special Sample and Voucher Specimen Archival Plans: 

Samples and data collected that should be kept for future refer
ence will be archived and microfilmed and split cores/samples/filters, 
will be stored in Menlo Park by the U.S. Geological Survey. 

XII. Logistics requirements: 

The R/V Karluk and operating personnel will be provided by the 
U.S. Geological Survey. Other required logistics support is detailed 
on the attached forms. 
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LOGISTICS REQUIREMENTS 

Research Unit 205, Fiscal Year·l979 

A. Ship support. 

The operating expenses of the USGS R/V KARLUK are detailed under the 
ship budget section of the integrated proposal. 

~' Aircraft support - Fixed Wing 

:. •. ~. 3, & 4 i Flights 'in the vicinity of Prudhoe Bay and along the coast as far 
~ Cape Halkett o~ the west and Flaxman Island on the east. The flights would 
~ to service navigation beacons, for ice observations for KARLUK operations, 
¥d other additional logistics support ~quirements. We would estimate 
~proximatLy one flight per week of two hours duration during the 8 weeks that. 
\-~ KARLUK is operating- in the Beaufort Sea. 'l'otal flight hours - 26. 

6) W/A 

7) ~ hac! a.C::Ed au:t:cmr<Jbile !latteries are needed to service the 
MVigatio.a si.~a.. 'l'!l:tt: :aa.U'i.gat.ion beacons themselves are less than 20 pounds. 

8} ~~em. t:lle. rattd! :19' sites avaialble, tundra tires or floats 
11oJCuld lle. ~¢.. it. C"ess:n'a: ZC:Ei with floats would be ideal, although in many 
:cases a. ~ w.a:u:Id be. ~te. 

9) ~ ~·-if~!'! ability, reasonable cost, familiar with. our 
cperaticm. .. 

'lUI>)) ~ntl)llm at:. px:s:s:e::nt ~ - estimate $90 -$120 per hour. 
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c. Aircraft Support - Helicopter 

1,2,.3, & 4) Flight$ in the vicinity of Prudhoe Bay and along the coast 
as far west as Cape Halkett and as far east as Flaxman Island.. The flights 
will be to service navigation sites and provide additional support logistics 
for the· XARLUI<; as required. We estimate approximately one flight per week of 
two-hour duration. during the 8 weeks that. the'.KARLUK is operating. in the 
Beaufort Sea - total flight hours - 16. 

5) One 

6) Two lead acid automobile batteries are needed to service the 
navigaton sites along with occasional propane bottles - #150 and 
the:r:mogenerators,. #40. · 

7) Bell Jet Ranger on floats cheapest for weight and flight range 
proposed. 

B) No 

9) Estimate $4 00 

1 0) . Prudhee Bay 

11) Communication with R/V KARLUK will be ~eeded. 

D. Quarters and subsistance support. 

1)Prudhoe Bay, 1979 . 
Early July, 1979 KARLUK mobilization 
Mid July - mid Augu$t, coastline observations 
and navigation support 
Mid august - KARLUK crew trans.fer 
Mld September - KARLUK demobilization 
'l'OTAL 

2) No 

4 men ... 3 days 

1 man 60 days 
3 men 2 days 
4 men - 3 days 

90 man days 

3) $100-150/day based·on per diem and commercial rates. 
E. Special Logistics Problems 

None are anticipated. 
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XIII. Contingency Plan 

If the KA~UK is unavailable for a field effort in 
the suiiUller of 1979, it is anticipated that no field effort would be under
taken. Rather, thj! laboratoxy_and office effort would be intensified on those 
objectives not requiring extensive additional field data. 

XIV. Information Required from Other Investigators:. 

Besults from studies of permafrost, hydrographic and current.meter measure
ments, barrier island and ice dynamics studies will greatly improve the 
usefulness of the proposed wort. We have and will continue to maintain open 
communications with the workers in these·studies. 

xv. Management Plan: 

~e principal investigators will ac~ively lead and supervise the 
proposed work. Using the assistance.of two full-time technicians, they will 
make use of the field and laboratory facilities available at the u.s. 
Geological Survey. Field efforts will take place in the .·summer of 1979. 
During the contract period.samples and records from the FY 78 program will be 
thoroughly worked up to further define the areas and processes to be_ studied 
during the FY 79 field efforts. A-s~maxy of our proposed activities during 
the 1979 fiscal year is shown on the accompanying Activity/Milestone/Data 
Management . chart. · 

XVI. Outlook 

Most of .the information required of us prior to the forthcoming lease 
sale should be in hand at the end of .the period covered by • this proposal• But 
the push seaward.and still farther out on to the ice will.co~tiue after the 
nearshore sale, and raise additional questions. Only some of these presently 
can be anticipated. Furthe:cmore, ongoing work will point .to new·. areas of 
research. Thus the new questions, plus some remaining .ones will add up to a 
considerable amount of work to be done. Some examples follow: 

1) The problem of offshore grave~ resources has not been solved 
adequately. We anticipated that the ~ffshore permafrost studies and our 
vibracoring would supply· more information ·on shelf stratigraphy than it did, 
and that this information together· with our seismic reflection .records would 
.allow us to delineate gravel units ove.r wide regions of the shelf. .More 
drilling is required as a basis for delineating this resource. The USGS_ 
Conseervation Division is preparing for a drilling o,Peratlon within the lease 
area, and the data obtained from this could serve as a basis for further 
geophysical work over specific areas.· 
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2) Ongoing research into gas· in offshore sediments and into the seawater 
on the shelf of the Beaufort Sea is. anticipated to provide data pointing to 
the need for site-specific .studies on gas-charged sediments and gas hydrates 
r~coqnizeable on seismic records, thus requiring further site-specific studies 
using geophysical. techniques and bottom observations. 

' :• ·:. • ,f • ' " ' •• ~ 

. 3) 'l"he problem· of how the .. shoals of· the stamukhi zone ·interact with the · 
ice to control ice zonation will be cri tica·l· to developiilg the ·area seawa~rd of 
the first offshore lease sale. We do not have any firm ideas on how to 
approach this problem, only prel:imiary ·thoughts. Line's drawn on by ·bulldozers 
of· the geophysical· crews operating on the shelf in winter .. are clearly 
identifiable on certain remote images, such as side-looking radar• Similar 
lines drawn over·specific·areas by suitable techniques~ possible with a radar 
refiecti ve liquid applied .. from. a lo'w flyin'q. aircraft',· if monitored by remote 
sensing at given intervals, and redraw after their elimination by snow drift 
and ice deformation, would allow a study of how the ice canopy·intercts with a 
shoal, and how the large ridges form in contact with the bottom• This 
iDformation should be supplemented by side-scan sonar work in the same area 
during the following smmer, to' learn about·the bottom interaction. We would 
be interested in being involved·in.such an undertaking in the future,· but not' 
alone. Ice researchers, and engineers with suitable instrumentation systems, 
should participate and ·perhaps 'lead. the study~ The' study shoUld' also provide' 
'info.rmaton on how future:fi:x:ed platfo:rms would ;behave in simi·lar environments,· 
and on .how they·. might be 'protected.: The winter"from· 1977 to ·1978 would have 
been ideal.:for ·such a study, because there ·was ·no multiyear ;id:e on the shelf 
during the freeze-up, and "some .of the. shoals· in May were marked. by massive 
grounded ridges lacking multiyear ic~. We are wonderng how a canopy· of first
year ice, not nearly thick enough to contac~ the crests of the shoals, focused 
the major ridge building events on the shoals. 

4). There is mounting evidence ·f.or· bottom ·:ice ana groUnd ice occurring at 
·certain times of .. the year.·in the:Beaufort sea. For·example, -we )lave'found 
large kelp fronds;' even :with small attached pebbles. (hold-fast);. in the 
surface layers of the fast ;ice of· the' inner ·shelf du:ring winter coring. · Such· 
kelp has never· been found 'floating ·on the sea during many ye'ars of sea 
experience in the Beaufort Sea, suggestng t.hat bottom ic;e liifted £t to the· - · 
surface during the early. winter.; . ·Such a process would present another means 
of distributing future pollutants. 

5) The problem of •ice gouging.on the ·Outer shelf will require·much work· 
under almost impossible conditions. l'Ve have good reason to believe that · 
modern ice gouging does not stop at 48 mwater depth, as postu.f,~ted.by a 
number of workers. K. Aagaard reported· 1 knot currentS at 1 OC m depth along 
the shelf edge. Such currents are strong enough to transport sand-size 
material. 'l'hus the gouges' we see in those depth zones cannot be several 
thousand years· old. 'l'he proposed use of s~rine tankers ·and bottom-mounted 
discharge and loading facilities at the shelf edge, is still considered a 
viable alternative to·the oil and gas transport problem. Development surely 
will extend beyond the stamukhi zone, and our understanding of geologic 
hazards in those areas is minimal. For example, seismic and fathometer 
records suggest the presence of large slump blocks along the shelf edge, which 
may require specifi~ studies in the future. 
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6) Ongoing developments on the inner shelf, as the constructiort of a 
long causeway and of a large ice pad for support of offshore drilling, and of 
future artificial drilling islands, have their effects on the environment. We 
are interested in monitoring some of the anticipated changes, for what they 
teach about the environment, and for what one may learn about the prevention · 
of adverse effects. · ' · 

we cannot be involved in all of the remaining problems outlined here and 
known to us and presently do not even know enough to even assign priorities of 
what needs to be done first. Because we have large amourits of still. 
undigested data in our files, it might be wise not to do field work after 
1979, particularly if we can not get adequate support for new'research in new 
directions. · ' 

XVII. etandard Statements 

1. Updated Activity/lo'.ilestone/Data Management Charts. will be submitted 
quarterly. 

2. Quarterly reports will be submitted in sufficient time during the 
-contract year to be in OCSEAP hands by the first day of January, July, and 
October, annual reports by April 1. ·The Final ~port will be submitted within 
90days of the termination of the contract. 

3. Where biota are concerned·, all species and higher categories will be 
%epresented by the voucher.specimens that will be preserved, labelled, held, 
.and shipped to an official OCSEAP-designated ·repository in conformity with 
OCSEAP voucher specimen policy. Vouchering will include life history stages 
(e.g., larvae, juveniles, adults) when these a~e used, and sexes where these 
are mo~hologically distinguishable. 

4. At the option of the Project Office the PI is prepared to travel to 
-the Project Office at least twice during the contract year to review project 
status and progress. Such reviews will be scheduled on dates mutually 
satisfactory to both parties. It is understood that costs of the travel and 
per diem for these trips will be borne by the Project Office. 

s. Data will provided in the form and format specified by OCSEAP, 
accompanied by a data documentation fo:rm (NOAA 24-13). 

6. Data will be submitted within 120 days of the completion of a cruise 
or three-month data collection period, unless a written waiver has been 
.%eceived fr0t:1 the Project Office. 

7. Within 10 days of the completion of a cruise or data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23) will be submitted 
to the Project Data Manager. 
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a. Title for all property purchased with OCSEAP funds remains with the 
u.s. Government pending disposition at contract expiraton. New equipment 
purchased will be reported quarterly and inventoried annually. The PI will 
~aintain inventories of all expendable and non-expendable equipment purchased 
with OCSEAP funds. Info:rma,tion will be recorded as sho~ on fo:rm CD-281, 
"Report of' GOverncient Property in Possession of, Contractor'' (copy attached). 
Vpdated'copies of these inventories will be submitted quarterly. 

9. Three (3) copies of all ~nuscripts for publication or presentation 
which pertain to technic~l or scientific material developed under OCSEAP funds 
will be submittec1 to the appropriate Proj~ct Office at least sixty (60} days 
prior to release, for information and for forwardiqg to BLM. The release of 
such material within a period of less than sixty (60} days shall be ~de on~y 
with prior written consent of the Project Office. News releases will first be 
cleared with the appropriate Project Office. 

10. All publications and presentations of ~terial developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 
acknowledgment is standard: 

•This study was supported by the Bureau of ,Land Management through 
interagency agreement with the National Oceanic and Atmospheric 
Administraton, under which a multiyear program responding to needs 
of petroleum development of the Alaskan continental shelf is 
~naged by the Outer Continental Shelf Environmental Assessment 
Prograi:l (OCSEAP) Office." 
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RU 205 Pr: Barnes, Reimnitz 

Activity/Milestone/Data Management Chart 

ReP.ort~ data management and othe~ significant contractural requirements:· 

perioeds of field work 

1978 - 1979 -
Major Milestones 0 N DlJ FjMjA ,M J J" A" s 

Field effort t I X X 

Data reduction and analysis 1978 data " xlx xlxlx X X X X X 

Data reduction and analysis 1979 data I 
Data input 

Report to OCSEAP X X X X 

Workshops X 
I . 

X I 
+ 
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OTHER IttFORMATIQN 

1. The principal investigators will actively lead and supervise 
the proposed work and and will take full responsibility for 
completion of the objectives. 

2. Time commitment of principal investigators: 

Reimnitz - 75\ ice gouging, sedimentary processes, coastal erosion~ 
bathymetry 

.Barnes - 75\ ice gouging, sedimentary processes, coastal erosion, 
oceanography, bathymetry 

3. X8y project personnel: 

The persons listed below are presently working on the project and, 
demonstrate" the qualifications of replac;ements or additions as 
needed: 

Larry Toimil.- M.s. Marine Geology -6 years u.s.G.s. arctic exper
ience, data collection on shipboard and sea ice. Extensive 
analysis of arctic qeolo~ic processes. Thesis on ice gouge 
in Chukchi Sea. Publications. 
Dave McDowell - B.S. Geology, 1 year U.S.G.S. experience data 
analysis and collection. 
Doug Maurer - B.s. Geology, 2 years u.s.G.S. experience - data 
analysis and data collection. 

4. Phone numbers - (415) 323-8111 (To be changed .around Aug. 1, 1978) 

Barnes x-~114 
Reimnitz x-2695 

New number (415) 856-7008 
( 415) 8.56-7004 
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COVER SHEET FORMAT 

. National Oceanic and Atomospheric Adm. 
To: Outer Continental Shelf Environmental 

Assessment Program 
Bering Sea - Gulf of Alaska Project Office 
P.O. Box 1808 
Juneau, Alaska 99802 
Attn: Dr. Herbert .Bruce 

. Proposa 1/Revi s ion Date: --"6"'-/"-'7/'-"7..:::;8 ___ _ 
Contract #: 03-7-022-35128 
NOAA Project#: _-l,!lN/:..:..;A:...._ ______ _ 

Institution ID#: H-GEO-M-44 

FY 1979 RENEWAL PROPOSAL 
Research Unit Number 208 

-...=..:;.;~---

TITLE: ____ Y~uwk~on~D~e~lt~a~Co~a~s~ta~l~P~ro~c~e~ss~e~s~·s~t~u~dv~----------------------------

Cost of Proposal: $ 11,000 Lease Ar~as Norton Sound 100 % 
(If joint proposal, show cost $11,000 % 
for each institution; if more ($ 8,000 FY 79; $3,000 FY 78 carryover) 
than one fiscal year, show 
cost for each year - SEPARATE BUDGET SHEETS ALSO REQUIRED) 
Period of Proposal: October 1, 1978 through September 30, 1979 · 

(If proposal is for other·than this pe~iod, plea~e explain) 

PRINCIPAL INVESTIGATOR(S): 
Name William R. Dupre · Date · 6/7/78 ·. 

Signature -~(.,.~.)~~~0~1/.~·~;..~ .. ::::-·:;Q::.:.{).::· =· ::....:· "'£:::. ·t::a.a.=
1
:..__ 

Address Dept. of Geology, University of Houston 

Telephone Number (713) 149-3710 FTS: ~\1'3 \1<6. 
INSTITUTION (include Department, if appropriate) 

Dept. of Geology. l!njver~i't¥ of Houston Central Campus . 
REQUIRED ORGANIZATION APPROVAL: 

Name Julie I. Norris 

Signatur4"-'~"' J.11.~. 

Position Dir , Ofc of Research Adm. 

Address 4800 Calhoun, Houston, Texas 77004 

Telephone Number (713) 749-3412 
ORGANIZATIONAL FINANCIAL OFFICER: 

Name Dr. John J. Willingham 

Date t.. J,y 73 

Date· to\\3\]~ 

Signature )4 J. {<);/(i"Jk

Position Interim Controller 

Address 4800 Calhoun, Houston? Tx 

Telephone Number (713) 749-2222 

~ :P~i..~ l}tJ~w-

{7004 
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TECHNICAL PROPOSAL 

I. Title: Yukon Delta Coastal Processes Study 
Research Unit Number 208 
Contract Number: 03-7-022~35128 
Proposed Dates of Contract: 10/1/78 - 9/30/79 

II. Principal Investigator: William R. Dupre 

III. Cost of Proposal for F.Y. 79: 

A. Science: 11,000 
B. P.I. provided logistics: 0 
C. Total: $8,000 (FY 79) and $3,000 (FY 78 carryover) 
D. Distribution of Effort by Lease Area: Norton Sound (100%) 

IV. Background 

The combined·Yukon-Kuskokwim delta complex is an area of unique 

·natural re~ources covering over 31,000 square miles. It has a large 

native population living in large part on a subsistence economy. It 

provides access. to most of the spawning areas for salmon in the region. 

It is, in addition, one of the most significant breeding grounds for 

migratory birds in North America. Probably no other area of similar 

size is as critical to so many species of water fowl as is the delta 

region. 

The Yukon River is the 17th largest river in.the world (Lisitzin, 

1972), providing over 90% of the sediment introduced into the Bering 

Sea. Its freshwater ~ischarge is sufficient to noticeably dilute the 

salinity of the Alaska current. Yet for all its importance, relatively 

little is known of the Quaternary history of the region. 

The ancestral Yukon River emptied into the Pacific in the vicinity 

of Cook Inlet during the early Cenozoic. Late Miocene.uplift of the 

Alaska Range resulted.in the diversion of the drainage system into the. 
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Bering Sea, where it has remained to the present (Nelson et al., 1974). 

Gradual submergence during the late Miocene and Pliocene was followed 

during the Pleistocene by repeated gl~ci~eustatic.fluctuation~ of s~a~ 

level. Glacial intervals we~e characterized by emergence of the shallow 

Bering Sea. During this time the major rivers·, including the ·Yukon and 

the Kuskokwim, emptied near th~ heads of major submarine canyons at the 

shelf edge (e.g., Scholl, Buffington et al., 1970; Hopkins, i972). River 

valleys cut into the exposed continental shelf were filled during the most 

recent rise in sea ievel with estuarine and marine sediments (e.g., Moore, 

1964; Creager· & McManus, 1967; Knebel and Creager, 1973).· This was 
I 

apparently accompanied by a general northward ·shift of the Yukon River 

to the-north (Knebel & Creager, 1973; Shepard and Wanless, 1971). 

Geologic mapping in the delta region (e.g.; Hoare, 1961; Hoare and 

Coorad, 1959a, 1959b; Hoare and Condon, 1966, 1968, 197la, 197lb) has 

been largely concerned with defining the pre-Quaternary history of the 

region. Much work has been done on studying the Cenozoic sedimentary 

and tectonic history of the Bering Sea (see summary by Nelson et al., 1974), 

including studies .of the Holocene sediments of the Yukon River at its 

mouth (Matthews, 1973) and on the Bering Sea shelf (McManus' et al., 1974), 

yet this study is the first to deal in detail with the processes and 

events by which the present day Yukon-Kuskokwim delta was· formed. 

V. Objectives 

The overail objective of this project is to provide data on the 

geologic ?rocesses in the Yukon-Kuskokwim delta region in order to better 
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evaluate the potential environmental impacts of oil and gas exploration 

and production in the adjacent Norton Basin. In particular, I plan to 

do. the following.: 

1) Develop an understanding of the morphology, processes 

(including sea ice), and potential hazards along the 

Yukon-Kuskokwim delta shoreline 

2) Determine processes active on the delta plain, including 

their potential hazards and possible effects of man-made 

structures 

3) Map surface geologic units, including a description of their 

physical properties (e.g., depth and stability of permafrost) 

4) Map areas of Quaternary volcanism and faulting and determine 

the relative age of activity of these features 

VI. General Strategy and Approach 

The·basic tenet of this project is that by studying the processes by 

which the present-day delta formed, we may gain insights as to how those 

processes might affect and be affected by proposed offshore drilling and 

related activities in the future. This study emphasizes not only the 

processes (e.g,, flooding, erosion, sedimentation), but also the products 

(e.g., permafrost stratigraphy, textural parameters) as they are fundamental 

in determining the potential environmental impact of increased development in 

the area. 
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A. Sampling Methods: 

The coastline has been divided into units which are characterized 

by similar processes and properties. Ground truth in supporc of this 

classification has been in the establishment of 40 benchmarks (at 

approximately 10 km intervals) where detailed vegetation and sediment 

samples have been collected, in combination with measuring beach profiles. 

These coastal stations were re-occupied in 1978, in order to measure short

term rates of change. 

Historical rates of change are being determined by comparison of 

old bathemetric maps and aerial photos taken in 1950-54, 1975, and 1976. 

In addition, geomorphic criteria are used to evaluate long-term trends as 

well as dominant direction of longshore drift. 

Inland sites are selected to be characteristic of major depositional 

units within the delta region (e.g., natural levees, abandoned channels, 

point bars). Sampling at these sites include short cores, description of 

vegetation, depth to frozen ground, and samples for radiocarbon dating 

where significant. 

Sampling and beach profiling was done in late June and early July 

during spring tides, in order to allow maximum exposure of the near-shore 

zone. In addition, offshore samples were taken at 1 mile intervals up to 

5 miles offshore using a helicopter and bottom sampler, where feasible. 

B. Analytical Methods 

Short cores have been collected at different sites and will be x-rayed 

for sedimentation structures, split, and then analyzed for grain-size 

analysis. Surface samples will also be analyzed for grain size distribution. 
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Both grain size analyses and beach profiles will be formatted using 

NOAA formats.· Selected samples will be analyzed for radiocarbon dating. 

Similarly, some samples have been collected for pollen analysis to aid 

in the interpretation of a 5-1/2 meter core taken from a volcanic lake 

in 1976. 

Patterns of ice movement and deformation are being studied by the 

use of sequential LANDSAT and NOAA (VHRR) satellite imagery, in combination 

with surface synoptic weather maps. 

VII. Deliverable Products 

A. Digital Data: 

Grain size analyses and beach profile data collected through 1978 

will be submitted on punch cards or magnetic tape using standard NOAA 

formats. Computer printouts will be verified against original lab sheets 

and hand-drawn beach profiles to minimize potential errors. Location 

coordinate will be checked against original field maps as well. 

B. Narrative Reports: 

A report (and associated maps) will be submitted which will discuss 

the geologic hazards in the delta region, including those related to 

tectonics, permafrost, and active fluvial and coastal processes. A 

separate report will emphasize coastal geomorphology and sediment transport. 

C. Visual Data: 

Several maps will be submitted with the accompanying narrative reports. 

The maps will include a) geologic map of Yukon-Kuskokwim delta region, 

b) map emphasizing tectonic hazards, c) map of coastal morphology, stability, 

and directions of sediment transport, and d) maps showing patterns of 
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ice movement and deformation. All maps will be submitted on Mylar 

and will be at an appropriate scale approved by the Project Office. 

The PI annual reports will also include Sxll" 

maps at a reduced scale. 

D. Others: N/A 

E. See attached Data Products Schedule 

VIII. Special Sample and Archival Plans 

reductions of the 

Samples collected for textural data (approximately 100-150) will be 

stored in the Geology Department at the University of Houston, as will 

replicate samples collected for radiocarbon dating (approximately 20). 

Approximately 50 core samples will also be stored. Samples collected 

for pollen analysis will be stored by Dr. Thomas Ager, U.S. Geological 

Survey, Reston, Virginia. Aerial photos, original maps, and 35 mm slides, 

as well as field notes, will be on file at the University of Houston. 

IX. Logistics Requirements 

There will be no field work, thereby eliminating logistical requirements. 

X. Anticipated Problems 

None 

XI. Information Required From Other Investigators 

No data are required from other investigators to carry out the 

proposal work. However, there will be an exchange of data with interested 

P.I.s (e.g. Hans Nelson, R.U.429). 
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Da:ta Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

Grain .Size AnaJysis 

Beach Profiles· 

Vegetation 

Radiocarbon Dates 
Ut 
N 
1-' 

Geologic Map 

Media 
(Cards, cod
ing sheets, 
tapes, disks) 

Tape 

Tape 

Report 

Table 

Map 

Coastal Stability Map Map 

Estimated 
Volume 
(Volume of 
processed data) 

100-150 

90-100 

30 

20 

1 

1 

E. DATA PRODUCTS SCHEDULE 

;::OCSEAP .. 
format 
(If known) 

073 

072 

N/A 

N/A 

N/A 

N/A 

. Processing and 
· Formating done 

by ·Project 
(Yes or No) 

yes 

yes 

N/A. 

N/A 

N/A 

N/A 

Collection 
Period 

(Month/Year to Month/Year) 

7/75-8/75; 6/76-::-7 /76; 
7/77-8/77;. 6/78-7/78 

7 /75-8/75; 6/76-7 /76; 
7 /77-8/77; 5/78-7/78. 

7 /75-8/75; 6/76-7/76; 
7/77-8/77; 6/78-7/78 

7 /75-8/75; 6/76-7-76; 
7/77-8/77; 6/78-7/78 

7/75-8/75.; 6/76-7 /76; 
7/77-8/77; 6/78-7/78 

7 /75-8/75; 6/76-7 /76; 
7/77-8/77; 6/78-7/78 

Submission 
(Month/Year) 

9/79 

12/78 

12/78 

6/79 

9/79 

9/79 
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XII. MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

Ru II ___ z_os __ PI: Willia~ R. Dupre 

Major Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 1979 
MAJOR MILESTONES 0 N D J F M A M J J A s 0 N D 

Quarterly Report" X X X X X 

V1 Annual Report X 
N 
N 

Grain Size Analyses and Beach Profiles X 

Final Maps and Reports ·x 

-- ------------------------~-------------... 



XIII. Outlook 

A. The final results. and data products of this project should 

include the following: 

1) Report on the geologic hazards in the delta region, including 

a geologic map, a map of potentially active tectonic features, 

and a map of coastal erosion and sedimentation. 

2) Report on coastal morphology and coastal sediment transport, 

including maps showing direction of sediment transport and 

patterns of. ice movement and deformation in adjacent areas. 

3) Appendices to these reports will include grain-size analyses, 

beach profiles, and descriptions of vegetation assemblages, 

as well as index maps of existing photo coverage (incl. 

35 mm slides). 

B. The appendices will be available April 1, 1979. The final 

report and associated maps will be submitted October 1, 1979. 

C. There is no future work planned at this date, hence no costs 

beyond FY 79. 

D. No purchases of major equipment are anticipated. 

E. No future field work is anticipated, however, more work needs 

to be done on field studies of ice, the effect of storms, and the 

reoccupation of coastal stations on an annual basis. 

F. No logistics requirements are necessary. 
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XIV. A. Updated milestone charts will be submitted quarterly. A 

schedule for processing and analysis of past year's data will be submitted 

to the Project Office upon request~ 

·B •. Quarterly reports will be submitted to the. appropriate Project 

Office during the contract year to be in OCSEAP hands by the first day 

of January, July, and 'October. Annual.Reports are due by April f. The 

Finai Report will be:submitted.wfthin 90 days of. the'~xpiration of the 

contract. 

c. Where biota are concerned, ail species and higher categories 

'will be represented by the voucher specimens· that will be preserved, labeled, 

held, and shipped to an official OCSEAP designated repository in conformity 

with OCSEAP voucher specimen policy. Vouchering will include life history 

stages (e~g., larvae, juveniles, adults) when these are studied~ and sexes 

where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the 

Project Office at least twice during the contract year to review project 

status and progress. Such re~iews'will be scheduled on dates mutually 
' . 

satisfactory to both·parties. ·In addition, the PI may be requested to 

participate in program rev':lew :or synthesis meetings as required. It is 

understood that costs of 'the: travel ~~d per diem-for these trips will 

be borne 'by OCSEAP. 

E. Data 'products will.be submitted to the Project Data Manager in 

the form and format specified in Deliverable Products Section VII, A 

through E.· Digital data submissions will be accompanied by a Data Documenta-

· · tion Form (NOAA Form 24-i3) ~ · 
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F. Digital Data will be submitteq t? the P~oject Data.Manager 

.. within ],20 days of the completerion of a cruise or three month data 
,' ' i 

collection period, unless a written waiver has been received from the 

Project Of~ice •. The NODC Taxonom~c.Code is to b~ used for biological 

data .suqmisf:!ions. 

G. Within 10 days o~ the complet_ion of a cruise or any d~t~ gathering 

effort, a ~OSCOP qat;a collection inventorY,_form (NOAA For 24-33) will 

be submitted to the Project Data Manager. 

a .. Title for all property purchased with OCSEAP funds remains with 

,the U.S. Government pending disposi~ion at contract expiration. All new 

. equipmettt purchased will be reported quarterly and inventoried .. annually. 

The PI will.ma~ptain inventories of all,expendable and nap-expendable 
. . > • • • • • 

equipment purchased with OCSEAP funds~ Information will be recorded on 

Form CD-281, "Report of Governme£lt Property in Possession of Contractor", 

(copy attached). Upd~ted copies, of these inventories will be submitted 

quarterly. 

I. Three (3) copies of all manuscripts for-publication ~r presentation 

which pertain to t~chnica~ or ~cientific ma~eria~ developed under OCSEAP 

funds, w~ll be submitted to the appropri~te,_.Ptoject Office at least sixty 

(60) days prior to release, for information and for forwarding to BLM. 

The release of such material within a period of less than sixty days will 

be made only with prior written consent of the Project Office. News releases 

will first be cleared with the appropriate Project Office. Five copies 

of all reprints which pertain to technic~l .or scientific material developed 

under OCSEAP funds will be submitted to the appropr~ate Project,Office when 

they became available. 
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J. All publications and presentations of material developed under 

OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 

acknowledgment is standard: 

"This study was supported by the Bureau of Land Management through 

interagency agreement with the National Oceanic and Atmospheric 

Administration, under which a multi-year program responding to needs 

of petroleum development of the Alaskan continental shelf is managed 

by the Outer Continental Shelf Environmental Assessment Program 

(OCSEAP) Office." 
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OTHER INFORMATION 

A. Qualifications of Principal Investigator 

B. The principal investigator will be working for the U.S. Geological 

Survey for 5 months during FY 79, however no significant overlaps 

in research are anticipated. 

C. The principal investigator shall actively lead and supervise the 

proposed work, and shall take full responsibility for timely 

completion of all objectives. He will spend 3 months (Jan-March) 

working full time on the project. The next 5 months (April-August) 

will be spent on other USGS projects at Menlo Park, California. The 

last two months will be spent at the University of Houston, during 

which time the reports will be finalized and submitted. 

D. The principal investigator is the only person presently scheduled 

for this project. If assistants are hired, the granting agency will 

,be notified. 

E. Bibliography 

F. Persons authorized to conduct negotiations 

Julianne Kirk, Grants Analyst, (713)749-3412 

Julie T. Norris, Director, Office of Research Administration, (713)749-3412 
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Title: Erosion, deposition. faulting and instability of shelf sediments: 

Eastern Gulf of Alaska TASK RU 212 

Principal Investigators: Bruce F. Molnia and Paul R. Carlson 

Total cost of proposal: $100,000 . 

P~iod of work: October 1, 1978- September 30, 1979 

Institution and department: U.S. Geological Survey, Pacific-Arctic 

· Branch of Marine Geology 

Required signatures 

Principal Investigators 

Name Bruce F. Molnia 

Paul R. Carlson 

Address 345 Middlefield ·Road 

Menlo Park, California 94025 

Telephone Number 467-2804 and 261Z 

Date June 20, 1978 
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Technical Proposal: 

I. Erosion, deposition, faulting and instability of shelf sediments: 
EGA (RU #212) 
1 October 1978 - 30 September 1979 

II. Principal Investigators~ 

Bruce F. Molnia 
Paul R. Carl son 
U~S. Geological Survey 
Menlo Park, CA 94025 

III. Cost of Proposal: 

A. Science : 
B. Logistics : 
c. Total : $100,000 
D. Lease Area: 100% ·will be expended for NEGOA research 
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IV. Background 

This study of geo-hazards on the continental shelf in the NEGOA is being 
coordinated with the following studies~ 1) resource assessment and geologic 
structure studies on the continental shelf by Bruns and Plafker (USGS); 
2) continental geologic mapping and earthquake assessment problems py Plafker, 
Winkler and Hudson (USGS), 3) earthquake monitoring program by LaBr and Stephens 
(USGS) and geohazards studies on the Kodiak shelf by Hampton and Sourna (USGS). 
OUf study (RU 212) will investigate in greater detail critical areas _and proc~sses 
that may create hazards to exploration and development of the OCS, lease sale 
area 55. In order to better understand such problems as sea floor instability, 
excessive erosion and sediment ~ccurnulation near surface gas, and the effects 
of active faulting, additional geophysical and sediment9logical data are needed 
in this area, Previous studies for lease sale 39. have concentrated on.the area 
between Montague Island and Yakutat Bay, For fiscal year 1979., we will expand 
this area to include the lease sale area 55 from 136° to 142°, 

V. Objectives; 

Our objectives in FY 79 are to determine as precisely as possible the 
length, orientation, and displacement of shallow faults; the geometry and 
boundaries of major slumps; the areas of present-day sediment erosion, depo
sition, and bypassing; and the distribution and depth of gas charged sedi-
ments as interpreted from seismic records., The various sedimentary, structural 
and physiographic provinces will be characterized. In addition, elements of 
the Quaternary geologic his.tory of the EGOA-OCS will. be reconstructed to more 
fully understand today~s geologic setting. Data collected in FY 79 will be inte
grated into our existing data base in an effort to couple the newly acquired 
data with previous data so as to characterize and evaluate the study area for 
decision making prior to siting of seafloor installations.in the OCS area. 

VI. General Strategy and Approach; 

The continental shelf of the eastern Gulf of Alaska is a very dynamic en
vironment. Rivers and streams carry vast quantities of glacial silt and clay 
to this shelf, which is affected by strong, longhsore currents, frequent periods 
of high energy storm waves, and occasional seismic sea waves (tsunamis}, 

The stability and maintenance of drilling rigs, production platforms, pipe
lines, and shorelines based facilities are all affected by the erosional and 
depositional hazards of this high energy shelf, (por example, the rapid shore
line retreat and associated spit growth at Icy Bay)_. 

Major earthquakes will occur that may damage installations on the shelf or 
along the coast. Hazards include ground shaking, fault displacement, and tec
tonic warping, and ground failure. Numerous onshore faults (especially the 
Fairweather pault, known to have been active in the past 20 years) have been 
mapped to the shoreline of the Gulf of Alaska. Their offshore distributions 
are incompletely known. It is, therefore, imperative that offshore faults be 
mapped and a determination made regarding magnitude and age of offset .. A related 
hazard is that of ground failure, such as·subrnarine slumps or slides. The thick 
sequences of unconsolidated sediment, some of which contains Methane, which are 
being deposited off rivers (e.g., Alsek Riverl and streams draining this glaciated 
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region are susceptible to· failure caused by earthquakes or by agitation related 
to storm waves, seismic sea waves (tsunamis), and internal waves, Ground 
failure can also result if these water saturated sediments are overloaded by 
continuing deposition or by improperly designed and overloaded man~de structures. 
In order tp make environmentally safe decisions, knowledge is the~efore needed 
about the distribution, thickness, and type of these unconsolidated sediments: 

Field and laboratory work in Jl'Ys 75-78 was designed to gather reconnaissanc'e 
leyel information about the regional environmental geology of the. EGOA, identi~ 
f:tJ.ng general areas of active surface faulting, slope· instability,· and sediment 
erosion and'deposition, as well as to classify the surface and near-surface sedi
ment and·deposition, as well as to classify 'the surface. and near~surface sedi- ' 
ment types. Attention was focused on ocs Lease Area No~ 39, In FY 79, we will 
expand our study to include the· ·entire area of ocs sale 55. A 21 day cruise on 
the R,V. SEA $0UNDER in June or July will conduct a high resolution geophysical 
survey'of lease area 55 designed to compli111ent previous data collected from SURVEYOR. 
Two to three thousand km of data is anticipated. Preliminary tracklines are shown 
in Fig. l. . Side-scan· sonar will be used and site specific investigations wi.ll be 
conducted as time permits. · 

A ten day salllpling cruise on a NOAA ship equiped to handle.core weight stands 
and grab·samplers is requested-to supplement data collection by the SEA 'soUNDER. 
If ship time can not be obtained, then the goals of the.SEA SOUNDER program will 
have to be reevaluated. . 

Current meters ~.o.A,A,l are needed to obtain near bottom current velocities, 
Three are reque~ted, to·be deployed fo:r:: at least two months; 1) offshore of Alsek 
River, 21 on Fairw~ather ground and 3). in Alsek Sea Valley, ··Management of the 
project will be the Office of Marine Geology, Pacific-Arctic ·Branch. Work described 
in this proposal is OCSEAP funded, although principal investigators salaries and 
some ship· costs are being funded by· the u.s·.G.S. 

VII. ' sampling Methods: 

·state of the art high-resolution geophysical equipment (.120 kj sparker, 
uniboom, mini-sparker, 3,5·kHz, side-scan sonarl, bottom· samplers (piston corer, 
box corer, gravity corer'· grab,- dart ... corerl, visual format instrumentation, (under
water TV and still photography}., and navigation (Miniranger and Loran· C) will 
be used for. our program of about three weeks of shipboard operations during the 
summer of 1979. Reconnaissance track lines will be extended into the new area 
east of Yakutat Sea Valley (.lease area 551 where. seismic and side-scan sonar 
surveys will be used to complement the 1975.-1978 data and complete the regional· 
picture. 

VIII. Analytical Methods; 

· The geophysical records will be analyzed by standard methods, whereby 
slumps and shallow faults are identified by discontinuity of reflectors and' 
by characteristic geometry, and seismic stratigraphic units are correlated by 
their continuity and .seismic-reflection signature. The sediment cores will 
be studied megascopically and microscopically in order to classify sedimentary 
units and to gather data for deciphering dispersal patterns,· ·Cores will be 
x-radiographed for study of in~ernal structures that provide inferences as to 
depositional mechanics and, post-depositional disturbance. Geotechnical index 
properties such as water content, vane shear strength, Atterberg limist, and 
bulk density will be measured, In addition, grain size and mineralogy will be used 
to determine provenance and sediment pathways. 
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Tentative track lines and sample stations. 
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IX. Deliverable Products; 

A. Digital Data: grain size analyses. 

B, Narrative Reports: 
Survey and sampling- -techniques, analytica-l and 
interpretative methods, and data interpretations 
of hazards and processes on the NEGOA continental 
shelf and upper slope. 

The reports will be issued as: 

c. Visual Data; 

Quarterly reports, 
USGS open-file reports, 
Presentations at scientific meetings, 
Papers in scientific journals 

l, Maps of surface and near-:surface faults indicating apparent 
recency of movement, where de.tectable. 

2. Maps of existing and potential slumps and other unstable 
sediment masses, indicating present relative stability, where 
discernable, 

3, Isopach maps of unconsolidated sediment. 

4. Maps summarizing sediment grain size properties. 

5. Geologic cross-sections of potentially unstable sediment masses, 
where sufficient data are available, 

6. Maps showing areas of severe erosion, deposition, and large
scale bedform movement, where discernable. 

7, Maps showing the distribution, of gas-charged sediments, plus 
any identifiable oil and gas seeps, 

8. Bathymetric map of area. 

9. Geologic map.of surficial units. 

D. Other Data: Sub-bottom profiles, fathograms, side-scan sonar records, _ 
and associated navigation will be submitted for inclusion in the OCSEAP 
data base, This will include navigation log and trackline map annotated 
for accuracy. 

E. Data Submission Schedule.; 

Data collected during the·FY 7~ field season will Qe submitted as soon 
as practical after termination of the cruise. At least preliminary maps 
of the hazards (slumps, faults, areas of gas-charged sedimen~will be sub
mitted before January 1980, 

ROSCOPS will be submitted immediately after each cruise. 

Additional data from analyses of records,·samples and observations 
will be presented in quarterly reports and other reports - see VII-B. 
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x. QUALITY ASSURANCE INFORMATION FOR 
GEOPHYSICAL, OCEANOGRAPHIC AND LABORATORY 

INSTRUMENTATION CITED IN OCSEAP WORK 

SHIPBOARD EQUIPMENT 

I. Acoustic Systems 

1) 160 kj sparker (30-150 hz) system for intermediate resolution and 

penetration seismic-reflection profiling. (See Table 1) 

2) 800 j minispa1ker system (1-3 Khz) for pigh-resolution seismic-

reflection profiling. (See Table 1) 

3) Uniboom (0.7-1.5 Khz) system for high-resolution seismic-reflection 

profiling. (See Table 1) 

4) 3.5 Khz system with signal correlator for very high-resolution seismic-

reflectio~ profiling. (See Table 1) 

5) 12 Khz system for bathymetric profi~ing. (See Table 1) 

6) Side-scan sonar system for lateral surface profiling. (See Table 1) 

II. Navigation System 

1) Integrated satellite and Loran C receivers with speed log and gyro 

compass inputs controlled by. minicomputer. (See Table 2) 

2) Miniranger radio navigation system for precision near-shore controls 

(~ 100 km), also integrated into basic system. (See Table 2) 

III. Remote Sensors 

1) Transmissometer for measuring suspended sediment concentration. 

(See Table 3) 

2) Savonius-rotor current meter. (See Table 3) 

3) Expendable bathythermograph for measuring temperature versus water 

depth. (See Table 3) 
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4) Thermosalinograph for measuring salinities and temperatures of the 

surface waters. (See Table 3) 

Table 1 - Resolution of Seismic System 

Sparker 

Uniboom 

Minis parker 

· 3.5 Khz 

12Khz 

·side - Scan sonar 

Approx. Peak 
Frequency 

100 Hz 

1.5 Khz 

2.0 Khz 

3~5 Khz 

Range of Minimum 
Resolution (in m)* 

3.2 to 11.2 

0.25 to 0.75 

0.18 to 0.56 

0.1 to 0.3 

Sediment/water interface 

Sediment/water interface 

* Moore (1972 states that the minimum resolution of a seismic system is 

between 0. 25 and 0. 75 of the wave length of the peak (dominant) frequency. 

Table 2 - Resoluti~n of Navigation System* 

Integrated Satellite and Loran C (rho - rho) 

Long - course offset + 0.0789 .km 

Cross - course offset + 0.0891 km 

Radial orfset + 0.1341 km 

* Average of 25 updated satellite fixes and computed versus the Loran C 

rho - rho position. 

Miniranger Accuracy + 3 m 
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Sedimentological Laboratory 

I. General 

1) PDP-11/34 computer serving as controller for several anal~ical devices. 

Used to store analyzed data and interface with the.main U.S.G.S. 

computer. 

2) X-radiography units (two) for analyzing sedimentary structures in core 

samples. In addition, a track-mounted X-radiography unit is 

available for making continuous strip films of cores. 

II. Particle Size Analysis 

1) Three rapid sediment analyzers (height: 2.3 m; diameter: 20 em) to 

measure grain-size distribution in the range of 2000 to 64 microns; 

fall velocities measured by a semi-conductor strain-gauge element. 

(See Table 4) 

2) Coulter Counter for anaiysis of fine-grained sediments in the size 

range 2 to 64 microns. (See Table 4) 

3) Hydrophotometer for analysis of fine-grained sediments in the size 

range 2 to 64 microns by measuring changes in light transmission. 

(See Table 4) 

III. Mineral and Chemical Analysis 

1) LECO Carbon Analyzer - automatic analysis of total and organic carbon 

concentrations in sediments. (See Table 4) 

2) Carbonate Determiner for measuring the amount of calcium carbonate in 

marine sediments. (Attached to LECO Unit) (See Table 4) 

3) Scanning Electron Microscope (a Mini-SEM) having a capability for 

magnifications up to 40,000 X for viewing, identifying and 

photographing particulate matter. 
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Table 3 - Resolution and Precision of Miscellaneous Gear 

Transmissometer: 

Calibration: Calibrated to 85\ transmission with cleaned·. 

windows in air. (per manual). 

Precision: Data are taken both going down and up. 

Precision .:!:. 2% Accuracy + 2% 

Current Meter (profiling) 

XBT 

Calibration: Manufacturer calibrates each year prior to field 

. season. Bench t'ested in Lab • 

Precision: nata are taken both going down and up. 

Precision .:!:. ·5% full scale; Accuracy .:!:. 3 em/sec . 

+ 5° direction 

Calibration: Calibrated with test canister and box approximately 

every other day. 

Precision + 0.1° C; Accuracy + 0.1~ C 

Thermosalinograph 

Calibration: Calibrated by manufacturer. 

Precision: Temp. + 0.1° C Sal + 0.1 o/oo 

Accuracy Temp. + 0.1° C Sal + 0.1 o/oo 
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Table 4 - Resolution and Procedures for Analytical 
Equipment Shorebased 

Rapid Sediment Analyzers 

Calibration; System is calibrated using glass spheres. 

Precision: One out of every four analyses is replicated 

+ 5\ precision and accuracy of + 5% 2000 to 63 um 

Coulter Counter: Not used for present OCSEAPS programs. 

Hydro photometer 

Calibration: System is calibrated using distilled water for 

100% transmission. 

Precision: One out of every six analyses is replicated 

+ 10% precision and accuracy of + l% 63 to Z um 

LECO Carbon Ailalyser 

Calibration: System is calibrated using LECO - provided 

calibrated carbon rings. In addition: 

a) The combustion tube is cleaned every 15 runs. 

b) The dust trap is changed every 30 runs. 

c) The anhydron filters are changed every four 

hours of running time. 

Precision: A standard is run every 30 runs and each sample is run 

twice and the values averaged. 

+ 2% precision and accuracy + l% full range. 
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XI. Archival Plans: USGS will archive samples. 

XII. Logistics Requirements: See attached form •. 

XIII. Contingency Plan: In case of bad weather, we will adjust oqr schedule 
to work in the bays (Icy, Yakutat, Lituya, Cross Sound) where onshore, 
treatment facilities may be planned. 

XI~ Information Required from other investigators: none, 

· .. 
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I LOGISTIC!S Rt:QUiltt:~mN·rs 

Please !ill in· all spaces or imlicntc not aJlplic<tblc (N/A). UsC! etsld ltional 
sheets as necessary. Budt~ct Unc items conccrninr. l o~~ir.tfcs should he }.eyed 
to the relevant item described on thc~c forms. 

INSTirtlTION _USGS ___ __:_ __ _ PRINCIPAL 11\VESTIGATOR Mo 1 ni a/Carl son 

A. SHIP SUPPORT We re~est the DISCOVERER· 

1. Delineate proposed tracks and/or sampling grids, by leg, on a chart of the nrc< 
Include a list of proposed station geographic l)ositions. 

See enclosed map. 

2. Describe types of observations to be made on tracks and/or at cacl1 g1:id st~1t:i01 
Include a description of shipboard sampling ope. rations •. Be as specific and cor. 
prehensive as possible. Gravity coring where possible - otherwise grab sampling 
of· seafloor ~~d~~~~s. ----- ----------------------------------------------------------

3. lfuat is tbe optimum time chronology of observations on a leg and seasonal l><•si: 
and uhat is the maximum allo; ... able departure from these optimum times? (Key to 
chart prepared under Item 1 \-rhen necessary for clarification.) 

Summer 1979 (June - August.) • 

4. How many sea days arc required for each lcr,? (Assume vessel cruising speed or 
14 knots for NoM· vessels. Do not include rutmi.ng time from port to beginning 
point and from end point to port and do not include.a , ... eath!H' factor.) 10 days. 

S. Do you consider your investigation to be the principal one for the operation tl 
requiring other activities to piggyback or could you piggyback? Yes - ours will be 
principal' study, 
Approximately how many vessel hours per day will be required for your obscrvat 
and must these bours be during daylight? Include an estimate of sampling-time 
station and sample processing time between stations. 24 hrs./day, 1-2 hrs. on 
station and 1/2 hrs. sample processing time. 

6. What equipment and personnel would you expect the-ship to provide? 

Winch and operator, gravity corer and grab sampler, 3.5 kHz seismic system & E.T. 

7.. 'What. is the approxhna'te weight and volume Clf cqllip~:~ant· you \~ill bring? 
1000 kg and 8m3, 

8. \~ill your detta or cqui]lment require special handling? 
describe. Winch able to pull 10,000 kg. 
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XV. Management Plan: 

The principal investigators shall actively lead and supervise the 
proposed work. We will be assisted by two full-time technician~ and will 
make use of laboratory and data-analysis facilities avili1able -af the USGS. 

XVI. Out~ook 

We anticipate a minimum of two additional years of. work. would be 
necessary to complete eval.uations of faulting, slumping and. sediment dynamics 
for-·the OCS area. Specific site investigations would be in addition to the 
above. The intensity of the effort would determine cost. No major ne~ items 

. are required. 
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!fH.r.::i'.i:UME CHAR'£ 

0 - Planned Complati~~nte 

X - Actual Completion Date 

RU 1J 212 PI: Molnia - Carlson ------
Hajor Milestones: Reportingt data management and other significo.nt 
contractual requirements; peripds of field llork; workshops; etc. 

1978 1979 
·MAJOR MILES'!'m:ES 0 N D J F ~~ A M 

SEASOUNDER Cruise 

ROSCOP 11 

rl GSA Paper Presentation - -
AGU Paper Presentation 

- - - -
Quarterly Report X 

Final Report 

=J Analysis of Seismic data 
- --- -

Sample Analyses 

Maps generated 

-
-

-
- i--- - - --- -

: -,- . __ , ______ , __ 

J J A s '. 0 

X X 

0 

X 

- -
X X 

-

1--
-

I 

-

I -

N 

0 

-

--1980 
D .·P' F M A M 

I 

0 

0 

0 

0 



XVII. Standard Statement 

A, Updated milestone charts will be submitted quarterly. A schedule 
for processing and analysis of past year's data will be submitted 
to the Project Office upon request.· 

B~ Quarterly Reports will be submitted to the appropriate Project 
Off~ce during the contract by the first day of January, July, and 
OctOber, Annual Reports by April 1. The final Report will be sub
mitted within 90 days of the expiration of the contract. 

~. Where biota are concerned, all species and higher categories will 
be presented by the voucher specimens that will be preserved, labeled, 
held,. and shipped to an official bCSEAP-designated repository in· con
formity with.OCSEAP voucher spec~men polic~. 

D. At the option of the Project Office the PI is prepared to travel to 
the Project Office at least twice during the contract year to review · 
project status and progress. Such reviews will ·be scheduled on dates 
mutually satisfactory to both parties.· · It· -is understood that costs 
of the.travel and per diem for these trips will be borne by the 
Project Office. 

E. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation form (NOAA 24~13) . 

F. Within 10 days of the completion of a cruise or any da:ta gathering 
effort, a ROSCOP data collection inventory form. (NOAA 24-23) will be 
submitted to the Project Data Manager. 

G. Title for all proper.ty purchased with OCSEAP funds remains with the 
u.s. Government pending disposition at contract expiration. -New 
equipment purchased will be reported quarterly and inventoried annually. 
The PI ·will maintain inventories of all expendable and non-expendable 
equipment purchased with OCSEAP funds, ' Information will be. recorded 
as shown on form CD-281, ~Report of Government Property in Possession 
of Contractor" (copy a.ttached). Updated copies of these inventories 
will be submitted•quarterly. 

H. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or sci:entific material developed under 
OCSEAP funds will ·be submitted to the appropriate Project Office 
at least sixty (60) days prior to release, for information and for 
forwarding to BLM, The release of.such material within a period of 
less than sixty.(60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared with the 
appropriate Project Office. 

I, All ptiQlications and pre~entations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship:. 
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 

Outer Continental Shelf Environmental 
Assessment Program 
Bering Sea-Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

RFx41-212-2559 

:rn o . . ·:r • . 
J 5.1.1 4 1 j;;o, ; 

TO Rudolf J. Engelmann, Director 

THRU 

FROM 

SUBJ 

REFS 

OCSEAP - Alaska Program Office, Boulder 

Boulder 

OCSEAP Research Unit 212. 

(1) Juneau Project Office Ltr to Drs. Molnia and Carlson requesting 
renewal proposal dated June 3, 1978 (enclosed). 
(2) Original,Proposal dated June 24, 1978 (enclosed). 
(3) Copy of project office internal comments on proposal (enclosed). 
(4) Juneau Project Office Ltr to Drs. Nolnia and Carlson reqUesting 
revision to proposal dated October 25, 1978 (enclosed). 
(5) Revised renewal proposal, dated January 25, 1979 (enclosed). 

Required Acceptance Letter for RU 212 
Drs. Holnia and Carlson 

The enclosed revised FY 79 renewal proposal (p. 1- 21), entitled "Erosion, 
Deposition, Faulting, and Instability of Shelf Sediments: Eastern Gulf of 
Alaska", has been reviewed by the Juneau Project Office and judged acceptable 
at the funding level of $110,000 (includes 10,000 for USGS overhead @ 10%. 
Please send an acceptance letter to Drs. Holnia and Carlson and initiate 
funding procedures for this amount. 

Enclosures: refs. 1- 5 (above). 
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BIOLOGY OF THE HARBOR SEAL, PHOCA VITULINA RICHARDI, 

IN THE GULF OF ALASKA 

OCSEAP RESEARCH UNIT #229 

Contract Number - #03-5-022-69 

Principal Investigators 

Kenneth W. Pitcher 

Donald G. Calkins 

Alaska Department of Fish and Game 

Division of Game 

Period of Performance: . 1 October 1978 - 30 September 1979 

Total Cost - $51,528 

NEGOA 17,004 

LCI 

Kodiak 

8,760 

25,764 

Date of Proposal - 5 June 1978 
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Contract Number: #03-5-022-69 

Proposed Dates of Contract: 1 October 1978 to 30 September 1979 

II. Principal Investigators: Kenneth W. Pitcher 

Donald G. Calkins 

III. Cost of Proposal: 

I .. 
' 

A. Science - $51,528 

B. . P.r. Provided Logistics - 0 

c. Total - $51,528 ,,. 
D. Distribution of effort by lease area 

NEGOA 33% 

Lower Cook Inlet 17% 

Kodiak 50% 

:I ,. 

IV •. Background: This proposal is a request for funding to complete 

specimen processing, data compilation and analysis and to prepare a 

final report on harbor seal studies conducted in the Gulf of Alaska 

during the past three years. Basic objectives of these studies 

,. I :. have been to obta~n information on growth, physical condition, 

reproduction, prey utilization, distribution and location of "critical" 

habitats. During the current field season (FY 78) baseline data on 

population abundance are being collected in all three lease areas 

in the Gulf of Alaska with the most intensive work being condu~ted 

on Tugidak Island. Other expected products of the Tugidak work 
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include activity data, particularly haul out patterns, movements and 

haul out area fidelity. Information on the effects of disturbance on 

groups of hauled out harbor seals is also being collected. 

V. Objectives: The overall objective for FY 79 is to prepare a comprehensive 

final report on all harbor seal work conducted with OCSEAP support 

in the Gulf of Alaska. Emphasis will be placed on findings which 

relate to potential impacts of OCS development on harbor seal 

populations. 

VI. Strategy and Approach: A considerable backlog of specimen materials 

from collected animals is expected to accumulate by the beginning 

of FY 1979 as a nearly continuous field program is planned for the 

remainder of this contract period. Therefore the first three 

months of FY 79 will be devoted to laboratory activities i.e. tooth 

sectioning for age determination, analysis of reproductive tracts 

and processing of stomach and intestinal contents. Submission of 

the resulting data to the OCSEAP data management system will require 

one month after completion of specimen processing. Analysis of 

data should be completed by early June and the resulting final 

report completed by the end of the contract period, i.e. 30 September 

1979. 
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VII. Deliverable Products; 

A. Digital Data 

Collection Location Ovary/Corpora lutea 

Date/Time Corpora albicantia 

Habitat. Fol;I.·icles 

Behavior Number of Uterine Scars 

NODC Taxonomic Code Sperm Determination 

Sex Baculum/Testes Measurements 

Activity Weight and Volume Food Contents 

Measurements/Weights Stomach Content Species 

_Age/Age Determination NODC Taxonomic Code . 

. Reproductive Status Life History Code 

Number of Fetuses Mi~c. Stomach Contents 

Number/Volume/Weight of ·Mean/Maximum/Minimum 

Identified Items Length of Identified Items 

Digestive Organ 

B. A final narrative report will be_ prepared covering all research 

conducted under RU 22~. Sections of the report will include: 

rational of the research, prior knowledge, methods of research, 

growth, physic?l condition, age of sexual maturity, age specific 

reproductive rates, seasonal reproductive activity, food 

habits, haul out patterns, haul out area fi~elity, individual 

movements, effects of disturbance on hauled animals·, locations 

of animal concentrations and "critical" habitats and baseline 

data from trend count areas. 
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C. Visual displays will include maps of the study area 

and collection locations with appropriate mylar 

overlays, maps illustrating harbor seal concentrations, 

tables presenting reproductive and food habit data, 

and figures showing growth and condition patterns. 

Haul out patterns of individual radio-tagged seals 

will be presented in figures. 

VIII. 

A. Updated milestone charts will be submitted quarterly. A 

schedule for processing and analysis of past year's data will 

be submitted to ,the Project Office upon request. 

B. The Final Report will be submitted within 90 days of the 

expiration of the contract. 

C. Where biota are concerned, all species and higher categories 

will be represented by the voucher specimens that will be 

preserved, labeled, held, and shipped to an official OCSEAP 

designated repository in conformity with OCSEAP voucher specimen 

policy. Vouchering will include life history stages (e.g., 

larvae, juveniles, adults) when these are studies, and sexes 

where these are morphologically distinguishable. 

D. At the option of OCESAP, the PI is prepared to travel to the 

Project Office at least twice during the contract year to 

review project status and progress. Such reviews will be 

scheduled on dates mutally satisfactory to both parties. In 
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addition, the PI may be requested to participate in program 

review or synthesis meetings as required. It is understood 

that costs of the travel and per diem for these trips will be 

borne by OCSEAP. 

E. Dat'a products will be. submitted to th'e Project Data Manager in 

the form and format specified in Deliverable Products Section 

VII, A thru E. Digital·data submissions will be accompanied' 

by a Date Documentation Form (NOAA Form 24-13). 

F. Digit:al Data 'will b'e submitted to the Project Data Manager 

within 120 days of the completion of a cruise or three month 

data collection period, unless a written waiver has been 

received from the Project Office. The NODC Taxonomic Code is 

to be used for biological data submissions. 

G. Within 10 days of the completion of a cruise or any data 

gathering effort, a ROSCOP data collection inventory form 

(NOAA For 24-23) will be submitted to the Project Data Manager. 

H. Title for all property·purchased with OCSEAP funds remains 

with the U.S. Government pend1ng disposition at contract 

expiration. All·new equipment purchased will be reported 

. ' 

quarterly and inventoried annually. The PI will maintain 

inventories of all expendable and non-expendable equipment 

purchased with OCSEAP funds. Information lvill be recorded on 

Form CD-281, "Report of Government Property in Possession of 

Contractor", (copy attached.) Updated copies of these inventories 

will be submitted quarterly. 

552 



I. Three (3) copies of all manuscripts for publication or presentation 

which pertain to technical or scientific material developed 

under OCSEAP funds, will be submitted to the appropriate 

Project Office at least sixty (60) days prior t:o release, for 

information and for forwarding to BLM. The release of such 

material within a period of less than sixty ~ays ~~11 be made 

only with prior written consent of the Pr<>,ject Office. News 

releases will first be cleared with the appropriate Project 

Office. Five copies of all reprints which perta;tn .. to technical 

or scientific material developed under OCSEAP funds will be 

submitted to the appropriate Project Office when they become 

available. 

J. All publications and presentations of material developed under 

OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The 

following acknowledgment is standard: 

"This study was supported by the Bureau of Land Nanagement 

through interagency agre_ement with the National Oceanic and 

Atmospheric Administration, under w·hich a multi-year program 

responding to ~eeds of petroleum development of the Alaskan 

continental shelf is managed by the Outer Continental Shelf 

Environmental Assessment Program (OCSEAP) Office." 
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MILESTONE CHA..'l\T 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU ii _..::2..:.19~-- PI: Pitcher 

1-faj or Hiles tones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

t~J~~ MILESTONES 

Data Submission 

Data Analysis 

Submission Final Report 

1978 
0 N D 

1979 
J F M A M J J A S 0 N D 

0 

0 

0 

0 
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DEPARTMENT OF FISH AND GAME 

August 22, 1978 

Dr. Herbert E. Bruce 
OCSEAP, Juneau Project Office 
P.O. Box.l808 
Juneau, Alaska 99802 

Dear Dr. Bruce: 

JAYS. HAMIIOIIO, 601/ERIIOR 

DJRASPBERRY ROAD 
ANCHORAGE IHI1 

Following are the requested changes and additions for the FY79 proposal 
to prepare a final report for RU 229--Biology of the Harbor Seal, Phooa 
vitutina riohardi, in the Gulf of Alaska. 

Qualifications of Proposers 

Dennis McAllister is. a Fish and Game Technician with the Alaska Department 
of Fish and Game. He has worked on the OCSEAP harbor seal and Steller 
sea lion projects for about 15 months. His primary duties and responsibilities 
have included data management, laboratory tasks including sorting of 
stomach contents and histological preparations of tooth sections for age 
determination, participation in collections and radio telemetry activities. 
His duties have also included data tabulation and the preliminary stages 
of data analysis. 

I 

IV. Background: From November 1975 through 15 August 1978, 337 harbor 
seals were collected in the NEGOA, WEGOA and LCI lease areas in the 
Gulf of Alaska. An additional 15-25 animals are scheduled to be 
taken in August and September 1978. From these collected animals, 
a.series of physical measurements and specimen materials have been 
taken which are the basis of investigations on reproduction, growth, 
physical condition and food habits. 

During the summers of 1976 and 1978 observational studies of harbor 
seals were conducted on Tugidak Island. The goals of these projects 
were.to determine the progression and ti~ing of important life 
history events and their apparent effect on harbor seals. Repetitive 
counts were made at the primary hauling area in order to provide a 
baseline for population abundance. In 1978, radio tracking studies 
were conducted to collect information on individual movements, 
population discretness and activity patterns. 

During all field work observations of harbor seal concentrations 
have been recorded to gain insight irito the relative abundance and 

555 



,, 

'I 

.i 
I 

:I 
I 
' 

v. 

Dr. Herbert Br· -2- August 22, 1978 

distribution of harbor seals in the Gulf of Alaska. 

Objectives: Basic objectives of the research applicable to all 
three lease areas in the Gulf of Alaska have included: (1) investigation 
of food habits and identification of important prey species, (2) examination 
of growth and physical condition and (3) examination of reproductive 
biology with emphasis on determining timing of reproductive events, 
determination of age of sexual maturity and estimation of pregnancy 
rates. Peripheral objectives, pertinent to all lease areas, have 
been to collect information.on distribution, use of critical habitats, 
effects of disturbance, population composition and collection of 
specimen materials for disease and environmental pollutant analyses. 

Intensive site specific studies have been conducted on Tugidak 
Island in the WEGOA lease area. l~ile these studies were conducted 
exclusively in the Kodiak area, portions of the results are expected 
to have relevance to other populations. Objectives of this work 
were examination of: activity patterns, individual movements, 
population discretness and formation of a baseline to monitor 
population levels. 

VI. Strategy and Approach: The proposed format for the final report 
centers around a detailed life history of harbor seals in the Gulf 
of Alaska based on data collected during this study and on information 
previously presented in the scientific literature. Proposed sections 
of the report will include: Pupping, Lactation and Weaning, Ovulation 
and Breeding, Delay of Implantation, Female Age of Sexual Maturity, 
Age Specific Pregnancy Rates, Reproductive Failures, Sexual Maturity 
in Males, Seasonal Spermatogenetic Activity, Fetal Growth, Postnatal 
Growth, Physical Condition, Food Habits, Ha~bor Seal Concentrations, 
Haul-out Activity Patterns, Individual Hovements, "Critical Habitats", 
Effects of Disturbance, Potential Effects of OCS Oil and Game 
Development on Harbor Seals in the Gulf of Alaska and Recommendations. 

Statistical qualifications of the data will be provided when feasible 
in the form of confidence limits. Standard statistical tests 
primarily the students T test, chi square test, analysis of variance 
and linear regression analysis will be used to analyze the data and 
test for differences between "populations". 

VII. Sampling Hethods 

1. Harbor seals were collected systematically from different 
areas and habitat types throughout the year. This was done in 
order to detect variations in food habits with season, area 
and habitat type. 

2. Weights and standard measurements were taken from each collected 
animal including: total weight, standard length, curvilinear 
length, axillary girth, hind flipper length and blubber thickness. 
These data were collected to establish growth rates, seasonal 
condition patterns and·assist in making calculations. of 
biomass. 
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Dr. Herbert Bruce -3- August 22, 1978 

3. Age determinations were made; This was done by decalcifying a 
canine tooth from each animal, using a microtome to produce 
thin sections, staining the sections with hematoxylin and 
counting the annual growth rings with the· aid of a microscope. 

4: The ovaries and uterus were taken from each'female seal and 
preserved in formalin •. Presence or. absence of a conceptus in 
the uterus was determined using standard laboratory techniques 

·for. reproductive analysis and a partial' reproductive history 
was reconstructed by examination of ovarian structures. 

s~ Testes and epididymides from each male seal were collected and 
preserved. A microscopic examination ~as made of epididymal 
fluid to ·determine whether sperm were present or not. 

6. Stomach contents from each seal were preserved in formalin. 
Weights and volumes were determined for all :contents. Identifications 
·of prey species were made·by examination of tecognizable 
individuals and skeletal·materials of·diagnostic value.· 
Frequency of occurrence and numbers of individual prey species 
were determined. 

7. Tissue samples were collected ·and frozen so that baseline 
levels of heavy·metals, pesticide residues·and·hydrocarbons 
can be determined. 

8. Observations of harbor seals are'recorded during collecting 
cr-uises and' du:dng aerial surveys conducted by persOnJ:).el· of 
other marine mammal projects in the Gulf of Alaska. These 
data are being compiled and wfll eventually'be of value! in 
delineating areas with high harbor seal concentrations, patterns 
of seasonal distribution and c'ritical habitat. · 

9. From May to September 1976 a field camp was established on 
Tugidak Island. Periodic censuses were conduc·ted. Instances 
of disturbance, both man related and riatural were recorded 
along with their apparent effect on the seals. The ;progression 
of life history events i.e. birth, ·lactation; weaning and 
molting were documented. 

10. From April to September 1978 another field camp was manned on 
Tugidak Island. In addition to activities detailed above 
radio transmitters were placed on 36 harbor seals and their 
frequency of hauling monitored on the island. In addition, 
periodic aerial radio tracking surveys we~e flown ·along the 
coast of the Kodiak Archipelago, Chirikof Island, Semidi 
Islands and portions of the Pacific coast·of the Alaska Peninsula 
to evaluate the extent of movement away from the p1ace of 
capture. 

VIII. Deliverable Products: The following ·parameters will be submitted 
where appropriate for all collected·harbor seals. File ·type 025 
was designed for several species and for several research units and 
not all parameters are appropriate for this project. 
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Dr. Herbert Bruce 

Record Type 1 - Location 
Latitude/Longitude 
Date/Time of Collection 
Habitat/Behavior Codes 

Record Type 2 - Physical 1 
Taxonomic Code 
Sub Species/Sex Code 
Accompanied by Pup 
Mammal Lactating/Sunk 
Group Size 
Curvilinear Length 
Axillary Grith 

-4-

Hind Flipper Length/Width 

Record Type 3 - Physical 2 
Blubber Thickness 
Gross Weight/Standard Length 

Record Type 4 - Age-Reproductive-Male 
Age/Age Unit Code 
Age Dermination/Accuracy Code 
Baculum Length/Weight 
Testes Volume/Length/Width 

August 22, 1978 

Presence of Sperm/Sperm Method of Determination 

Record Type 5 - Age-Reproductive-Female 
Age/Age Unit Code 
Age Determination/Accuracy Code 
Reproductive Status/Condition Code 
Number of Fetuses 
Ovary Height 
Number of Corpora Lutea 
Diameter of Largest Corpora Lutea 
Number/Diameter of Corpora Albicantia 
Number/Diameter of Follicle 
Number of Uterine Scars 

Record Type 6 - Stomach Contents 
Total Volume of Contents 

Record Type 7 - Stomach Content Species 
Taxonomic Code 
Life History Code 
Miscellaneous 
Number/Volume of Items Identified 
Mean/Maximum/Minimum Length 
Digestive Organ Code 

Record Type 8 - Text 
Text 
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Dr. Herbert Bruce -5- August 22, 1978 

VIII.B. Narrative Report. 

1. Pupping - timing, duration and location of major pupping 
areas. 

2. Lactation length of lactation period and onset of weaning. 

3. Ovulation - timing and duration of breeding and ovulation. 

4. Delay of implantation - length of delay and timing of implantation. 

5. Female age of sexual maturity - based on percentages of each 
age class and may include both initial ovulations and intital 
pregnancies. 

6. Age specific pregnancy rates probably will be presented 
overall for the Gulf of Alaska as samples for individual 
populations are not large enough in most cases. 

7. Reproductive failures- quantification of reproductive failures 
and cause i.e. missed pregnancies, resorptions and abortions. 

8. Hale age of sexual maturity - proportion of males in each age 
class which are sexually mature. 

9. Seasonal spermatogenetic activity - delineation of the annual 
period of breeding potency. 

10. Fetal growth - presentation of growth patterns of harbor seal 
fetuses based on weights and measurements of collected fetuses. 
Records of size at birth and comparison between "populations". 

11. Postnatal growth - analysis of growth patterns with comparisons 
between sexes and "populations". 

12. Physical condition - analysis of annual patterns of condition 
based on blubber reserves. Comparison between sexes and 
populations and examination of annual variations. 

13. Food habits composite presentation of both volumetric and 
frequency of occurrence analysis of all areas, seasons and age 
classes in the Gulf of Alaska. Data will be analyzed by area 
and by season. 

14. Harbor seal concentrations tabular and visual presentation 
of counts of seals at major hauling areas in the Gulf of 
Alaska. 

15. Activity patterns - examination of frequency and timing of 
haul-outs by the radio equipped seals. 

16. Individual movements 
harbor seals. 

records of movements of radio equipped 

559 



., 
'I 

! ,, 
:I! 

,. 
I ,I 

I 
j, 

Dr. Herbert Bruce -6- August 22, 1978 

17. Critical habitats- Definition of "critical habitats" as 
applicable to harbor seal populations and listing and discussion 
of "critical habitats" in the Gulf of Alaska. 

18. Effects of disturbance - report of observations of disturbance 
of hauled out harbor seals and their apparent effects. 

19. Potential effects of OCS gas and oil development on harbor 
seals in the Gulf of Alaska--a di.scussion of possible adverse 
effects based on results of this study plus information reported 
in the scientific literature. 

20. Recommendations - discussion of ways to m1n~m~ze adverse 
effects of OCS development on harbor seal populations. Outline 
of data gaps with recommendations for future work. 

VIII. C. Visual Data (Tentative) 

Parameter Presentation 

Sex and Age Composition Table 

Pregnancy Rates Table 

Maturity Rates Table 

Spermatogenetic Activity Table 

Growth Figures, Tables 

Condition Figures, Tables 

Food Habits Tables 

Harbor Seal Concentrations Maps, Tables 

Hauling Area Counts Tables, Figures 

Individual Movements Haps 

Unit of 
Measurement 

Years - Sex 

Percentage 

Percentage 

Percentage 

mm, em, g, kg, 

mm 

cc, occurrences, 
percentages 

Numbers of Seals 

Numbers of Seals 

Geographical Locations 

There will undoubtedly be a number of other graphical presentations but 
they must await data analysis to determine their appropriateness. 

560 



Dr. Herbert Bruce -7- August 22? 1978 

IX. Voucher specimen archival plans--I don't feel this section is 
appropriate. Intact voucher specimens for prey items are not 
avialable. Certain skeletal components, primarily fish otoliths 
and cephalopod beaks have been retained and are available if desired. 

X. Logistic requirements - none required. 

XI. Anticipated problems - none. 

XII. Information required of other investigators - none. 

XIII.Outlook - not applicable. 

CPF-2 We agree to delete $1,500 from the travel and perdiem 
request providing the Juneau Proje.ct Office will bear all 
costs involved with synthesis or other required meetings. 

The $1,500 requested will be used for the data management 
primarily for key punching quality control and taping, 
graphical presentations of data also will require funding. 

You should receive a completed signature page from our ·Juneau 
office within several days. 

Sincerely, 
1 

?t{J,tt) 

'-fif.-f·._ ?L e._LA_/ i-<.) ktiN--t/ 
Kenneth W. Pitcher 
Marine Mammals Biologist 

cc: Boulder Program Office 
OCSEAP - Alaska Program Office 
Environmental Research Laboratories 
Boulder, Colorado 80302 
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To: Arctic Project Office 
506 Elvey Building_ 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

(1) COVER SHEET 
Proposal Date: 26 June 1978 

Contract #: 03-5-022-53 

Task Order #: 

· RU '.!230 NOAA Project tr.: t• 

Institution ID #: Alaska Department 
or"f'Isn and Game 

FY 1979 RENEt;AL PROPOSAL 

Research Unit Number 230 -----
Title: The natural history and ecology of the bearded seal, Erigr:tathus ]:Jarbatus, and the 

ringed seal, Phoca (Pusa) hispida. 

Cost of Proposal: $ 90,000 
--~------------

Lease Areas Beaufort -----
Chukchi 

Norton Sound 

Period of Proposal: October 1, 1978 through September 30, 1978 

Principal Investigators: John J. Burns and Kathryn J. Frost 

Institution: Alaska Department of Fish and Game 
Division of Game 
1300 College Road 
Fairbanks, Alaska 99701 

562 

33.3 

33.3 % 

33.3 



2 

(3) Technical Proposal 

I. Title: The natural history and ecology of the bearded seal, 
Erignathus barbatus, and the ringed seal, Phoca (Pus~) 
hispida. 

Research Unit Number: RU #230 
Contr~~t Number: 03-5-022-53 
Proposed Date of Contract: 1 October 1978 through 30 September 1979 

II. Principal Investigators: John J. Burns and "Kathryn J. Frost 

III. Cost of Proposal: $90,000 

A. Science-------------------------$86,600 
B. PI provided logistics-------------3,400 
C. Total-------------------------~-$90,000 
D. Distribution of effort by designated lease area: 

Beaufort Sea----------33.3% 
Chukchi Sea-----------33.3% 
Norton Sound~---------33:3% 

IV, Background: 

This project has been concerned tvith intensive, year-round investi
gations of the biology, population dynamics, and ecology of the two ice 
associated seals of greatest importance to coastal residents of northern 
Alaska. 

The two species differ widely in cheir biology as it is currently 
understood. The ringed seal is a small animal ;vith greatest densities 
observed near shore, in drifting and landfast ice. For food it is 
dependent: on zooplankton and small fishes. The bearded seal is a large 
animal and the more completely independent of the tt.J'o. It occurs mainly 
off shore and feeds on benthos obtained from drifting ice platforms. 

In order to understand the biology of these two northern seal 
species and to acquire information necessary to predict probable impacts 
of OCS development, several kinds of data are required. These data 
include: migration routes and timing, natality, mortality, gr'otvth 
(fetal and neonatal), population structure, longevity, age-specific 
reproduction, habitat requirements, and other process studies. To the 
extent that funding levels permit, the harvest of and dependency on 
these two species by Native Alaskans should be monitored. 

The intensive data-gathering phase which has centered around field 
work in the four geographic areas (St. George Basin, Norton Sound, 
Chukchi Sea, and Beaufort Sea) will end in September 1978. Much of this 
field work has involved scientific expeditions such as long cruises on 
research vessels and significant periods of time spent in Eskimo villages 
where marine mammals hunting is conducted. So far as possible, the 
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specimens obtained through April 1978 have been examined and the data 
compiled and reported as required. However, a thorough and integrated 
analysis of all available data has, as yet, not been accomplished. 

During the period 1 October 1978 to 30 September 1979, it is our 
intention to reduce the field effort significantly, concentrating it in 
the Beaufort Sea during winter 1979 and in the Bering Sea during spring 
1979 (pending availability of appropriate logistic support). 

The majority of our time •vill be devoted to e;·:amination of material 
which will be in hand by 1 October (resulting from several large collections 
obtained in the spring-summer of 1978) and the various analyses of these 
data. 

Our OCS research efforts are of a highly integrated nature. The 
project is characterized by taking th~ maximal amount of information 
from collected specimens, letting none of it go to waste, and making 
these analyses available to other projects (e.g. RU 232). Such a large 
number of determining parameters require extensive computer support for 
analytic' work, and a multi-year systematic effort at data gathering. 
The 1978 effort was designed to shift emphasis to the Beaufort Sea, a 
region lvhich has not been featured in previous years 1 work because of 
relatively high costs of operation and low densities of these seals. 
However, the much larger harvest-based collections now undergoing anal
ysis will provide the context of variability in which necessarily small 
Beaufrot Sea samples can be interpreted. Succes~ful continuation of 
Beaufort operations in ldnter and spring seasons'1~ill represent .only the 
second year of effort in the region. Emphasis will be on analysis and 
synthesis of data, with field work filling only the most crucial data 
gaps. 

Initial analysis of data will be accomplished at the University of 
Alaska Computer Center. Specimen material, as requested, will be made 
available to a variety of other investigators. 

V. Objectives:· 

1. To determine the spatial and temporal distribution of these 
seals, including assessment of regional differences in density 
and distribution in relation to proposed OCS lease areas and 
major habitat conditions. Particular attention will be given 
to the effects of human activity on distribution and occurrence 
of seals and related species as indicated, for example, by 
existing coastal settlements. 

The relevance of this objective relates to the importance of 
lease areas as seasonal seal habitat or as routes.of movement. 

2. To determine population structure and dynamics of these two 
seal species as indicated by composition of the harvest takep. 
by Eskimo subsistence hunters. 

Initial studies indicate significant segregation of age 
classes, especially of ringed seals within the various proposed 

564 



4 

lease areas. Demographic information is also required as pre
development baseline data. 

3. To determine current parameters of species productivity. 

Information about the biological productivity of bearded and 
ringed seals js basic to any determination of .population 
health, vigor, trends, and standing stock. It is also a major 
.baseline parameter required for comparison \vith information 
which may be obtained during and after petroleum development. 

4. To determine important aspects of species natural history 
including natal and post-natal growth; behavior, condition, 
annual biological events, and habitat requirements. 

This information is a significant component .of required 
baseline assessment of bearded and ringed seals. 

5. To determine, to the extent that funding levels. \olill allow, 
the magnitude of annual harvest of these seals by coastal 
residents of Alaska. 

Bearded and ringed seals are the species taken in largest 
numbers by village residents of the north coast. The depen
dence on these species is significant and should be determined. 

6. To acquire specime~ material necessary~for the succes;ful 
continuance of other studies, particularly RU #232. 

The proposed study of the natural history of bearded and 
ringed seals is an integral component of a group of investi
gations designed to investigate the ecological relationships 
among key components of proposed OCS lease areas. 

7. To determine, so far as funding levels allow, major aspects of 
the distribution and natural history of belukha \vhales 
(Delphinapterus leucas) in the proposed OCS lease areas. 

Collectively, the objectives stated above are intended to 1) provide 
the information required for an a·ssessment of the susceptibility of 
bearded and .ringed seals to proposed OCS development, 2) to provide a 
baseline· against >..rhich future parameters as may be determined for these 
species can be compared, and 3) to accumulate information about the use 
of coastal areas in and adjacent to OCS leases by belukha whales. 

VI. General Strategy and Approach: 

The strategy \vhich \vill be employed to meet project objectives 
indicated above is as follows: 

1. Intensive field efforts ••ill have been completed by the beginn~ng 
of this proposal period (1 October 1978). Our first order. of business 
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1:vill be to complete the laboratory examination of a large volume of 
specimen material obtained during the su~~er of 1978. 

2. At the same time we will intensify our efforts to further 
develop the computer programs required for detailed analysis of our 
total data base. Some of these programs ~vill be unique to this project. 

3. In accordance 1:vith the· objective of broadening our data base 
in the Beaufort Sea, we '1-lill be involved in limited field programs 
during the winter and spring periods. Of necessity, field efforts 
conducted in the drifting ice (off shore) will involve the use of vessels 
and aircraft. 

4. One objective, that of determining the magnitude of harvest by 
Native Alaskans, will be difficult to achieve in vie\v of the reduced 
field effort and funding level of this project. To the maximum extent 
possible, we will rely on the activities of other personnel from the 
Alaska Department of Fish and Game to obtain information from the numerous 
Eskimo villages along the Bering, Chukchi, and Beau£ort Sea coasts. 

6. Analysis of the spatial and temporal distribution of bearded 
and ringed seals will be accomplished through detailed statistical 
analysis of survey results (shipboard and aircraft) vlhich have been 
completed. An important survey of ringed seals in the fast ice of the 
Beaufort Sea vas not accomplished during June 1978 because of unfavorable 
flying conditions. If statistical analysis of data presently in hand 
indicates that additional sampling is desirable,~limited surveys will be 
flm:m in June 1979. He are presently exploring the possibility of 
utilizing a portable sonar system, mounted in a helicopter, as a means 
of determining the density of ringed seals within limited areas under 
the drifting sea ice in the Beaufort Sea. The mobility of such a unit, 
if it works, would provide a major breakthrough in determining the 
distribution and density of these seals in ice-covered regions of the 
far north. 

7. To the maximum extent possible, species accounts of bearded 
and ringed seals will be completed during the proposed project period. 

8. It has been recognized that belukha whales are an important 
component of the nearshore system in certain regions, particularly in 
the Hope Basin and eastern Beaufort Sea. So far as po::;sible, ~..re \·Jill 
obtain data and specimen materin.l from belukhas taken by subsistence 
hunters in those regions, in order to evalute the basic parameters of 
the natural history of these animals and their dependence ori the nearshore 
zone. 

VII. Sampling Hethods: 

1. Limited collection of bearded and ringed seals will be acco~
plished in the Beaufort Sea during the winter of 1978-1979. These 
collections will be made using a helicopter operating from shore bases. 
The collections will be random in the sense that seals are taken in 
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re::;tricted areas of open vater and the occurrence of these openings 
dep::mds on vinds and currents during the time of field operations. 

2. Collections in the Bering Sea vill be made in conjunction t·lith 
integrated research cruises in that area. Sampling is not random but is 
accomplisheQ. at locations ~v-here otter tratvls and other sampling programs 
are conducted simultaneously. Animals collected tvill be selected in 
relation to age and behavioral activity (i.e. feeding, migrating, etc.). 

3. Project personnel tvill not be involved 'in obtaining large 
samples of specimens from Eskimo villages during 1978-1979. Hmvever, tve 
will utilize material which is acquired by other personnel of the Alaska 
Department of Fish and Game. 

4. If a survey of ringed seals in the Beaufort Sea lease area is 
determined to be desirable (based on analysis of data in hand), it will 
be accomplished in accordance vith a design appropriate for obtaining a 
statistically valid sample. Survey design vill probably involve a 
stratified random sampling program; 

5. The sampling of seals is accomplished as indicated below: 

Wei'ghts and standard measurements are taken, t-lhen possible, from 
animals taken by Eskimo hunters, and from all animals selectively collected. 
The weights and measurements include: gross weight, hide and blubber 
weight, curvilinear length, standard length, axillary girth, maximum 
girth, front and hind flipper lengths and tvidthsf navel to anus"' length, 
penis to anus length, tail length, and blubber thickness at the sternum. 
These data are used to establish fetal, pup, subadult, ·and adult growth 
rates; seasonal condition patterns; and to assist in making biomass 
calculations. In addition to veights and standard measurements, we 
attempt to obtain: specific location, date, and time of collection; 
group size and composition; tidal stage; and water depth. 

The sex of a specimen is determined by examination of the external 
genitalia, or reproductive organs in those cases where the intact animal 
is not presented. 

Aerial, ship, and ground surveys are being used to determine the 
distribution and densities of ringed and bearded seals killed by polar 
bears and arctic foxes. These dead seals are being examined to determine 
physical condition, and amount of each consumed by the predator. Specimens 
are collected for laboratory analyses. In addition, the geographic 
location, specific habitat (breathing hole, lead,· lair, etc.), and ice 
type are noted. Standard measurements are taken whenever possible. 

Seasonal migration patterns are determined through observations at 
coastal hunting sites, and from shipboard and aerial surveys. 

Aerial, shipboard, and ground surveys are used to determine the 
distribution and densities of pinnipeds in the ice-covered Bering, 
Chukchi, and Beaufort Seas. These surveys are conducted chiefly in June 
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during the post-reproductive and molting period of ringed and bearded 
seals, but by the end of this research surveys \·Till have been conducted 
during every season and will have covered all ice types. 

VIII. Analytical :Hethods: 

'fhe ages of all seals for Hhich clm·:s are available are initially 
estimated by cla\v examination. The clatv provides a rapid and accurate 
means of age determination for seals up to six years of age, as grm·:th 
rings or ridges are formed annually on the claH. After six years the 
clm·rs are worn such that the initial ring ('1constriction of birthn) and 
usually subsequent rings are \·lorn off. For these specimens, a canine 
tooth is sectioned and stained Hith paragon stain. The tooth sections 
are examined with the aid of a light microscope and the age of the seal 
is determined by enumerating the dentine or cementum annuli. Age deter
minations are necessary for development of groHth rates, to determine. 
population structure and productivity, and age-specific food habits. 

Species productivityis determined through laboratory examination 
of reproductive tracts and correlation of these data \>ith the age of 
each specimen. 

Testes are weighed to the nearest 0.1 g \dth and \vithout epidi
dymides. Length and width at the middle of the testes are measured to 
the nearest millimeter. Testes volume (nearest cc) is determined by 
water displacement. Bacula are cleaned by boiling, air dried, and then 

·measured (nearest mm) and \veighed (nearest O.lg)":· 

The presence of sperm in the epididymides is used to ascertain 
breeding condition. The epididymides are sliced and a drop of fluid is 
squeezed onto a slide and examined under 78x or 300x magnification. 
Sperm presence or absence in the epididymal fluid is quantified as: 
none found, trace, or abundant. 

Ovaries are weighed to the nearest 0.1 g and then cut into 2 nun 
longitudinal sections. The sections are left joined at the base to 
preserve their relative position. The sec'tions are examined macroscopi
cally for corpora lutea, corpora albicantia, follicles, and ovarian 
masses or abnormalities. The largest diameter of corpora lutee!, corpora 
albicantia, and largest follicle are measured to the nearest rnrrr. Drmvings 
are made of each ovary for later reference. The presence or absence uf 
a fetus is noted at necropsy. 

Samples (about 125 cm3) of heart, liver, kidney, skeletal muscle, 
and skin and blubber are \·lrapped in aluminum foil, labeled, and frozen. 
These tissue samples will be provided to other investigators for micro
biological, hydrocarbon, pesticide, and heavy metal analyses. 

Teeth and clmvs are collected to determine the age of the prey. 
Reproductive tracts are examined for sex and reproductive condition 
folloHing standard techniques. Blubber, selected organs and tissues; 
stomach and digestive tracts of prey species are examined for parasites, 
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discas~s, or pathologic conditions and food habits, and Hill he provided 
to cooper.:ttors f.or analyses for pesticides, heavy metals, and petrochemicals. 

Several ecological and behavioral parameters \·rill be investigated 
to determine factors affecting prey availability and selection and 
hunting success of predators. For example, polar bears tend to take 
seals at breathing holes, hauled out on the ice, or in lairs; therefore, 
these factors influence hunting success of bears. The numbers and kind!.:> 
of seals seen on the icc during surveys \·Jill he related to ice conditions, 
m:~ather, and seal biology data to obtain environrne~tal and natural 
history correlates to hauling out behavior:. 

Population structure of ringed and bearded seals is assessed 
through sex and age determination of samples obtained at coastal hunting 
sites and during the course of selective collection. Eskimo collectors 
have been established in various villages \vith hopes of obtaining jaws 
and claHs and other specimen material from seals killed by the villagers. 
The collectors also maintain logs of dates, species, and sexes of kills. 

References which describe the methodologies and applications of 
these methods include: Benjami.nsen 1973; Burns 1967; Eley 1977; La\vS 
1956, 1962; McLaren 1958, 1961, 1966; Smith 1970, 1973, 1976; Tikhomirov 
1966. 

The analysis of data, for reporting purposes, will involve statistical 
evaluation of samples according to standard statistical procedures as 
indicated· by Snedecor and Cochran (1959), Dixon 'h971), and Ni~ et al. 
(1975). 

IX. Deliverable Products: 

A. Digital Data 

1) Parameters recorded 
a) species of seal 
b) sex of seal 
c) age of seal 
d) date and time of location 
e) collection location 
f) reproductive status 
g) reproductive condition 
h) number of fetuses 
i) ovary ,.,eight 
j) number of corpora lutea and corpora albicantia 
k) diameter of corpora lutea and corpora albicantia 
1) numb~:!r of follicles and uterine scars 
re) testes length, ,.,idth, and w·eight · 
n) testes volume 
o) sperm presence or absence 
p) ice condition 
q) number of seals observed 
r) general behavior 
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2) List of digital products 

See nttached Data Products Schedule. 

B. Narrative Reports 

To date, our involvement in this OCS project has resulted in 
several reports additional to the required quarterly and annual 
reports. These have included papers dealing Hith the results of 
aerial censuses, the relationship betHeen ringed seals and bm·:head 
\vhales, and t\vO synthesis reports for the Beaufort Sea. 

At this time it is anticipated that the information generated 
by this project will eventually result in a series of published 
papers on such topics as population dynamics, long-term trends in 
production rates, taxonomic characteristics of bearded and ringed 
seals, natural history notes, etc. Ho\vever, our efforts during the 
proposed project year tvill require a full-time commitment to the 
stated objective. He do not anticipate having an opportunity to 
generate additional published papers and reports until after 30 
September 1979. 

C. Visual Data 

At tqis time we do not anticipate the production of visual 
data other than that submitted in required OCSEAP reports. 

D. Other Data 

At this time He do not anticipate the production of w·hat can 
be termed "other data." 

X. Quality Assurance Plan: 

Procedures for obtaining data in the field have been standardized. 
Opportunities for joint field tvork by personnel \Wrking on this project 
insure that the variety of parameters are obtained in the same ''ay. 

Data submitted in accordance \·lith the established data n1anagement 
plan are checked prior to and after keypunching. A computerized program 
for the detection of errors has also been and \-'ill continue to be used 
by OCSEAP personnel. 

Questions concerning the interpretation of anomalous occurrences 
and results vill be directed to appropriate experts. A system of peer 
revietv is utilized for critique and evaluation of scientific findings 
and conclusions. 

XI. Special Sample and Voucher Specimen Archival Plans: 

Appropriate tissue samples from bearded and ringed seals (Ii1alnly 
preserved organs and histological sections) are maintained in collections 
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at the Alaska Department of Fish and Game. Examples of unusual specimen 
material Hill be archived at the University of Alaska Nuseum. Specimens 
of special interest to other investigators \·lill be made available, on 
request, \vhcn possible. 

XII. Logistics Requirements: 

See attached forms. 

XIII.- Anticipated Problems: 

Provided that appropriate logistics arrangements can be made, we do 
not anticipate any problems with respect to proposed field work •. We 
have made allotvances for the unpredictable 'tveather and sea ice conditions 
"normally" encountered during 'tmrk in the waters of northern Alaska. 

We do not anticipate any major diffictilties in accomplishing the 
appropriate programming and computer analysis of our data. However, we 
do point out that these services are vital to the accomplishment of our 
objectives during this project, to'wit: the analysis, summarization, 
and·reporting of all data acquired to date. In the event that adequate 
arrangements cannot be made through existing facilities, 'tve \vill negotiate 
\vith the Arctic Project Office to make alternate arrangements. Adequate 
computer services may be the most important potential problem. 

XIV. Information Required from Other Investigators: 
;.;; 

Trophic relationships information on bearded and ringed seals \vill 
be analyzed by OCSEAP RU /1232. In addition, necessary information on 
the relationships of marine rnaw.mal distribution, densities, and activi
ties to sea ice conditions will be provided by OCSEAP RU i/248/249. 

Tissue samples are obtained from as many specimens as possible and 
the samples are frozen in aluminum foil for later analyses. A project 
needs to be instituted that will determine the contaminant levels in 
these tissues for comparison to behavioral, biological, and ecological 
data obtained through this research unit,·as well as RU ff232. 

XV. Management Plan: 

1. Fiscal management of funds \·lhich may be obtained for this 
projeet will be handled through Nr. John Ste\vart, Division of Administration, 
Alaska Department of Fish and Game, Juneau. This Division provides 
monthly accountings of expenditures and encumbrances as well as current 
information on all financial aspects of the contract in accordance \·lith 
mutual requirements of the contractor and contractee. 

2. Scientific management \vi thin ADF&G \Jill be the responsibility 
of John Burns, Fairbanks. Responsibilities include general coordination 
of all aspects including commitments relating to data management, field 
operations, logistic requirements, laboratory work, and editing of 
reports. 
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3. Research activities are the responsibility of John J. Burns 
and Kathryn J. Frost. These co-p'rincipal investigators are responsible 
for actually accomplishing the scientific studies called l'or under ·terms 
of the contract. 

'•· Outside coordination, revie\v, and direction vrill be prov.tded 
by the OCS Arctic Project Office, Geophysical Institute, University of 
Alaska. 

5. Activity/Hilestone/Data Han.1.gement Charts are attached. These 
do not include indications of v1hen data collected in the field t·1ill be 
submitted as ue are already bound to a data submission schedule follm•ing 
every field endeavor. 

XVI. Outlook: 

By the end of this proposed project year we will have essentially 
completed our .studies of the major aspects of the natural history and 
ecology of ringed and bearded seals as can be determined through examina
tion of large samples of these ani~4ls in all areas except for the 
Beaufort Sea. The detailed species account for these seals tvill have 
been submitted. 

Several new aspects of investigation are obvious to us and'Hould 
represent logical extensions of current research efforts. However, the 
desirability of these netv undertakings tvill depend upon the attitudes 
and needs of OCSEAP project.managers. 

A. Belukha Whales: 

By 30 September 1979 He \vill have completed a very limited study of 
the belukha tvhale. The project managers may find it desirable to continue 
the study of this species through FY 1980. It should be kept in mind 
that He were asked to investigate btHukha t-7hales almost as an afterthought 
and have done so to the limit allowed by the constraints of money and 
manpo\ver mainly already committed to other objectives. An intensified 
study of belukha v1hales in FY 79 would require approximately $40,000. 
Hork \Vould be accomplished from selected coastal hunting sites. 

B. Seal-Polar Bear Interactions: 

Polar bears take more ringed seals in a single year than do Eskimo 
subsistence hunters. He have demonstrated the impact of coastal settlements. 
including OCS support facilities, as far as reducing the density of 
ringed seals immediately around them. This appears to result from 
displacement rather than mortality. Host human activities occur in the 
nearshore zone "Ylhere fast ice is present. It tvould be desirable to 
determine the distributional relationship bet;veen bears and ringed 
seals, the hunting success of bears in different ice habitats, the 
frequency of kills made by bears, sex and age structure of their prey, 
and the effect of bears on the ringed seal population. 
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Such a stu,dy could be conducted in the northeast Chukchi and Beaufort 
Seas. It t·JOuld require approximately $SO, 000, not in~luding logistic 
support. This. logistic support Kould involve one or tHo UHlll helicopters 
(depending on desired intensity of the program) operating during Harch 
and April 1980. 

' ' 

C. Regional Density of Ringed, Seals. during the \-linter-Spring Period: 

There is a very real possiblity that uet• methodologies, involving 
the use .. of a portable sonar system motmt~d iu a h.elicopter, can provide 
a significant breakthrough in our studies .of' ringed seals unde,r the ice .• 
Such a technology vrould allow us to determine the den~ity of· r~sident 
seals in many areas such as around drilling platforms, adjacent to 
settlements, and in the different ice habitats during winter •. The 
feasibility of such a program is not known but is being investigated. 
If current technology is,applicable, it could be used in FY 80. The 
cost of such a proje.ct Hmlld be about $30,000, not including. the costs 
for son11r and. logistic s,upport·.' · Logistic .support v1ould involve one UHlH 
helicopter 'during the pe'riod. February through April. 'fhis project could 
be combined tvi.th project "B" (above), to some extent. · · · 

XVII. Standard Statements: 

L Updated milestone charts Hill be su.bmitted. quar,terly. A 
schedule for' processin.g and analysis. of past year'S data Hill 
be submitted to the Project Office \lpon I'equest. . . 

2. 

3. 

4. 

5. 

. -~ 

Quarterly Reports will be submitted ·to the appr~priale Project 
Office during the contract by the first day of January, July, 
and October, Annual Reports by April 1. The Final Report l-lill 
be submitted t~ithin 90 days. of. the expiration of th~ contract. 

. ' . ' 

\-/here biota are concerned, all specie~ and l:tigher categories 
will be represent~d by the vouch~r specimens that \•Til], be 
preserved, labeled, held, and shipped .to an official OCSEAP
designated repository in conformity t·lith OCSEAP voucher 
specimen policy. · " 

At the option of the Project Office the PI is prepared to 
travel to the Project Office .at least ~\-lice during the. contract 
year to reviet..r project status and progress. Suc.h revie\.JS will 
be scheduled on dates mutually satisfactory to both parties. 
It is understood that costs of the travel and per diem for: 
these trips Hill be borne by the Proj~ct Office. 

Data \-lill be provided in the form and format spe,cified by 
OCSEAP, accompanied by a Data Docu~entation Form (DDF 24-13). 

6. Data ,.,ill be submitted t·rithin 120 days of the completion of a 
cruise' or three month data co).leci:~on.period, unless a written. 
\·~aiver has been received from· the Projec.t Office. 
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7. t-Tithin 10 days of the completion of a c.ruise of any dati.! 
gathering effort, a ROSCOP data collection inventory forn 
(NOAA 24-23) \dll be submitted to the Project Data Nanager. 

B. 

9. 

10. 

Title for all property purchased ~-lith OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration. Nev equipment purchased "lill be reported quarterly 
and inventoried annually. The PI will maintain inventories of 
all expendable and non-expendable equipment purchased Hith 
OCSEAP funds. Information will be recorded as sho\m on form 
CD-281, "Report of Govermnent Property in Possession of 
Contractor" (copy attached). Updated copies of these inven
tories \vill be submitted quarterly. 

Three (3} copies of all manuscripts for publication or presen
tation which pertain to technical or scientific material 
developed under OCSEAP funds \vill be submitted to the appro
priate Project Office at least sixty (60) days prior to release, 
for information and forwarding to BLM. The release of such 
material within a period of less than sixty (60) days shall be 
made only Hith prior ~..rritten consent of the Project Office. 
Ne~•s releases \'Jill first be cleared \vith the appropriate 
Project Office. 

All publications and presentations of material developed under 
OCSEAP funds ~..rill acknm..rledge BLH/OCSEAP sponsorship. The 
following acknm•ledgment is standard: 

;:-; 

"This study "'as supported by the Bureau of Land Hanagement 
through interagency agreement •lith the l':ational Oceanic and 
Atmospheric Administration, under which a multi-year program 
responding to needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental Shelf 
Environmental Assessment Program (OCSEAP) Office." 
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~c~.::. Type 
(i.e. ~~tertidcl, 
E~nthi~ Crga~i~~s, 

etc.) 

Specimen collection 
data, Heights, 
measurements, 
reproductive data 
and age 

Specimen collection 
data, '"eights, 
measurements, 
reproductive data 
and~1.ge 

-..) 

Spe~imen collection 
data, weights, 
measurements, 
reproductive data 
and age 

}!cdia 
(Co.rds, cod
i~g ~he.cts, 
topes, disks) 

Coded data 
sheets, cards, 
mag tapes 

Coded data 
sheets, cards, 
mag tapes 

Coded data 
sheets, cards 

Specimen collection Coded data 
data, weights, sheets, cards, 
measurements, 
reproductive data 
and age 

Aerial survey data Coded data 
location, tracks, sheets, ··cards, 
conditions, animals 
observed 

DIGITAL DATA PRODUCTS SCHEDULE 

Estbo.tcd 
Volume 
(VolUr:'.C of 
processed datD.) 

OCSEAP 
Form:it 

·up to 50 specimens, 
5000 cards, 1 tape 

up to 50 specimens, 
5000 cards, 1 tape 

up to 50 specimens, 
5000 cards, 1 tape 

up to 50 specimens, 
5000 cards, 1 tape 

up to 60 survey legs, 
1000 cards, 1 tape 

(If, kno'to.'n) 

025 

025 

025 

025 '0: 

026 

Processing and 
Formo.ting done· Collccticn 
by Project Period 
(Yes or No) (1-Ionth/Ycar to Honth/Yea.:-) 

format-yes · 
processing-yes 

format-yes 
processing-yes 

·format-yes 
processing-yes 

format-yes 
pro cess ing-y.es 

format-yes · 
processing-yes 

10/78 to 12/78 

1/79 to 3/79 

4/79 to 6/79 

7/19 to 9/79 

4/79 to 6/79 

--- --~ 

S~b~issic:". 

('!-!on t~'l/'Y e:tr 

2/79 

5/79 

8/79 

10/79 

9/79 
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F.ile 'ryp!:: 025 

Cm!t:7ton. ·to all Records 
X File T)-pC 
X File· Icl~fl.tifieJ.
X Record T)~e 
X Spec:ititen I~!umbar 
X Se~uonce ~umber 

Record Type '1' ~ Location 
X Geo!:r<J.phic Posi t:iou 

l·Ja:tcr Depth 
Tide Stage 
Habitat (code) 
Behavior (code) . 

X Ice Characteristics (codes) 
Transec·t 1~idth (cocle) 

Record Type '2' - Physical Characteristics I 
X EOS Taxonomic Code/Subspecies 
X Sex (code) 

!•1a.'<'~!t<ll Activities .(codes) 
Group Size 

X Collection J;Je·thod (c.od.e) · 
X Individual 1-Iwwal ?·Ieasure;~ents 

Record Type '3' - Physical Cha:ractcristics II 
X lnc'!i vidual Ha.-m::al }.feasurenents 

Stomc:ch Condition (code) 
X Grass l'!eigh·t/Standarcl Lc_ngth 

Record Type ., 4' - Aee/Reprml.uc.tion - Nale 
X Age and Age Determination (code) 
X Baculuw/Tcs·tes ?-leasuremen·ts 
X Sperm DeteTmlnation (codes) 

Record Type '5 1 - Age/Reproduction - Female 
X Arr'e and A(re Dctera.'i.nation (code) 

(.> " 

X Rcproducticm. Status (cod.~s) 
X Nur;tber of Fetuses 
X Ovary/Corpora Lutca/C:orpm:a Albic!l.ntia/ 

Follicles Ncasure;:tents 
X Nur:iber CJ.f Utcl.·.ine Scars 
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Record Type '6' - Sto::mch Content.s 
~~:eight o£ Full/Em_?t)' Sto::~aeh 
1\eir~ht ·and Volu:~e of FClod 

Contents 

P..eG:ord Type '7 1 
- St:o::w.ch Content 

Species. ,. 
EDS T::txo-rwr.:ic Cod~/Subspecie:s 
Life llistory (cod-e) 
Mise- Stom::!.ch Contents (code) 
:-:umber/l!oluae/!•!e:ight of Icicnti-

fic,l .Itc!:::s · 
t-!can/M;n:ir:run/:Oiis:it:lU:l ].(::ng th of 
ldcntificcl IteRs 

Record Type 1 8 1 
- Text 

X Toxt 



file Type 026 - t-iarine r·:c:rrm:rl Sighting 2 12 

Corr.mon to u 11 records 
x File type 
X File Identifier 
x Record Type 
X Fli 9ht/Station rlurr:ber 
X Sequence· t-tumber 

Record Type "5" - Group 
x TaxonoHri c Code 

Subspecies Code 
x Time 
X Track nu;n~:>er 
x Group nu:abers. 

Record Type "1" - Header Record Type "6" - Text 
X Starting date/time> longitude and latitude x F1ny alphc:numeric data 
x End·ing time,. longitude and latitude 

Elapsed time 
Distance along track 

x Number of Observers 
Type of leg 

Record Type "211 
- Env·ironmental 

x Platform type:. ID,. and direction 
x ·A l·ti tude 

True Ground Sp~ed 
X· Primary,. Secondary> and Total ·track \·lidth 

Total area surveyed for 1° and 2° tracks 
V·isibil ity 
Cloud Amount 
Ai.r Temperature 
Hind speed and direction 
Sea state 
lleather 

x Co"Jlection method· 

Record Type 1'3" - lee 
(Replicates 1,. 2,. 3 & 4) 

x T·ime of Observation 
x Ice type· 
X Csctas and d,arctcter1 sti cs en= thin ice 
X Octas and chal·actedstics of rwderate 'ice 
X Octas and characteristics o·f heavy ice 
x D2formati on 
x Transect \·li clth 

Record Type ''4 11 
- Sighting 

X Taxonorrri c and subsp2C'i es cod~ 
x Number of ind·ividuals and confidence codes for 1° ond zo tracks 
X llumber of pups and groups on 1 o and 2:.'1 tracks 

Narrmal activ·ity 
X Total number of individuals sighted 
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l. JlcJ.:i'.ne.::ttc proposed tra.nsr.~cts aud/or st<.!tion sclter::~ oa a ch:1rt: of the nrca. 
(i·!ot:c: If: f.J.ir.ht::; arc f.or transport o[ p(~rsonneJ. or c:quip:nent only fro::~ base 
Cittni's to field camps and visa versa, ch.:::r t submi::;sion is not nece::;sary but . 
oz.·.i.g:i.u :md destination points ~;hould Lc: list<:cl). Flights H.i.ll be conducted t-~ithin a 
50-r~ile radius (or ilS deemed appropriate by ship's personnal) of the ·ship's position 

2. J)c·sc:ribe types of (,bservat:i.ons to he: I:.!a::lc. 
Collection of seal specim2ns. determination o·f geographical differences in species 

----~·omposition and density through aerial surveys. 

3. H!t<tt is the optimum tine chronology of: observations on a. se<"!so~al hasJ.G and lJhat 
is th<: lnaximum allm-1able departure fro<:! these opt:i:::~u..-n tir;:;.es? 

.l r,pr il to 1 Hay, or ·1 April to 25 April. 

If. iim-1 many days of helicopter operations e:re rcquirl!d and hem Iil<my flight hours 
per day? 

6-S flight hours per day for a maximum of 25 possible days. 
Total flight hours? approximztely 175 

5. Hm·r many people are required on bo::trd for each flight (c)~cl·usive 'of t,he pilot)? 

G. 

7. 

Wh::tt are the weights and dimensions of equip8ent or supplies to be transported? 
100 lbs of personal gear - rifles, packs, field gear. l'le anticipate carrying seals 
\·ieighing up to 6QO lbs. 

l~bat ty~e. of helicopter do you reommend for. your o:>erations and tihy? 
Bell 20bB equipped \nth floats. t·7e have found this type of helicopter to be very 
satisJ:actory on our previous tvork of this type. 

8. Do you recon;raend a particular source for the. helicopter? If "yes", please name 
the source and the reason for your reco~enda.tion. 

NOll. A 

9- l!lw t 

N/ll 

]
. ,. 
··" the per hour charter cost of the helicopter? 

J.D. l!hcr<:: do you rcommend that flights be staged from? 
N6AA ship SUR\~YOR in the Bering Sea ice fro~t. 

ll. \.'ill ~iWC:i..:tl n;~vig<~t:lon <I!\ll communic~L.iL~ns he requin~d? 
Yes - Transpond~r, GNS-500 Navigation System, 30 hu~an body bags, slings and sling ropes, 
floats, baskets on·each float, interc.o;n for 2 passengers and pilot. 
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.. ··--·-...__ ____ ··-----··------------
c:. · !."I.!~Cl:!\FT Slil'l'OitT - IIELlCot'TER BeauEor t S-:::a 

1. lJt~l:i.nc~atc proposc~d tr<!ns<_~cts and/or !;t~t.!.on !;clw;-;:~ oa a char.t of: tlu_~ .:trca. 
(l·!ot:c:: If fl:i..~hts ;n-e f:o:.- transport of p(!n:onn~::l o1: c:qu:i.p:i!<.::-:t: oztly fro;:t l1a~;t! 
c:t!l:~p:; to field e~tu!pS c:rnd ''i!.;Cl vcr.~:a) ch-~rt ~-;ub~:r.i.~;s.i.on i!"; nol.: nccc::;:;n.:.y but: . . 

'"·· .. ould p·'onos"-' -o bT·"" ;t h'-'ll.co ~,.,r or:.i_gi.n ;tnd. dt:f;t::i..n~tt:ion point:~; should be~ li.!.:ted)- ''"' ,., · ~ !· -- '- c "'- c - · P'--· 
at TY~a4horse and later Barrow and fly over the 8~1ore :i.ce to leads c..t •.·;h.i.ch \~2 \"/ould coll,ec 
·5(:~als. Host flying should be \·Jithin 40 miles of the <.:oast. 

2. Jk:sct" ibc · typC!S of observations to tJC: J::~!dC. 

Collection of seal specimens. 
·------------'----------------------- ---

3. l:lt.:tt :i..s the optinum time c:hronology of o:..s'::rv2.tions on a s(:<:~;onal ha.s:i.s and \·!hat 
:i.s til::! i:Jaxinum. allo\·lc.thlc: departure fro::. these! ·opti~.lLEJ ti1::f.:s? 

5--20 Novewb-=r would be optimum. A depa:ctu:ce of 3 days earlier or later uoulCi b~ acceptabl 

I;. Ho;.; inany d2.ys of helic:optcr. operations c!re n::quircd ~nd lloc-r Er<!ny flight hours 
per day? App::oximately 10 days of helicop·::';!r operations ·will be recpired uith about ·~ hour; 
of flight per d~y. 

Total flight hours? 40 

.5. lloH many people arc required on board for e2.ch flig~1t (exclusive of the pilot)? 

'1'1.-10 

6. lih<.lt o:n:e the \~eights and dii>!ens:i.ons of l'quipr.tent or supplies to 1JC! tr2.ns;:~)r.t:cd? 

100 I.JOtmds of personal gear including riflo2s, packs, field gear_ ~"1::! anticipate carrying 

___ ·_~;:-,~l~~~J:..~hing up. to 60~un:..d:.:.. :::5..::-----------------------------

7. Hlral: type: of helicopter do you reoa"Tiend for ymu: op-:-!rations and Hhy'! 
UHlH equipped \vith floats. We have found this type of helicopter to be very satisfactory 

···----~::_ __ previous \·JOrk of this type. Fixed \•ling cover is not required, fuel capa~ity is large. 

(' , .. D0 you rccon:mencl a par~icular source for the helicopter?· 
the: ~:om:ce ~ncJ t1H:: re<Json for yo~n~ rcco;;-::::cncbt:ion_ 

9. \·?li.'!l :t.!:: the p(:r hour. ch-:n:tcr cost of th·~ hclicopl:cr? 

··-··-·---------------

later Bal:"rotv 
--··--~ ..... ··- -·----

l.l.. \'. 11 J l 1? ;_:_ ... ~.:pc·c::i.~t . n:tv.i.gar::i.on :tnll c:omitttttl:i.c~tl i ,~n~: •c requi.ret-

If H It yes , please na~e 

Yes - 'i't·ansp~mcle.r, GNS·-500 i-<nvigv.tion Syste;n, 30 human body bags, slings CJ!1d sling ropes, 
flo<:: t:s, l.Ja~kets on cuch flov. t, inter<.: om fo:::: h:a pv.3seng-~rs and pilot. 
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l.ll~C:!:ld:'T ~;Ut'l'OI·:T •· IIELICO Beaufort Sed 

J. Jkline<J.tc prt•posed.tran.st~cts ancl/or ~;t<.lti.on ~clte;:e on a ch~trt: of: thc ~t:cn. 
(1-:otc: If Ll.i.gltt~ :rrc for tr.nnspoct of p(:r:~onnc:l or cquip:::~nt only ho::-t base 
C:<ll•!p~; to f.ield camps and vi!;;!. vc:r.~a, ch.::!?:t ~;ub!:tl~;sion :i.B ncJt neccs:;;t.ry t~ut . 
o;:.Lgin and de.stination points should k: lisr:ccl). i'ie v1oulu p:[opose to base a helicoptel 

':! -·. 

nl: Deadhorse (later Barrow) and over the shore ice to leads at 11;hich ~·le \·loulu collect 
· sc<llS. l·!ost flying \•IOuld be within 60 I'lilcs of the coast. 

Collections of seals. 

Hhztt: :i.s the opt:inum t5.tne chronology of ·CJb.S;::!T:V.::ttions on n sen.so.n;:rl ba:;is end .l.'he.t 
i . .s tlJ<:! J::a:x:ir:mm allm·Tablc dcp<trtur:c fro;n thc:se; opti::mc:! tir:;~s? 'l""ne period 15 Feb. to 

15 !·~arch is desirable. Within that period optimal time is 15 'Feb. to i l-!arch. 

----------------------------~·-------------------------------------------------

f;. IIm·r many ch:.ys of helicopter operations ?-rc required and ho-:-:· ri!<:ny flight hom:s 
p<n· day? Appro~drnately 10 of helicopter operations ,.Jill b8 required \·lith about 4 hom: 
of flight time per day. 

Total flight hours? 40 

5. llo;.;r many people <trc required on board for e<ich flight (exclusive of the pilot)? 

-------------------------
l·!i1at: a·.cc thE! vcif~hts and d:i.m.ensionc: of C::Q,td-1n:t'c!llt or sup"'lics to ~l>e- tr=>·l<·oor·-··d? ~ _ __ r- - · . c .. \ -'": . _ L t.. .. 

100 pounds o:E perso::1al gear including rifles, packs, field gea;,.:. He anticipa::e carrying 
S8als v1eighing 6QO pounds.· 

--------
7. \·!ll.:!t typ!?. of h~l:icoptcr do you rcora..-nend fo-; your op2~r<:<t:i.o::ts,_c_nd. \:qy? _ . ._ 

UHl!I ecr . .npped w1.th floa·ts. We have found thl.s type o.c. helJ.copc.er to • .)e very satasfac~..ory 
in previous ,.;ork. Fixed \ving support is not required, fuel cape.ci ty is large. 

··-----·---------'----__.;.-----·-----------------

t. Do you rcem!;mend a particular source for th~ helicoptc·r:? If "yes" • plee.sc name 
the sou1·cc end the reason for your n?.co;:-_-::;::ndation. 

NOJ\A 

~). lJh~t is tlae per l1our chttrtct- cost of t:h~' helicopter? 

J!l. \·:hen! do you rccnnr._1end that flights be st.:!gcd f1~01:1? 
Deadhorse, later Barro•t1 

-- --------·-··-----·---------------------
.i ;_, \.'.i.ll ~;p(•<::ial nav.i.f•,<tt:\.on. :ttlll C:O!m:!\mic~tl.it~i!~: he! l"l'qtti n:!d? 

. Yes - Transponaer, GNS-500 Navigation System, 30 human body bags, slings and sling ro;?es, 
floats, baskets on each float, intercom fo;;· ·t•.-10 passi:mgers and pilo~. 
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A])tCitAl:'T SUP l'OKf - 1:"1Y.ED H HlG Barrow 

1. Delineate proposed fl:J.ght lines on a chart of the area. Indicate desired fli.ght: 
alt::>.tude on each li.m:. (Note: J.f fli1~hts arc for tran~por.tation only, chart 
gubmiGsion is not neccsnary but oriein and destination points should be_ lisl:cd.) 

Eight fixed \'ling flights in areas of landfast ice between Point Lay and Barter Island. 

2. Describe types of observations to be made. 
Survey of r1nged seals in the nearshore fast ice areas. Correlation of density.with ice 
ccnditions. 

3. Hhat :is the optimum time chronology of observations on a .st:asoa<tl basis and Hhat 
is the rna_ximum allot..rable departure fror:1 these optimu:1 times'! (Key to chart 

5. 

prepared under Item 1 vrhen necessary for clarification.) Significant changes in seal 
density have occurred in the last seven years. Our surveys are always conducted during the 
peak of seal molting - 5-20 June. 

lim.; many days of flight operations 
8 flight days 

are required and ho:-1 u<!ny flight hours pe·.c day? 

Total flight hours? 40 flight hours 

Do you consider your investigation to be the principal one for 
thus precluding other activities or requiring other activities 
piggyback. or cou~d you piggyback? 

Principal Investigation. 

the flight:., 
to piggyback 

6. Hhat types of special equipment are required for the aircraft (non carry-on)? 

GNS or On Trac Navigation System in 'n·lin Otter 
lfnat are the. l·7eights, dimensions, pm;er requirements, and installation 
problems unique to the specific equip~ent. None (should be part of the aircraft: 
equipment) 

7. l·!hat are the ,.,eights, dimensions and po~·Ter requiret;:ents of carry-on equipment? 
None 

8. l"ll<lt type of aircraft is 1)CSt suited for the purpose'! 
Single engine or ~vin Otter 

9. Do you rcco:nrnend a source for the aircraft? 
If "yes" please name the source and tl1e reason for your rcco:n:::ten.dation. 

NARL ' 

10. Hhat is t:hc per hour charter cost of the ~drcraft'! 

C-180 at $85/hr Twin Otter at $350/hr 

---------------------------------
lL llo\..r m::my people ;We rcquil:ed on boanl for cnch flight (exclusive of fli~ht crct.;) '! 

Ti·lO 

···-·----------------------



(1) COVER SHEET 
Proposal Date: June 26, l978 

To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

Contract II: 03-5-022-53 

Task Order tf: 

NOAA Project !1: 

Institution ID #: Alaska Department 
of Fish and Game 

FY 1979 RENEI-TAL PROPOSAL 

Research Unit Number __ 2~3~2 ____ __ 

Title: T~ophic relationships among ice inhabiting phocid seals and functionally related 

Cost of Proposal: $ --~1~2~2~,~0~0~0 ____ __ Lease Areas Beaufort Sea 

Chukchi Sea 

Norton Sound 

St. George Basin 

Bristol BaJ: 

Period of Proposal: October 1, 1978 through September 30, 1978 

Principal Investigators: Lloyd F. Lowry, Kathryn J. Frost and John J. Burns 

Institution: Alaska Department of Fish and Game 
Division of Game 
1300 College Road 
Fairbanks, Alaska 99701 
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(3) Technical Proposal 

I. Title: Trophic relationships among ice inhabiting phocid seals and. 
functionally related marine mammals 

Research Unit Number: 232 
Contract Number: 03-5-022-53 
Proposed Dates of Contract: 1 Oct~ber 1978 to 30 September 1979 

II. Principal Investigators: Lloyd F. Lowry, Kathryn J. Frost and 
John J. Burns 

III. Cost of Proposal: 

A. Science--------------------------$120,040 
B. PI provided logistics--~------------1,960 
C. Total----------------------------$122,000 
D. Distribution of effort by lease area: 

Beaufort Sea----------50% 
Chukchi Sea-----------21% 
Norton Sound----------11% 
St. George Basin------11% 
Bristol Bay---------~--7% 

The above figures indicate the approximate distribution of total 
funds among the lease areas. Some areas such as the Beaufort Sea will 
require a large field effort and result in relatively few specimens, 
thus requiring little laboratory work. Others such as the Chukchi Sea 
may produce many specimens, requiring considerable laboratory time for a 
much smaller field effort. 

IV. Background: 

Four species of ice inhabiting phocid seals are the focus of this 
investigation. .These are the ringed seal, Phoca (Pusa) hispida; the 
bearded seal, Erignathus barbatus; the spotted (also commonly called 
largha) seal, Phoca vitulina largha; and the ribbon seal, Phoca (Histriophoca) 
fasciata. The ringed seal and the bearded seal are circumpolar in 
distribution while the ribbon and spotted seal are restricted to the 
Bering, Chukchi, and Okhotsk Seas. The total number of these four 

·species in Alaskan waters is approximately 1.5 to 2 million animals. 
About 10,000 of these seals, in aggregate, are taken annually by Alaskan 
Eskimo subsistence hunters. Ringed seals, and to a much lesser extent 
bearded seals, are the primary food items of polar bears (Ursus maritimus). 

Prior to our investigations, published information-on the foods of 
ice inhabiting seals in Alaskan waters included six studies, all quite 
limited in temporal or geographical coverage (Kenyon 1962; Shustov 1965; 
Kosygin 1966, 1971; Burns 1967; Johnson et al. 1968). Considerable work 
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in this field has been done by Soviet investigators; however, most of it 
pertains to the western Bering Sea. We have translated several important 
papers·previously available only in Russian (see 1977 Annual Report RU 
#232) and are presently collaborating with those persons active in this 
work (Bukhtiyarov, Frost and Lowry, in prep.). 

·., 
During the first year of work by this research unit (FY 76), a 

considerable amount of effort was devoted to acquiring the 'capability to 
,quickly and accurately identifiy prey items found in seal stomachs; 
This involved acquisition of a considerable amount of literature and 
specimens for comparative purposes. A search for published and unpublished 
data on foods of ice inhabiting phocid seals was begun. Collections of 
specimen material were made from a number of villages in order to begin 
to assess geographical variation in foods and to identify areas and 
species of particular interest. Most specimens were obtained from the 
times and places where Native hunters are most active, i.e. the northern 

·Bering and Chukchi Seas in late spring and summer. A large sample of 
ringed and bearded seals was obtained from the village of Shishmaref to 
examine age- and sex-related dietary differences. Shipboard work in the 
Beaufort Sea and in the ice front of the Bering Sea was begun. The 
Bering Sea ice front is of particular interest because it is the pupping 
and breeding habitat of spotted and ribbon seals and is a region where 
major conflicts among OCS development, fisheries, and marine mammals are 
likely. 

In FY 77 the search for literature on food habits of seals was 
completed and several important Soviet articles were translated. Collections 
in some villages were repeated in order to increase sample sizes and 
verify results from the previous years. Several new localities were 
sampled. As lease areas began to be prioritized, emphasis was shifted 
to priority areas (Beaufort and Chukchi Seas, .and Norton Sound). Shipboard 
war~ in the Beaufort Sea was expanded and included limited studies of 
the distribution and natural history of key prey species. Ringed seals 
were collected from Norton Sound at several times of. year to look at 
seasonal shifts in prey. Shipboard ice front work was continued. 
Collection of specimen material from belukha whales was begun. Consid
erable data analysis was done and accumulation and synthesis of other 
trophies-related data was begun. 

In FY 78 a considerable amount of effort was devoted to the Beaufort 
Sea. Specimen collections in. November and March produced the first non
summer data from that area. Presently available trophies data from the 
Beaufort Sea were synthesized and plans were made for an integrated 
Beaufort Sea trophies cruise in summer 1978. Spring collections were 
continued at villages with good historical data to examine year-to-year 
dietary-differences. Specimens were collected at selected villages 
during fall and winter to verify seasonal prey utilization patterns. 
Shipboard work was done in the ice remnants of the Bering Sea, an important 
area for spotted and ribbon seals. Analysis and synthesis of data were 
intensified. 
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In FY 79 we propose to continue and largely conclude field collection 
efforts of this research unit. November and March collections in the 
Beaufort Sea will be repeated toverify results of the previous year and 
increase our sample size and geographical coverage. The.utilization of 
prey in relation to availability will be examined directly by collection 
of ringed seals and forage organisms in Norton Sound. Collec.tion of 
specimens will be made in the spring at several villages selected for 
monitoring purposes. These collections will be done at a reduced level 
and will involve minimal participation by project personneL Baseline 
data will be collected from villages in the southern Bering Sea from 
which no data are now available. Shipboard work will be conducted in 

'the Bering Sea ice front to examine relative utilization of capelin and 
pollock by spotted and ribbon seals. Specimen material will· be collected 
from belukha whales and if possible arctic foxes. Considerable effort 
will be· devoted to analysis and synthesis of data and a·final report for 
the Beaufort Sea will be prepared and submitted. 

Our work will provide input to other studies on the biology of 
marine mammals in the areas concerned (RU 11230), baseline studies· of 
hydrocarbons and heavy metals in the environment (RU /1288, 276), and 
studies of ecosystem dynamics {RU /199). We will extensively utilize 
information gathered by .many studies· concerned with the abundance, 
distribution, natural· hi-story, and hydrocarbon sensitivity of invertebrates, 
fishes, birds, and marine mammals (e.g. RU /15/303, 6, 175) in the evalu
ation of our results. 

V. Objectives: 

The general objectives of this research unit are as follows: 

1. Compilation of existing literature and unpublished data on 
food habits of ringed seals, bearded seals, spotted seals, and 
ribbon seals. Per.tinent works ·by Soviet investigators will be 
located and translated. In addition, available information on 
distribution, abundance, and natural,history of potentially 
important prey species is being gathered. This will allow an 
assessment of the present state of knowledge and facilitate 
identification of major information gaps which require immediate ' 
study by OCSEAP. 

2. Collection of sufficient specimen material (stomachs). for 
determination of the spectrum of prey items utilized by the 
species being studied throughout the geographi:c range involved 
and during all times of year that the species occurs in a 
particular area. The contents of these stomachs will be 
sorted, identified, and quantified. This information will be 
analyzed for geographical and temporal ·variability in prey 
utilization patterns as well as for species, sex~, and age
related dietary, .differences. This will result in identification 
of critical prey species which merit in-depth study by other 
OCSEAP projects. Critical foraging areas (if such exist) will 
be delineated. This may have direct effect on the suitability 
of certain tracts for leasing. 
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3. Analysis of feeding patterns in relation to distribution, 
abundance, and other life history parameters of key prey 
species. This will involve determination of the degree of 
selectivity demonstrated by each spec"ies .of seal as well as 
the availability and suitability of primary and alternative 
food sources. To whatever extent possible the effect of seal 
foraging activities on populations of prey species will be 
examined in light of observed rates of food consumption and 
foraging oehavior. Such analyses are an initial step toward 
ecosystem level evaluation of the possible effects of OCS 
development on the species being investigated. The accom
plishment of this objective is largely dependent on informa
tion gathered by other OCSEAP projects involving benthic and 
pelagic organisms. 

4. Analysis of trophic interactions among these species and other 
potential competitors such as walruses, whales, marine birds, 
fishes, and humans (c.f. Lowry, Frost and Burns, 1978). Input 
from other OCSEAP studies will be critical in this phase of 
the project. 

5. With the understanding thus obtained of the trophic interre
lationships of ice inhabiting phocids in the Bering, Chukchi, 
and Beaufort marine systems, evaluate the probable kinds and 
magnitude of effects of OCS development on these species of 
seals. This will involve both direct effects such as disrup
tion of habitat in critical feeding areas or alterations of 
populations of key prey species, and indirect effects such as 
influences on populations of competitors for food resources. 

Specific objectives for FY 79 are as follows: 

1. Collections of ringed seals and if possible bearded seals will 
be made at two locations on the Beaufort Sea coast (Barrow and 
Prudhoe Bay) in November and March. To the maximum extent 
possible these collections will be done in conjunction with 
proposed integrated winter ecological studies. Subsequent to 
these collections, data from the Beaufort Sea will be synthe
sized and a final report for that area prepared. 

2. The utilization of prey by ringed seals in relation to the 
available spectrum of prey will be examined in Norton Sound. 
Otter trawls will be done in the same locations from which 
seal specimens are obtained. Species composition of the trawl 
catch will be quantitatively compared to the stomach contents 
of the seals. We will attempt to do this in November and in 
June. 

3. Limited collections of stomachs from ringed and bearded seals 
will be made in the spring at several villages selected for 
monitoring purposes. The villages are Nome, Gambell, Diomede, 
and Shishmaref. A large amount of historical data is available 
from each of these locations. These collections will be 
reduced in size from previous years and will involve minimal 
field participation by project personnel. 
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4. Seal food habits data will be collected during the spring from 
villages in the southern Bering Sea. Only very limited data 
are now available from that area. 

5. Shipboard work will be done in the Bering Sea ice front in 
April. The purpos~ of this work is to refine our evaluation 
of the utilization of forage fishes by spotted and ribbon 
seals. This is a question of major interest not only for 
OCSEAP but also for multi-species fishery management. 

6. Whenever possible, specimen material from belukha whales will 
be collected and analyzed. It is anticipated that most 
material will come from the Chukchi Sea. 

7. If possible, stomachs from arctic foxes trapped along the 
Beaufort Sea coast will be examined. Material will be provided 
by other OCSEAP investigators as arranged through the Arctic 
Project Office. 

8. Literature necessary for the preparation of final reports will 
be accumulated. Final analysis of our data will be begun. 
Extensive use of OCSEAP data in the NODC data banks is antici
pated. 

VI. General Strategy and Approach: 

The strategy proposed to evaluate the trophic relationships among 
ice inhabiting seals is as follows: 

1. A large number of stomachs from the four seal species will be 
collected from coastal and offshore localities in the Bering and Chukchi 
Seas at various times of year (see Section VII). Particular emphasis 
will be placed on sampling in the Beaufort Sea. 

2. Volume of stomach contents will be determined and prey items 
identified and quantified (see Section VIII). 

3. From these samples, the major food dependencies of each seal 
species will be correlated with the important variables of age, sex, 
season, and geographical areas. 

4. Prey utilization will be compared with prey abundance (as 
indicated by the literature, results of other OCSEAP projects, and 
trawling conduct~d by this project) to determine degree of selectivity 
and availability of primary and alternate food sources (see Section 
VII). 

5. Trophic interactions among the ice inhabiting phocids as well 
as trophic interactions among these species and other major components 
of the marine system will be examined. 
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6. Finally, ·we will integrate information on life histories of 
important prey species with'the information described above and evaluate 
at the system level the potential impact of OCS development. on the 
species of seals being considered. 

VII. Sampling Methods: 

As during the previous contract years, we will obtain specimen 
material in two primary ways: 

1. The bulk of our specimen material will be collected at coastal 
hunting villages located in the study areas. 

2. In areas and at seasons of the year where specimen material 
cannot be obtained in the above manner, we will collect specimen material 
ourselves, mainly from ships and helicopters. When collecting from 
ships, we will sample. the available food resource by means of otter 
trawls. 

Location 

Village Collections 

Southern Bering Sea 
Nome 
Gambell 
Diomede 
Shishmaref 

Ship and Helicopter Collections 

St. George Basin/Bristol Bay 
ice-reinforced vessel with helicopter 

Norton Sound 
small boat 

Beaufort Sea 
helicopter 

Sampling Schedule 

April-May 
May-June 
April-May 
May-June 
July 

April 

November, June 

November, March 

Field collection efforts will be substantially reduced from previous 
years. Village collections will be made in conjunction with other ADF&G 
activities and will not require direct participation by the principal 
investigators. All collections are designed for specific purposes such 
as monitoring or filling of major data gaps. The adequacy of small 
samples _will be evaluated in light of variability observed in large 
samples. 

VIII. Analytical Methods: 

Seal stomachs will be preserved and taken to the ADF&G office in 
Fairbanks. The contents will be separated and identified using appropriate 
keys and comparative material on hand. Some identifications will be 
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made at the University of Alaska Marine Museum/Sorting Center. Esti
mates of the numbers and sizes of individuals, and measurements of 
volume (water dispiacement) will be made for each prey type. Results 
will be compiled and tabularized, and comparisons will be made of foods 
utilized by species, age group, sex, locality, and time of year. Com
parisons will also be made of food utilization in relation to availa
bility, both on a narrow scale by comparing the results of otter trawls 
in areas where seals are collected with the food items found in seal 
stomachs, and on a broad scale by comparing overall distribution and 
abundance of prey (as determined by other investigators) with stomach 
contents of seals taken from the same geographical area. Many of the 
techniques used and problems encountered in investigations of feeding 
habits of pinnipeds have been discussed by Spalding (1964). 

IX. Deliverable Products: 

A. Digital Data 

1. Parameters Recorded 

File Type 025 
Marine Mammal Specimen 

Common to all records: 
File Type 
File Identifier 
Record Type 
Specimen Number 
Sequence Number 

Record Type 1 - Location 
Latitude/Longitude 
Date/Time of Collection 

Record Type 2 - Physical 1 
Taxonomic Code 
Subspecies/Sex Code 

Record Type 6 - Stomach contents 
Total Volume of Contents 

Record Type 7 - Stomach Contents Species 
Taxonomic Code/Subspecies 
Number/Volume of Items Identified 

Record Type 8 - Text 
Text 

Record Type 9 - Age 
Age/Age Accuracy Code 
Age Unit Code 
Age Determination Code 
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The above data parameters will be used to analyze the food 
habits of seals with respect to time, location, age, and sex. 

2. List of digital products. 

See attached Data Products Schedule. 

B. Narrative Reports 

It is not anticipated that any reports other than quarterly, 
annual, and final reports will be generated by this project. 

C. Visual Data 

All visual data will be included in quarterly, annual, and 
final reports. These data will be in map, diagram, and table 
form. 

D. Other Nondigital Data 

None 

X. Quality Assurance Plan: 

The identification of prey items found will be verified as necessary 
by the University of Alaska Marine Museum/Sorting Center, or other 
experts as appropriate. Additionally, field work, especially on ships, 
will involve direct collaboration with investigators of other disciplines. 
Comparison of findings with results of other studies conducted in Canada 
and the USSR will continue to be undertaken. Methods are described in · 
Sections VII and VIII. Processing of data involves sorting into subsets 
followed by calculations of means and percents. Such sorting and calcu
lations are done manually or with computers or calculators. 

XI. Special Sample and Archival Plans: 

A reference collection of representative organisms found in the 
stomachs of seals is being assembled and stored at the ADF&G office in 
Fairbanks. Examples of unusual specimens will be given to the University 
of Alaska Marine Museum/Sorting Center. Specimens of special interest 
to other investigators will be made available whenever possible. 

XII. Logistics Requirements: 

See attached logistics requirements forms. 

XIII. Anticipated Problems: 

The success of field collections of seal specimen material is by 
nature somewhat unpredictable. Certain periods of very active hunting 
in coastal villages are quite predictable. All village collections will 
be done during those active hunting periods. 
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Most ship and helicopter operations will require OCSEAP logistics 
support. Lack of appropriate logistics and inclement weather are the 
major problems anticipated in those operations. 

Data retrieval and analysis will be extremely important during the 
upcoming contract year. Negotiations are presently underway for the 
purchase of a data microprocessor to facilitate in-house data entry and 
data analysis. We anticipate an initial shakedown period in which to 
familiarize ourselves with hardware and during which software must be 
written and debugged. After that period data analyses should proceed 
smoothly. In addition to analyses of in-house data we will require 
retrieval of data from other OCSEAP research units by NODC in order to 
more broadly examine trophic relationships among seals and their prey 
species. Without such data from other investigators and from NODC our 
analyses will of necessity be incomplete. 

XIV. Information Required from Other Investigators: 

Supporting information on the natural history of two of the four 
species of seals being studied (ringed and bearded) will be provided by 
OCSEAP RU #230. Information on ribbon and spotted seals is available 
from other sources including unpublished data of ADF&G. 

Detailed information on the distribution, abundance, natural history, 
and hydrocarbon sensitivity of key food items is needed in order to 
assess potential effects of OCS development on the seal species being 
studied. Listings of key prey species and the types of information 
needed have been made repeatedly in quarterly and annual reports of this 
project and in direct communications with project office personnel. 
Some examples are included in Section 5-E. 

XV. Management Plan: 

1. Fiscal management of funds which may be obtained for this 
project will be handled through Mr. John Stewart, Division of Administration, 
Alaska Department of Fish and Game, Juneau. This Division provides 
monthly accountings of expenditures and aspects of the contract in 
accordance with mutual requirements of the contractor and contractee. 

2. Scientific management within ADF&G will be' the responsibility 
of John Burns, Fairbanks. Responsibilities include general coordination 
of all aspects including commitments relating to data management, field 
operations, logistic requirements, laboratory work, and editing of 
reports. 

3. Research activities are the responsibility of Lloyd Lowry, 
Kathryn Frost, and John Burns. These principal investigators are respon
sible for actually accomplishing the sci~ntific studies called for under 
terms of the contract. They shall actively lead the proposed work and 
shall take full responsibility for timely completion of all objectives. 
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4. Outside coordination, review, and direction will be provided 
by the OCS Project Office, Geophysical Institute, University of Alaska. 

XVI. Outlook: 

The only field activities planned for FY 80 would be conducted in 
the Norton Basin lease area. Two distinct projects are presently being 
contemplated. One project will involve an in-depth study of the seasonal 
changes in major food items of ringed seals. The abundance and food 
habits of primary forage fish species (arctic and saffron cod) will also 
be examined. The second project will examine summer utilization of the 
coastal zone of Norton Sound and the southern Seward Peninsula by spotted 
seals and belukha whales. Distribution of these species will be compared 
with distribution of forage fishes which has already been determined by 
another OCSEAP project. Limited selective collections of spotted seals 
will be made to verify the forage species being utilized. Analysis and 
synthesis of data and preparation of final reports for most lease areas 
are planned. Computer and graphics assistance will be required. A 
funding level of $80,000 should be adequate for FY 80. 

XVII. 1. Updated milestone charts will be submitted quarterly. A 
schedule for processing and analysis of past year's data 
will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submitted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher cate
gories will be represented by the voucher specimens that 
will be preserved, labeled, held, and shipped to an 
official OCSEAP-designated repository in conformity with 
OCSEAP voucher specimen policy. 

4. At the option o.f the Project Office the PI is prepared to 
travel to the Project Office at least twice during the 
contract year to review project status and progress. 
Such reviews will be scheduled on dates mutually satis
factory to both parties. It is understood that costs of 
the travel and per diem for these trips will be borne by 
the Project Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-
13). 

6. Data will be submitted within 120 days of the completion 
of a cruise or three month data collection period, unless 
a written waiver has been received from the Project 
Office. 
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Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds 
remains with the U.S. Government pending disposition at· 
contract expiration. New equipment purchased will be 
reported quarterly and inventoried annually. The PI will 
maintain inventories of all expendable and non-expendable 
equipment purchased with OCSEAP funds. Information will 
be recorded as shown on form CD-281, "Report of Government 
Property in Possession of Contractor" (copy attached). 
Updated copies of these inventories will be submitted 
quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted 
to the appropriate Project Office at least sixty (60) 
days prior to release, for information and for forwarding 
to BLM. The release of such material within a period of 
less than sixty (60) days shall be made only with prior 
written consent of the Project Office. News releases 
will first be cleared with the appropriate Project Office. 

10. All publications and pres.entations of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
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Data 'I'ypc Ncdi.2 
(i.e.· :ntertidal, 
Benthic Orge~i2~s, 
etc.) 

(Cards, cod
i~g sheets, 
tapes, disks) 

total volume of 
stomach .contents 
and volume and 
number of individ
uals of each species 
found in contents 

total volume of 
stomach contents 
and volume and 
number of individ
uals of each species 

~found in contents 
\,0 

~total volume of 
stomach contents 
and volume and 

coded data 
sheets, cards 
mag tape 

coded data 
sheets, cards 
mag tape 

coded data 
sheets, cards 
mag tape 

number of individ~ 
uals of each species 
found in contents 

total volume of 
stomach contents 
and volume and 
number of individ
uals of each species 
found in contents 

coded data 
sheets, cards 
mag tape 

DIGITAL DATA PRODUCTS SCHEDULE 

Esti:nated 
Volu:ne 
(Volume of 
processed data) 

up to 50 stomach 
samples, 1500 cards 
1 tape 

up to 50 stomach 
samples, 1500 cards 
1 tape 

up to 250 stomach 
samples, 7500 cards 
1 card 

up to 150 stomach 
samples, 4500 cards 
1 tape 

OCSEAP 
Formnt 
(If known) 

025 

025 

025 

025 

'Processing and 
Formnting done· 
by Project 

Collection 
Pe::iod 

(Yes or No) (Month/Year to Honth/Year) 

format-yes 
processing-yes 

format-yes . 
processing-yes 

format-yes 
processing-yes 

format-yes 
· processing~yes 

10/78 to 12/78 

.1/79 to 3/79 

4/79 to 6/79 

II 

7/79 to''9/79 

Sub::lission 
(Honth/Year) 

3/79 

6/79 

9/79 

12/79 
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April 7, 1978 

Dr. Gunter Weller 
OCS Arctic Project Office 
Geophysic~l Institute 
University of Alaska 
Fairbanks, ~~ 99701 

Dear Gunter: 

In the process of considering the potential sensitivity, particularly· 
from the trophic point of view, of the Beaufort Sea to OCS development, 
arctic cod (Boreogadus saida) repeatedly appear as a key element. Other 
types of organisms such as euphausiids, amphipods and mysids are certainly 
also important but it appears that among the sma11 crustaceans there are 
several species which fill similar ecological roles. Arctic cod are the 
only couwon plankton eating fish found both nearshore and·offshore. As 
trophies studies in the area have progressed, the apparent importance of 
this species to other vertebrates, particularly to ringed seals in the 
w:tnter,. has increased greatly. I suspect that arctic cod a:re also 
important in the diet of belukha whales in the Beaufort Sea. They also 
function as competitors for food with other plankt )res such as bowhead 
,.;hales. 

We have discussed in the past the desirablility of petrochemical tolerance 
studies on Boreogadus. I'd like to take the liberty to suggest some 
d~sirable information products that would be of great value both in 
prediction and evaluation of OCS development effects. 

A survey of available literature indicates that the eggs of arctic cod 
are released under ice in tha winter and float. They presumably end up 
in a layer just below the ice where they stay for several months. They 
tr3nsform into lar-Jae in spring and again are usually found near the 
surface although they apparently can and do move vertically in the '"ater 
column. As we know, oil also floats and therefore a release of oil or 
gus under ice in winter (the most likely type of disaster given present 
development scenarios) would put the petrochemicals and eggs and larvae 
in very close proximity. The vertical distribution of arctic cod eggs 
and larvae in the water column throughout the winter and spring should 
be verified. The exact position of the eggs relative to the ice could 
make a major difference in mortality caused by oil. It seems to me that 
collections could be made quite simply with some sort of pump system 
operai:ad through the ice. This could also be done at several locations 
rn=rhaps at only one time of year after the peak of spawning) to get a 
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picture of geographical distribution of eggs. PrelimiDary data we 
collected last summer indicate that 'adult Boreogadus are leas common 
east of Prudhoe Bay than to the west. In conjunction with temporal 
sampling of vertical distribution of eggs and larvae, the petrochemical 
sensitivity of these .~evelopn~ntal stages should he investigated. It 
seems quite common for different life history stages to have different 
tolerances to petrochemicals. Attention should be given to induced 
morphological abnormalities as well as lethal limits. It should then he 
quite easy~ given some basic information on dispersion and diffusion of 
oil and its constituents in the water column, to predict the effect of 

. an oil release on early life stages of arctic cod. In the event of an 
actual release of oil it should be possible to easily do on-site collections, 
make comparisons with baseline data, and actually.evaluate effects. 

Adult arctic cod should also prove useful as an indicator. In summer 
they are distributed throughout the water column and as such only a 
portion of the population would contact surface oil. It would nonetheless 
be valuable to have baseline data on effects of oil on survival and 
vitality· of adults •. The most likely effects on adult arctic cod would 
he mediated through the food chain and would be manifested as reduced 
abundance, reduced fecundity, reduced growth or a shift in food habits. 
Samples can he collected relatively easily in SUI!Illler by otter trawls and 
in winter by jigging through the ice. I would suggest selecting three 
stations within the proposed lease sale area and collecting arctic cod 
at those stations in August and November. These ~amples should be 
examined for age and growth, food habits, and reproductive status. When 
development commences, on-site samples should be collected. \-lhen compared 
with baseline samples these should allow evaluation of effects of drilling 
muds and petrochemicals. It would also be wise to monitor levels of 
hydrocarbons and heavy metals in adult fish collected near development 
activities. 

As you can see I feel there is great potential to use Boreogadus as an 
indicator species. The position of this species in arctic food chains 
is such that it could serve as a monitor of the health of much of the 
pelagic food web provided that sufficient baseline data are available. 
If the effects of environmental insults on arctic cod are known. the 
effects on higher trophic levels can be reasonably v1ell predicted. 
Data collected in the Beaufort Sea would be of considerable value in 
other areas as well since Boreogadus is important in the trophic systems 
of the Chukchi and northern Bering Seas. I liope that studies such as 
suggested here will be initiated soon because I feel they would substantially 
increase our ability to predict and subsequently evaluate the effects of 
OCS development in arctic waters. 

Sincerely, 

Lloyd ·F. Lo~1ry 
~..arine HallllllSls Biologist 
LFL:lm 
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Table 18. Key prey species of ribbon, spotted and bearded seals in the Bering, Chukchi and Beaufort Seas. 

Ribbon 
seals 

Spotted 
seals 

Ringed 
SC:llS 

Bearded 
seals 

Southeastern Bering Sea Northern Bering Sea 

Ther~ra chalcogra~~a 

Lycodes spp. 
Mallotus villosus 
Pandal.~ spp. 

Nallotus villosus 
~£~r~ii;; chiiicogramma 
_Clupea harengus 
Parid_alus spp. 

_c;hionocetes_ opilio 
!iY_<!:.~ spp. 
~~~- lar 
.f_r<l_l]_gon_ ~alli 

Theragra chalcogram~a 
Boreogadu~ saida 
Pandalus lloniurus 

Eleginus _gracilus 
Clu.E._ca hare~gus 
Osmerus esperlanus 
Ammod:ztes hex~us 
Pandalus _goniurus 

Bor~:1dus_ E_aid_g_ 
~-!_r:_g_:i_,_~~ _gracilus 
Pandalus spp. 

,!l.:yas coarctatl!_~:-.: 
Chionocetes opiiio 
Serripes _groenlandicus 
Aq;is lar 

Chukchi Sea 

Clupe_~ harengus 
Eleginus gracilus 
Boreogadus saida 
·Crangon septemspinosa 

Borcogadus E_aidn 
Eleg:Ln~~ _grncil_~ 
Crangon septemspinosa 
Ampelisca spp. 

~ co arc ta tus 
Serripes _groenlandicus 
Crango~ septem!pinosa 
Argit?_ lar 

Beaufort Sea 

Boreogndus saida 
P ;.~ra themis t-;-hlellula 
.:±J..!:Ysnnoessa spp. 
.!i :is i ~ li_~_!: c;:: :tli s 

Hvas coarctatus 
Sabinca septcmcarina.ta 
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February 16, 1978 

Dr. Gunter Ueller 
OCS Arctic Project Office 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

Dear Gunter:· 

JAYS. HAMMOND, COVERNOR 

13011 COLL£6£ ROAD 
FAIRBAHXS 99701 

Lloyd and I have spent considerable time during the last week thinking 
about Beaufort Sea trophic interactions and the direction of future 
work. We have come to the not so startling conclusion, as have many 
others before us, that "we" (the marine mammal team, OCS, and/or the 
scientific community) can 1 t learn everything about everything, iqid even 
if we could we probabl.y wouldn't understand all the implications. l\'e 
can, however, make a better stab at some parts of the system than at 
others. Ue can probably make a reasonable evaluation of pelagic food 
webs - identification of important species and interactions among those 
species •. In the Beaufort Sea, the pelagic system is in general less 
species-rich, the energy inputs are fewer, and the higher trophic level 
species, i.e. mammals and birds, are more obvious than in the benthic 
system. 

Benthic communities are a much different story. In many parts of the 
world they have been much studied and are still a puzzle. They uill 
probably remain so in the Beaufort Sea for some time. Ideally we should 

. know something about the diversity and. standing stock of the benthos, 
species composition, and seasonality of all those parameters. Some of 
this information is available at present, particularly for infauna. 
Additionally we should know something about production rates within the 
system, the input and flou of energy and materials, and the interaction 
of species. This ;~e simply do not have the time or money to do a good 
job on. There are too many species and too many connections within the 
benthic comn1unity. The best we can do is accumulate data on community 
structure and as time goes on hope to fill iii bits and pieces on interspecies 
dependencies. 

' One of the prime data needs in the benthic system is information on the 
gross distribution of the invertebrate epifnuna. In addition to species 
lists and distributions we need identification of epifaunal associations -
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Dr. Gunter Weller -2- February 16, 1978 

e.g. identifiable epifaunal communities. We might then be able to rank 
the importance of the various communities to the ecosystem as a whole 
and develop priorities relative to what areas development should or 
should not be impacted. 

One of the reasons the pelagic system is more approachable is that food 
webs are fairly simple and key species for future research have already 
been identified. This, to date, has not been done in the benthic system. 
If epifaunal associations or communities could be identified,· one could 
then determine one or two characteristic or "key" species from a community 
and proceed to determine physical and trophic sensitivities of those few 
species. vie at present have no focal point within the benthos. Data 
exist on· a variety of sped.es but there is no ·adequate way to prioritize 
importance within the coll!lliunity. · 

The ideal situation7 for those of us doing the science and for user 
agencies~ would ·be a perfect understanding of all links within the 
system. Such understanding vrould allow the development of a model which 
could give complete predictability of the consequences of petroleum
associated development. Obviously such complete understanding is not 
within reach. Desirable, though less than ideal, would be thorough 
understanding of at least the major links within the system, effects of 
natural variation on those links, and reliable predictability of the 
effects of human~caused perturbations. Even this is probably not attainable• 
What the study of trophic interactions within a·system·can do is provide 
partial understanding of small parts of. the system and actual or hypothetical 
interaction.s .. among some of those parts. Hith this understanding of 
parts we can make educated guesses ·as to po-ssible ~Qr probable ramificittions 
of disruption to the system. He cannot make absolute statements about 
\vhat ~~ill happerr·~-; ·.He can :i,dentify poteittiai differential sensifl..vity of. 
parts of the system, evaluate which times or places or ·species appear to 
be most or least vulnerable, and make recommendations as to ho\-7 to 
minimize potential detrimental effects of OCS development~ 

Some realistically obtainable goals, which should increase our understanding 
of the system, are as follows: 

1} Delineation of major species interactions or 11 key links11 in 
the Beaufort Sea. We can do.this in a general manner for the 
benthic. food web and in a much more specific lnanner for the pelagic/planktonic 
food web. 

2) Assessment of the sensitivity of key links to .both natural 
fluctuations and to expected huw.an-caused perturbation. 

3) Extrapolation from the sensitivity of parts to the sensitivity 
of entire systems or subsystems. 

An example of delineation of species interactions within a subsystem is 
as follo;-1s: 

Sun -7phytoplankton__:;copepods ~arctic cod --~seals, birds, peOple 
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Prior to this summer the link nmv entitled copepods ~;.;auld have read 
zooplankton. . In light of data acquired during the 1977 GlACIER cruise, 
,.1e nm• knm¥ that in offshore areas during the summer copepods form the 
bulk of the arctic cod diet. Additionally it appears that arctic cod 
may select for a certain size or species of copepod (Calanus hyperboreas 
and Euchaeta glacialis, .large predominantly deep \·later arctic species, 
were two of the most abundant prey items). This is a subsystem we can 
really do something •vith. Some historical data are available on copepod 
distribution. Determining physical parameters are known for at least 
some species in some parts of the \vorld, and some species have been 
tested for hydrocarbon sensitivity (Calanus hyperboreas was treated in 
the Canadian arctic and found to be "surprisingly resistant to oils 
tested"). .t' .. milysis of data such as these should provide a basis for 
begimiing to assess sensitivity. About arctic cod \ve knavr relatively 
little. He do, however, know enough to establish it as a key link. 
Ringed seals utilize a very few prey species iiJ. the Beaufort S2a. 0£ 
these prey species some seem to be only seasonally available in large 
quantities (euphausiids, hyperiid amphipods) while others are available 
in smaller numbers and amounts (amphipods) mysids) but apparently over a 
\vider temporal and geographical range. Arctic cod is the remaining 
major prey item. Cod are available year-rour:d in apparently more or 
less constant numbers. They are relatively large and energetically 
efficie..1t prey species. They seem to be a mainstay item in the diet of 
ringed seals. \-lith the aforementioned information ~·le can extrapolate as 
to the sensitivity of that subsystem. Were copepod numbers to be depleted 
by a large-scale-environmental perturbation it seems reasonable to guess 
that offshore arctic cod \vill be affected. This might be in the form of 
worsened physical condition and heightened susceptibility to predation, 
movement of arctic cod to unaffected areas, or arlU!sted production and 
development.of next year's young. Any of tl).ese may-result in lessened 
availability of food -to ringed seals. Depending on time and location 
this may lead to poorer physical condition, causing increased susceptibility 
to disease or predation, production of fe~ver or smaller young) or migration 
from the area. 

Examination of the above system does provide us 'tolith a basis upon which 
to predict effects of perturbation. It vlill probably not lead to recom
mendations of where or when to develop) but it does begin to allow 
evaluation of the magnitude of effects of catastrophic events and give: 
us a baseline picture of what the system looks like. 

A second type of subsystem analysis might give information \vhich would 
bear on lease tract selections. For example, bearded seals are closely 
tied to the benthic food 't?eb. Upon identification of benthic community 
types, it ,;rould be possible to evaluate w·hich of those types are most 
suitable as bearded seal foraging areas. With information on geographical 
distribution of those communities we can recommend sensitive areas 
\vhere, for example, the sinking of oil or perturbation of the bottom 

·would not be desirable. 

All of this is leading up to a slightly different approach to the 1978 
Beaufort Sea trophies cru:Lse, and to the trophies \Wrk in general. As 
has. been. discussed previously, '"e ;.;auld like to have a three-\·Teek plankton, 
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fish, benthic invertebrate> and marine mammal cruise. · Participants · 
would include Alaska Department of Fish and Game and University of 
Alaska personnel> Rita Horner and Dre•• Carey. Sampling operations to 
take place on board \vould include traHling, plankton ·tm·rs, grabs, and 
seal collecting. Presumably a second cruise Hould address similar 
questions from the bird point of vie\v. He would attelilpt to further 
delineate species interactions in the pelagic system and determine basic 
community composition in the benthic/epifauna system. Projects \YDuld 
break down as.follows: 

Phytoplankton and zooplankton - ·Rita Horner 
Benthos - Drew Carey 
Epifauna, demersal fishes, seals - Frost./Lo•vry/l1ueller; Fay /Shults 

Table 1 outlines a suggested field sampling program. 

We \vould like to sample several discrete areas or "stations" rather than 
do survey type sampling. Recommended station locations for the three
\veek cruise are: the edge of pack ice at approximately 156° (off Barrm.;r); 
153° (off Pit.t Point) to. accommodate historical benthic sampling at that 
location; 14 °-150° (bet\Veen Prudhoe and Harrison Bays); and 145° (off 
Camden Bay). These locations bracket the proposed lease area and incorporate 
areas \<l'here historical data are available. In addition to these designated 
stations we need to retain the flexibility to stop and examine areas of 
high biological activity. From last summer's \•York it is obvious that 
the Beaufort Sea is not homogenous as regards biological activity. If 
critical areas· do in fact exist they ••ill be in areas of greater activity. 
At present 'tve. have little way to predict where tho,;; may he. 

A model cru~se .for the first three \veeks would be: 

Aug. 1 
Aug. 2--4 
Aug. 5 
Aug. 6-9 
Aug. 10 
~ug. 11-15 
Aug. 16 
Aug. 17-20 
Aug. 21 

onload in Barrow> proceed to station off Barro•v 
. work Barro\v station 
transit and trawls 
Pitt. Point station-historical benthic and station work 
transit, trawls, etc. 
Prudhoe/Harrison station 
transit, trawls, etc. 
Camden Bay station 
transit to Prudhoe, offload marrunal people 

In addition to field sampling, we would suggest the following associated 
data analyses: 

Frost/Hueller - analyze trawl data for patterns of epifaunal inver
tebrate distribution, and identification of epifaunal communities. 

Carey - analysis of feeding types within the benthos, identification 
of major trophic links. 

Horner - compilation of historical information on fluctuations in 
algal production, analysis of determinants of ?nnual algal production 
(e.g. light, temperature, salinity, ice cover, nutrie.tts, etc.). 
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Table 1. Field sampl~ng. 

Phytoplankton 

Zooplankton 

Benthos 
(Grabs) 

Epifaunal 
Demersal Fish 

Seals 

Horner 

Horner 

Horner 

Production, how does ice affect production, etc. 

Sample fish food availability concurrent with otter ttawls.(esp. copepods) 

Sample seal, bird and bowhead 'tvl.ale food availability concurrent 'tvith 
bird or mammal collect~ons 

Horner & Carey Sample underice and pelagic amphipods and determine food habits (do this 
on a seasonal basis) 

Pitt Point - continue present work on seasonality 

Carey & Horner Sample benthic amphipods and determine foods on a seasonal basis. 

Frost/Lowry 

Frost/Lowry 

Compare with pelagic &nd underice amphipods 

Sample demersal fish food availability.by sampling infauna concurrently 
with otter tra"tvls. G:r:i:i.bs to be worked up primarily for those species or 
groups appearing as food items. • 

Demersal fish distribution 

Polar. cod natural. histbry 

Demersal fish food habits Carey 

Lo~vry/Mueller. Polar cod food habits 

Frost/:Hueller Epifaunal invertebrate ·:distribution, conununity structure 

Fay/Shults. Paraqitology/pathology:of demersal fishes 

Frost/Lo\vry 

Fay/Shults. 

Food habits, predator/prey ratios of major invertebrate species (Hyas, 
sea stars, · snails, etc·;'): 

q 

Seal food. habits 

Parasitology/pathology ,'of seals 
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Horner - analysis of historical data and literature for requirements 
of Thysanoessa spp., Hysis spp., and Parathernisto spp. - relation to 
temperature and salinity, and \vhat' s known about reproductive periodicity, 
life span, seasonal and yearly fluctuations in distribution and abundance, 
food habits ,.Jith whatever seasonal variation might be kno1m. 

Frost/Lowry - analysis of demersal fish distribution. 

Fay /Shults - estimate parasite load, rates of occurrence of pathogens.· 
and pathological conditions in seals of the Beaufort Sea and compare 
these with rates in like hosts over a \vide area of the Alaskan continental 
shelf. 

Success of this sampling approach will depend on timely sample analysis 
and good communication and data exchange among investigators. If sample 
analyses could be complete \vithin 4-6 months, or at least major crucial 
comparative station \vork done, there could be time to put together 
syntheti-c reports by the spring, reevaluate the year r s effort, and 
redirect sampling· effort for the follm·ring sum;11er if desirable. 

The following products might result from this sampling approach: 

1) An assessment of the sources of offshore production, integrated 
with available ice, ·oceanographic, and meteorologic data. Magnitude and 
causes of natural variation should be discussed, relative rates of 
production in open water vs. under sea ice be compared, and the predicted 
effects of .D.~~vy or light ice years on algal production presented. With 
this information one should be able to delineate citeas and/or times 
\·rhich oil spills would .be most detrimental to production, i.e. under the 
ice or in open ,,ater; during ,~inter or summer months. . Horner 

2) Analysis of historical data and compilation of existing Beaufort 
Sea records on distribution and abundance of Thysanoessa spp.~ ~sis 
spp., and Paramethisto spp., and delineation of determining factors. 
Compilation and·analysis of literature on life history events, seasonal 
food habits, reproductive periodicity, etc. of the same species. This 
should give US some idea of the kinds and magnitude of natural .Vc.riation 
to expect, and of the sensitivity of species to changing environmental 
parameters. Until we have some idea of natl.tral variation and sensitivity, 
we stand little chance of being able to evaluate man-caused perturbations. 

· Horner 

3) Comparison of arctic cod foods with copepod distribution and 
determining factors. This species interaction is a key link in the 
pelagic/planktonic system. By examining prey specificity, seasonal 
variation in prey, availability of alternate prey items, determining 
factors for those prey items, and sensitivity of prey to hydrocarbons, 
\ve can evaluate the sensitivity of this particular trophic link. 

Lmvry/Hueller and Horner 

lf) Comparative seasonal food habits of benthic and under ice 
amphipods. Gammarid amphipods seem to be widely distributed and available 
throughout the year. They are a major link between production/detritus 

608 



Dr. Gunter \.:feller -7- February 16, 1978 

and fishes, birds, and mammals. An understanding of w'hat sustains them 
in winter as well as summer months is important in predicting holv sensitive 
they may be to disrupted algal production or contamination of the bottom. 
Comparison of food items with availability of those speeies would be 
valuable when possible. Seasonal information may be partially obtainable 
through analysis of archived samples. Horner and·Carey 

5) Comparison of demersal fish 
samples from the same location should 
Species dependencies cari be looked at 
both predator and prey species. 

stomach contents and bottom grab 
identify some key benthic links. 
in relation to distribution of 

Carey and Frost/Lo~y 

6) Identification of epifaunal associ<,tions/cornmunities. This. 
should give a place to start looking for key species lvithin those communities, 
critical needs of key species, and their susceptibility to disturbance. 

Frost/Hueller 

7) Food habits'of key epifaunal invertebrate species, feeding 
type analysis of major benthic invertebrates, and predator/prey relationships 
\vi thin the benthos/ epibenthos. . Carey 

8) Occurrence of parasites, pathoge~s, and pathological conditions 
in seals of the Beaufort Sea. Examination of host/parasite relationships 
in conjunction lvith food habits of seals should help delineate mechanisms 
for transfer of parasites through the food web. Magnitude of parasite 
load and pathogen occ.urrence, correlated lvith physical condition of the 
seals, may shed light on the recent decline in numbers of ringed seals 
in the Beaufort Sea. ""' Fay/Shults. 

In addition to the summer icebreaker cruise l.Je 'tiOuld suggest .. extending 
this general sampling scheme to a >vinter program. Phytoplankton stud.ies 
could be modified to concentrate more on ice algae. Zooplankton studies 
could be continued through the ice \\lith the use of, for example, a one 
meter vertical plankton net and under ice tmvs from hole to hole. Fish 
and epibenthos could not be sampled in the same manner as in summer. 
However, arctic cod could be sampled by jig fishing. Seals could be 
sampled from the same general geographical area. Such lvinter sampling 
could be done at either tvo or three different times during the winter 
for example, November and April; or November, February-March and Nay-
June. Joint sampling efforts would be desirable - all participants 
could utilize the same ice holes and logistic support. Somewhere off 
the Prudhoe Bay area \-Iould be a logical >-linter station. There is a 
possibility that industry cooperation and/or assistance could be enlisted 
in providing equipment \vith ·Hhich to get through the ice, lab space, 
etc. \\'ere it deemed desirable, such a seasonal sampling program could 
be implemented as early as this spring in order to provide the maximum 
amount of data possible by leasing time. 

Gunter, I think I've written a book and I'm \vorn out. Hope these thoughts 
are useful. 

Sincerely, 

-~;?! fl~ 
Kathryn J. Frost 
Narine Nammals Biologist 
Division of Game 
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X - Actual Completion Date 

RU if _2_32 ___ _ PI: Lowry, Frost and Burns 

}!ajor Milestones: Reporting, data ~anagement and other significant 
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toGISTICS IU:QUirtEHENTS 

Please fill in all spaces or indicate not applicabic (N/A). Usc additional 
shc~ets as necessary. Budcct ll.nc items concerning locl.s tics should be keyed 
to the relevant item described on these forms. 

INSTITUTION ADF&G, Fairbanks PRINCIPAL INVESTIGATOR L.F. Lowry, et al 

A. SHIP SUPPORT Ice reinforced yessel with helicopter - St. George_ Basin/· Bristol Bay 

1. 

2. 

Delineate proposed tracks and/or sampling grids, by leg, on a chart of the area. 
Include a list of proposed station geographic positions. We propose to work within the 
ice front from Bristol Bay to approximately 174 W. Location of operations will depend on 
position of the ice at that time and can be located to optimally suit all projects. 
Describe types of observations to be made on tracks and/or at each grid station. 
Include a description of shipboard samplinz operations. Be as specific and com- . 
prehensive as possible. On stations, small ooats and helicopter will be used to collect 
seals which wiil be analyzed for stomach contents, age and physical condition. Material 
will be provided to other projects. Bottom tows will be made with a small otter trawl. 

3. Hhat is the optimum time chronology of observations on a leg 2.nd seasonal b.::sis 

4. 

5. 

and 'Hhat is the maximum alloHable departure from these optimuia times? (Key to 
c~art prepared under Item 1 Hhen necessary for clarifj.cation.) Single cruise 1 April 

to 1 May. Desire only one leg. 1 April to 25 April would be accepta~le. -

How many sea days are required for each leg? (Asst~e vessel cruising speed of 
14 knots for NOM\ vessels. Do not include running time from port to bc::i'iinn:ing 
point and from end point to port and do not include a ''eather factor.) Thirty sea 
days in a single leg is desirable. Twenty-five would be acceptable. 

Do you consider your investigation to be the principal one for tlte operation thus 
requiring other activities to piggyback or could you piggyback? our operations can run 

concurrently with other biological and/or oceano~raphic projects. 
Approximately how many vessel hours per day will be required for your observations 
and must these houn; be during daylight? Include an est:i,mate of samfling·-.time on 
station and sample processing time between station£. We w~ll hunt sea s ~ur~g all_ 
daylight hours. Otter trawls will require approx. 2 hours per day on stat~on. Sample 
processing will be done during all transit hours,the time required dependent on collection 
success. Otter trawls will be conducted during transit. 

6. Hhat equipment and personnel '"ould you expect the· ship to provide? Two small boats 
(17 foot Boston whalers) and associated equip.,deck space w; flowing sea water for ~utopsy 

,of seals,materials to construct a 4'xl0' autopsy table,laboratory space for specimen workup. 

7. '''hat is the approximate \._reight nnd volume of equipr.1ent you Hill bring? 
BOO pounds 120 cubic feet 

Will yattr d~ta or equipment r~quirc spccinl handling? 
clC!:>Cl."ibc. 
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9. 1o1111. yoU: require any gases and/or chemicals? Formalin If yes, they should be on 
board the ship prior to departure from Seattle or time'allowed for .shipment by 
barge. 

10. Do you have a ship preference, either NOlv\ or non-NOAA? If "yes", please name the 
vessel and give the reason for so specifying. Yes - The NOAA ship SURVEYOR is necessary 
because it is the only NOAA vessel equipped with a helicopter. 

11. If you recommend the use of a non-NOAA vessel, \-That is the per sea day charter. 
cost and have you verified its availability? 

· :N/A 

12. How many people must you have on board for each leg? Include a list of partici-
pants, specifically identifying any '1·7ho are foreign nationals. Three persons will be 
specifically named. at. a later date. At this time none we know of will·be foreign nationals. 
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. C. AIRCRAFT SUPPORT - liE!.ICOPTER To accompany SURVEYOR in April 

1. Delineate proposed transects and/or station scheme on a· chart of the area. 
(Note: If flights arc for. transport of personnel or equipment only from .base 
camps to field camps and visa versa, chart submission is not necessary but · 
origin and destination points should be listed). Flights will be conducted within a 
50-mile radius (or as deemed appropriate by ship's personnel) o~ the ·ship's position 

2. Describe types of observations to be made. 
Collection of seal specimens. 

3. What is the optimum time chronology of observations on a.seasonal basis and what 
is the maximum allowable departure from these optimum times? 

1 April to 1 May, or ·1 April to 25 April. 

4. Hm.;r many days of helicopter operations. are required and how many flight hours 
per day? 

6-8 flight hours per day for a maximum of 25 possible days. 
Total flight hours? approximztely 175 

5. How many people are required on board for each flight (exclusive of the pilot)? 

6. 

7. 

Two 

\Vhat are the weights and dimensions of equipment or supplies to be transported? 
100 lbs of personal gear - rifles, packs, field gear. We anticipate carrying seals 
weighing up to 6QO lbs. 

\vhat type of helicopter do you reornrnend for your operations and 'vhy? 
Bell 206B equipped w~th floats. We have found this type of helicopter to be very 
satisfactory on our previous work of this type. 

8. Do you recommend a particular source for the helicopter? If "yes", please name 
the source and the reason for your recomr.J.endation. 

NOAA 

9. \vhat is the per hour charter cost of the helicopter? . 

N/A. 

10. l~here do you reommend that flights be staged from? 
NOAA ship SURVEYOR in the Bering Sea ice front. 

11. Will special navigation and commLmications be required? 
Yes - Transponder, GNS-500 Navigation System, 30 human body bags, slings and sling ropes, 
floats, baskets on each float, intercom for 2 passengers and pilot. 
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C. AlRCl~AFT SUPPORT - llELICOl'TER Beaufort Sea 

1. Delineate propost~d transects and/or station scheme on a chart of the area. 
(Note: If flights a1·c for transport of personnel or equipment only from base 
cmnps to field camps and visa versa, chart submission is not necessary bu~· . 
origin and destination points should be listccl).we would propose to base a el~copter 
at Deadhorse and later Barrow and fly over the shore ice to leads at ~ich we would coll.ect 
-seals. Most flying should be within 40 miles of the coast. 

2. Describe types of observations to be 1:1ade. 

Collection of seal specimens. 

3. Hhat is the optimum time chronology of observations on a seasonal basis and vhat 
i.s the maximum.allowable departure from these optimum times? 
5-20 November would be optimum. A departure of 3 days earlier or later would be acceptable. 

/h Hm.,r inany days of helicopter operations are required and how Bany flight hours 
per day? Approximately 10 days of helicopter operations will be required with about 4 hours 
of flight per d~y. 
Total flight hours? 40 

5. Hmv many people are required on board for each flight (exclusive of the pilot)? 

Two 

6. Hhat are the '"eights and dimensions of equipment or supplies to be transported? 
100 pounds of personal gear including rifles, packs, field gear. We anticipate carrying 
seals weighing UP-.~t~o~6~0~0~p~o~u~n~d~s~·-----------------------------------------------------------

7. Hhat type of helicopter do you reommend for your operations and '"hy? 
UHlH equipped with floats. We have fbund this type of helicopter to be very satisfactory 
in previous work of this. type. Fixed cover is not fuel 

8. Do you recommend a particular source for the helicopter? If "yes", please name 
the source and the reason for your recomnendation. 

NOAA 

9. What is the per hour charter cost of the helicopter? 

Unknown 

10. \./here do you reommend that flights be star,cd from'? 
Deadhorse, later Barrow 

11. \-lil1 ~:peei~1l nav J~n t:ton nml conmn1nica t it~ns be req ui 1~cd? 
Yes - Transponder, GNS-500 Navigation System, 30 human body bags, slings and sling ropes, 
floats, baskets on each float, intercom for two passengers and pilot. 
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----------·-------c. AllZCltAl:T SUPPORT - Ili::LICOl'TER Beaufort sea 

l. 

2. 

3. 

6. 

7. 

8. 

9. 

10. 

Delineate proposed transects and/or station scheme on a chart of the area. 
(Note: If flicbts arc for transport of:personncl or equipment only from base 
camps to field camps and visa versa, chart submission is not necessary but . 
origin nnd destination points should. be listed). We. would propose to base a helicopter 
at Deadhorse (iater Barrow) and fly over the shore ice to leads at which we would collect 
·seals. Most flying would be within 60 miles of the coast. 

Der>cribc types of observations 'to be uade.·. 

Collections of seals. 

Hhat is the optimum tizne chronology of observations on a geasonal basis and lThat 
is the maximum allowable departure fro~ these optimum times? The period 15 Feb. to 
15 March is desirable. Withip that period optimal time is 15 Feb. to i March. 

Hmr many days of helicopter operations are required and how many flight hours 
per day? Approximately 10 days of helicopter operations will be required with about 4 hours 
of flight time per day. . . 
Total flight hours? 40 

Bmv ma·ny. people are rei:fuited on board .. for each flight (exclusive of the pilot)? 

Two 

Hhat are the \•mights and dimensions of equiprilent or supplies to be transported? 
100 pounds of personal gear including rifles, packs, field gear. We anticipate carrying 
seals weighing pounds. 

Hhat type of helicopter do you reommend for xour op,erat...i_ons and \vhv? . 
UHlH equipped with floats. We have fmmd this type: of helicopter to ~11e .very sat~sfactory 
in previous work. Fixed wing support is not required, fuel capacity is large. 

Do you recommend a particular source for the helicopter? 'If "yes", please 11ame 
the source and the reason for your recor=.:endation. 

NOAA 

What is the pcrhour charter 'cost of the helicopter? 
unknown 

\.J'here do you reommend t·hat flights be star,ed from? 
Deadhorse, later Barrow 

ll. \Hll spec:i~ll. 11.:1VJ[jat:i.on anJ communications be required? 
Yes - Transponder, GNS~500 Navigation System, 30 human body bags, slings and sling ropes, 
floats, baskets on ea~h float, intercom for two passengers and pilot. 
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Technical Proposal 

I. · Title:,_ Ecology of' Seabirds in the Bering. Strait Reg:!. on 

Research Unit # 237 Contract # 03-6-022-035208 

Proposed Dates of Contract: October 1, 1978 to September 30, 1979 

II. Principal Investigator 

William H. Drury 
College of the Atlantic 
Eden Street 
Bar Harbor, Maine 04 609 

III. Cost of Proposal f'or Federal fiscal year 

A. Science 
B. Principal Investigator provided logistics - None 
c. Total 
D. Distribution by Lease Area 

IV. Background 

$33,506.50 

33,506.50 
Norton Sound 

The major river drainage of' interior Alaska, the Yukon River and Kuskokwin 
Rivers, dumps onto the shallow coastal shelf' southeast of' Norton Sound. Low 
saline water dominated by river-born materials moves north through Norton 
Sound and joins high saline water coming from the basin of' the Southern Bering 
Sea and rising over the shelf' to flow north primarily west of Saint Lawrence 
Isl~d. The confluence of these water masses is a central feature of the 
water of this study area and is presumably in part responsible for the 
exceptionally high productivity of the Chirikov Basin and Bering Strait. 

The northward movement of water through the Bering Strait during the 
summer suggests that the effluent of oil development and secondary economic 
development in the area of central and northern Bering Sea will move northward 
and enter the area which supports a phenomenal population of wildlife. The 
seabirds population of this area (which is barely larger than the Gulf of Maine) 
is at least twice as·· large as the population of' all seabirds in northeastern 
North America south of the Arctic, i.e., from C~ntral.Labrador to Cape Hatteras. 

During the field.seasons of' 1975~1978 we have surveyed the distribution 
and concentrations of'.shorebirds, waterfowl and seabirds in the region of 
Norton Sound, Chirikov Basin and Bering Straits. 

We have made systematic studies of seabird breeding concentrations at 
Square Rock, Bluff Cliffs, Sledge Island (Ayak), King Island (Ookvok) and 
Little Diomede Island (Ignalook). 
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These studies have included counts· of nmnbers of nesting seabirds, 
measurement of the reproductive success, and identification of the foods 
brought to the young. We have surveyed the waters where these seabirds feed 
for concentrations. 

We have also surveyed the wetlands of the Southern Seward Peninsula 
between Brevig }fission and Unalakleet for distribution of waterfowl. We 
have run transects along the road running northwest, north, and northeast· 
from Nome for the distribution of breeding shorebirds on the lowlands and 
uplands. 

V. Ob,j ecti ves 

The present proposal is for fUnds to pull together these four field 
seasons of data and provide summary, analytical, interpretive and synthetic 
report.s including: 

1. Complete analysis of processes in Bering Straits seabird colonies 
including analysis of region~l differences and secUlar changes in 
colony composition at the several sites. 

2. Interpretation of data in terms .of reproductive success, feeding 
area, limiting resources, trophic relations and hence the areas to 
be considered in terms of effects of economic development. 

3. To compare our knowledge with what has been learned in other parts 
of Alaska (primarily in OCSEAP studies such as those at Cape Lisburne, 
and Cape Thompson, Saint Lawrence Island, the Pribilof Islands, Cape 
Newenham, the Semidi Islands, Kodiak Island and the small colonies in 
the northeast Gulf of Alaska.) 

For some species, such as Kittiwakes and Murres, which have been studied 
intensively elsewhere, we will weave into our reports the biological generali
zations from which we may predict the effect of future environmental changes. 

I hope especially to use this time and opportunity to bring together data 
from our New England Herring Gull Studies (nest by nest data at one colony 
over 5 years combined with island by island data for 23 colonies over 2-7 
years) with parallel data available for Kittiwakes in Alaska waters. In 
this way I want to analyze ecological processes of these similar species, 
to compare our observations with ecological models and hence explain the 
geography of certain key species of alcids and gulls which are indicators of 
oceanographic conditions. These generalizations will be used to discuss the 
special situation among those alcids which by their restricted distributions 
are especially vulnerable to disturbance associated with marine transportation. 

The sorts of analyses, the theme, and assumptions upon which my models 
are based have been discussed in previous apnual reports, See especially 
"Present State of Knowledge" in report for 1976 and 11Introduction" to Annual 
Reports # 237 and 447 for 1977. 
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Relevance to environmental assessment: 

Seabirds are more readily counted and their reproductive success measured 
than are nearly all other species of the biological structure of northern 
seas. 

They provide clues to the biological generalizations which apply and 
are indicator species for changes in the bio1ogical structure of trophic 
levels upon which they depend. Dr. George Hunt and I prepared a report on 
the use of seabirds in the assessment of oceru1ographic conditions earlier 
this year. 

Because they are amenable to stuqy and to the formulation of generalizations 
which apply to other vertebrates and especially because their welfare is a 
concern of many Americans~ the state of .the seabird population must be a 
central element to any environmental assessment. 

In the past the seabird cliffs of the Diomede Islands,. King Island~ Saint 
Lawrence Island~ Gape Denbigh and Egg Island were. an important source of 
food for natives. At present a.hot political wind is blowing about evidently 
unrestricted spring hunting of waterfowl by natives~ a pursuit claimed to be 
an integral part of the tattered remains of their traditional culture, but 
a pursuit which is clearly against the International Migr.atory Bird Convention 
of 1918. 

Thus seabirds and waterfowl, whether as biological indicators or·present 
and potential food resources, are important parts of the human and natural 
environment of the Norton.Sound, Saint Lawrence Island waters and Bering 
Straits region. 

VI. and Viii. General Strategy of Approach and Analytical Methods 

(VII. - Sampling Methods - not applicable) 

Methods:,,' we analyze, combine and interpret data from: 

1. Colony surveys as a whole, as well as diurnal,. seasonal, and year to 
·.year changes in sample plots. 

2. Detailed comparisons of numbers of pairs, nests built, eggs laid to 
numbers of young reaching fledging. This i·Till include year to year 
similarities and differences in the same. nests and same areas of 
cliffs over three years. 

3. Comparison of data on the oceanic distribution of S€abirds and 
differences in breeding success with such data as are available on 
composition and abundance of prey species and on oceanographic 
conditions. These data on prey species and· oceanography are the 
weakest of. our data. We 1dll use those seabird data gathered by 
other workers (Principal Investigators Burns, Terrsink, Divoky) as 
those data become available. We hope also to be able to make use 
of fisheries data recently becoming available from the work of Drs. 
Barton and Wolotira. 
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IX. Deliverable Products 

A. Digital Data 

1. Data vill be digitized on for:mats 033 and 035. Format 033 vill 
be used for data on distribution of' speci.es by habitats and 
seasons including transects of .'Wetlands and over the sea. 

'Format 035 'Will be used for colony censuses, for data 
·collected at study sites (the numbers of'pairs of breeding 
birds, nests, eggs laid and breeding success). 

We are digitizing our data as required by NOAA management, 
but ve are not yet sure vhether, or how, we may use digitized 
data for our analyses, results, or products.· 

2. We plan to submit digitized data on 11floppy discs" within 3 
months of when we have the data· entry equipment and applicable 
programs. We estimate that the programs for '033 will be avail
able in September and hope that those for 035 will be available 
at the same time. · ; 

Formulating and entry of digital data into· OCSEAP format . 
will be done by the project. 

B. ·Narrative Reports 

1. A summary and interpretive report on the period 1975-1979. 

a. Special summaries of major species studied. 
b. Report specifying methods and study areas including maps 

and photographs. 
c. Overview of breeding biology of local seabirds, their 

zoogeography and trophic position iil the·general biological 
structure of the region. 

d. Discussion of the breeding biology of seabirds as these 
characteristics affect the kinds of effects, primarJ and 
secondary, which economic development may have. 

e. Review of material available on physical and biographical 
oceanography of the area, as. these materials may apply to 
.the biology of seabirds, hence future effects (e.g., reports 
of Aagard, Barton, Wologira). : 

Suggestions for methods and timing of activities (censuses 
measurements of reproductive success) which will be useful 
and minima~ly labor intensive in a monitoring program. 

f. Will include maps, graphs, drawings, tables and photographs. 
Maps will use the base maps supplied by NOAA. The presenta
tion will emphasize usefulness iri interpretation rather than 
extensive doclimentation of the data collected. We estimate 
that these will be in the order of 50 maps; and 25 drawings 
and photographs • · 
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X. Quality Assurance Plan 

The headings listed are not applicable to our work. We do intend to 
confirm the accuracy and precision as well as relevance of our counts. 

Accuracy· of data entered in digital formats will be checked against data 
on ;field forms - that is the main advantage o:r the direct data entry 
equipment. 

XI. Sample and Voucher Specimen Archiving 

Specimens of the seabird species studied are not required because the 
species are well known. 

Specimens·· of more. questionable species may be collected in the course 
of our studies on feeding groimds during 1978. Archiving of voucher specimens 
will 'be dealt with as appropriate. 

XII. Logistics Requirements -- not applicable -- field work is not planned 

XIII. Anticipated Problems and Contingency Plans -- not applicable -- field 
work is not planned. If problems arise in data entry, we will resolve 
these with Fischer and Murphy at the Boulder office. 

XIV. Data Required From Other Workers: annual and final reports from.fisheries, 
marine mammal, and oceanographic studies made in our region. We have 
approached principal investigators of those Research Units we know about 
but will continue to search for useable information. 

XV. Management Plan 

I will have 2 assistants •. These individuals will be respqnsible for 
gathering and processing data such as putting data in proper form for 
archiving and preparing them for analysis. 

I will take the necessary time from my teaching duties to ana!yze data 
and write reports. 
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DIGITAL DATA PRODUCTS SCHEDULE 

::.::a L':J?C 1-!c.di::!. Esti:natcd l?roc~ssing and 
i.e. Intertidal~ (Cards, cod- Volume OCSEAP Formating done Collection 
~nthic Organi!l:::s, ir.g sheets, , (Volume of 'Format by Project Period Sub~issic: 
::c.) tapes, disks) processed data) (If known) (Yes or No) . <.z.ronth/Yc::tr to Honth/Year) (}tontb/1-e. 

Distribution of Species Disc (unknown) 033 Yes 6/11/78 - 9/20/78 1/1/79 
by ~bitats and Seasons 

Colony censuses Disc. (unknown) 035 Yes 6/11/78 - 9/20/78 1/1/79 



Activity/Milestone/Data Management-Chart 

1978 1979 

Sept Oct Nov Dec Jan Feb Mar Apr May June July . Aug Sept Oct Nov Dec 

Qua~erly X Reports X X X X 

Annual 
Reports X 

Final 
Reports X 

0\ Digitizing 
N Data .p. 

X 
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XVI. Outlook 

We have concluded that the. effort/results of our research program has 
reached an asymptote. We beli.eve that it is best to stop, to consider and to 
report on our work and what we have learned to date. The reports have been 
sketched out above, but they in essence must consider: 

1. What we have observed in our field work. 

2. Row these observations relate to what others have reported about 
seabird/waterfowl biology and their trophic relations. 

3. How these results relate to what is known in other disciplines •. 

4. How these may be valuable· to OCS/BLH. 

Once that reappraisal has been completed, it may be profitable to plan · 
a coordinated project in which several principal investigators from several 
disciplines work together as one research group on a specific areal/functional 
analysis. We wonder whether the principal investigators which might be 
involved and the NOAA management personnel are prepared to dedicate the 
effort necessary to carry that out, but until the combination is formed we 
doubt the efficiency of continued independent specialized projects. So far, 

.a synthetic approach has existed post facto, as a result of individual efforts 
of principal investigators or through the efforts of the Arctic Project Office. 

When that decision has been made, the several prospective principal 
investigators must decide: 

1. Whether they are willing to submit their own plans to the overall 
direction of group process instead of continuing to act as independent 
feudal barons. 

2. To combine logistic efforts so that one unfortunate soul concentrates 
on seeing that recalcitrant equipment, missing supplies and..incomplete 
arrangements are tidied up instead of maintaining the frustration 
level of principal investigators at an intolerance threshold by the 
press of problems for which academic excellence is no qualification. 

3. To have available aircraft, vessels and crews of suitable size and 
qualifications instead of the present overkill of NOAA vessels vs. 
patched up local inadequacies or the capricious action of the so-called 
market system. 

XVII. Standard Statements 

1. Updated milestone charts will be submitted. quarterly. A schedule :for 
processing and analysis of past year's d.ata will be submitted. to the 
Project Office upon request. 
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2. Quarterly Reports will be submitted to the appropriate Project 
Office during the contract by the first day of January, July, and 
October; Annual Reports by· April 1. The Final Report will be submitted 
within 90 days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories will be 
represented by· the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP-designated repository in 
conformity with OCSE.AP voucher specimen policy. 

4. At the option of the Project Office the Principal Investigator is 
prepared to travel to the Project Office at least twice during the 
contract year to review project status and progress. Such reviews 
will be scheduled on dates mutually satisfactory to both parties. 
It is understood that costs of the travel and per diem for these 
trips will be borne by the Project Office. 

5. Data will be provided in .the form and format specified by OCSEAP, 
accompanied by a Data Docementation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of a cruise 
or three month data collection period, unless a written waiver has 
been received from the Project Office. 

7• Within 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23} will be 
submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract expiration. New 
equipment purchased will be reported quarterly and inventoried annually. 
The Principal Investigator will maintain inventories of all expendable 
and non-expendable equipment purchased with OCSEAP funds. Information 
will be recorded as shown on form CD-281, "Report of Government 
Property in Possession of Contractor" (copy attached). Updated copies 
of these inventories will be submitted quarterly. 

9. Three (3} copies of all manuscripts· for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project Office at 
least sixty (60) days prior to release, for information and for 
fo1~arding to BLrJ. The release of such material within a period of 
less than sixty (60} days shall be made only with prior written 
consent of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 

10. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship. The following 
acknowledgement is standard: 

"This study was supported by the Bureau of Land Management 
through interagency agreement with the National Oceanic 
and· Atmospheric Administration, under which a multi-year 
program responding to needs of petroleum development of 
the Alaskan continental shelf is managed by the Outer 
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Continental Shelt Environmental Assessment Program 
(OCSEAP) Office. 11 · 

Submission of Proposal 

One signed original and four copies of·t~e proposal are required. 
Proposals shall be sent or delivered to the appropriate office Not Later 
Than June 26·; 1978: 

OCSEAP)NOM 
Rx4 
Boulder 
Colorado 80303 

Changes to Proposals 

OCS Project Office 
Bering Sea-Gulf of· Alaska · 
P.o.· Box 1808 
Juneau, Alaska 99802 

NOAA Arctic Project Office 
Room 506, Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska· 99701 

Requests for changes to proposals, including deletions of any items of 
work listed by the work statement, changes (delays) in submissions of reports 
or data, budget changes, or changes of contract expiration dates must be 
submitted in writing to the appropri~te Project Office for approval. The 
Project Office in turn will submit recommendations (through the Boulder 
Program Office) to the Contracting Office for official authorization. Requests 
handled iri any other manner will be delayed until Project Office approval is 
secured. 
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To: National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental Assessment 
Bering Sea~Gulf of Alaska Project Office 
P .0. Box 1808 Proposal Date: 
Juneau, Alaska 99802 Contract # 

FY 1979 RENEWAL PROPOSAL 

Research Unit 243 

Program 

June 12, 1978 
03-5-022-69 

POPULATION ASSESSMENT, ECOLOGY AND TROPHIC RELATIONSHIPS 
OF STELLER SEA LIONS IN THE GULF OF ALASKA 

Cost of Proposal: $145,000 Lease Areas: Kodiak 34% 
Lower Cook Inlet 44% . 
NEGOA 22% 

Period of Proposal: October 1, 1978 through September 30, 1979 

PRINCIPAL INVESTIGATOR(S): 
Donald G. Calkins 

Name 

Signature~~~~~~·~~~~~~~~-
_333 Raspberry 

Address Anchorage, Alaska 99502 

Telephone Number -=3...:.4....:.4-_0=-'5:::..4.:.:1=-------

Date ~ ZZ} )~~ 

FTS: -------------------

INSTITUTION (include Department, if appropriate) 

Alaska Department of Fish and Game 

REQUIRED ORGANIZATION APPROVAL: 

Name 

Position 

Address Juneau. AK. 

Telephone Number _;4;:...:6::..5'---"4=1~0~0 ____ _ 

ORGANIZATION FINANCIAL OFFICER: 

Name John Stewart 

Signature tt--&es 
Position Finance Officer 

Address 219 S. Franklin, Juneau, AK 

Telephone Number 465-4120 628-

Date 

Date --------
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Technical Proposal 

I. Title: 

Population Assessment, Ecology and Trophic Relationships of Steller 

sea lions in the Gulf of Alaska. 

Research Unit No. 

Contract No. 

- 243 

- 03-5-022-69 

Proposed dates of Contract - Oct. 1, 1978 - Sept. 30, 1979 

II. Principal Investigators:· 

Donald G. Calkins 

Kenneth W. Pitcher 

III. Cost of Proposal: 

A. 

B. 

c. 

Science 

PI provided logistics 

Total 

D. Distribution by lease area: 

Kodiak 

Lower Cook Inlet 

Negoa 

- 34% 

- 44% 

- 22% 

629 

$123,000 

22,000 

145,000 



IV. Background 

Sea lions 

Steller sea lions Eumatopiaa jubatua are abundant and conspicuous 

marine mammals along much of the coast of the Gulf of Alaska, with 

a population estimated at more than 95,000 animals (Alaska Department 

of Fish and Game 1973 and Calkins et al. 1975). Because they are 

at the tertiary consumer trophic level, they are an important 

component of marine ecosystems in the Gulf. There are at least 62 

hauling grounds and rookeries in the area which are used on a 

regular, predictable basis with 44 more used on a casual basis. 

While restricted to land for breeding, pupping and to some extent 

resting, sea lions are known to be somewhat pelagic feeders and 

nomadic wander~rs (Fiscus and Baines 1966). They have been reported 

at distances of 70 and 85 miles from shore (Kenyon and Rice 1961) 

and have been seen at many localities offshore in the northern Gulf 

of Alaska (Fiscus and Baines 1966). We have noted individual 

movements of 900 miles away from their birthplace. 

Population assessment work carried out during this study is the 

first to be accomplished since 1956-1958 (Mathisen and Lopp 1963). 

Changes in seasonal distribution are becoming clearer although much 

work r~ains to be done in this area. It is apparent that there is 

considerable movement from exposed summer rookeries and haul outs 

to more protected winter areas. There may also be a net movement 
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offshore in winter although this is not clearly understood. Large 

scale movements by sea lions in Oregon have been noted by Mate 

(1973). Bartholomew and Boolootian (1960) suggest seasonal migratory 

movements correlated with age and sex in Cal~fornia. Seasonal 

movements are known to occur in British Columbia although they are 

not fully understood (Spalding 1964 and Smith 1972). 

Sex and age segregation by sea lions using the various rookeries 

and hauling areas throughout the Gulf of Alaska definitely does 

occur but as yet is not completely understood. A knowledge of the 

degree of segregation is important so that any localized disturbance 

or kill of animals can be evaluated in terms of importance to the 

total population. Data collected so far indicates that there is 

considerable interchange between rookeries and haul out areas. It 

appears as though animals from the large rookeries at Sugarloaf 

Island in the Barren Islands and Marmot Island off Afognak Island 

move extensively throughout the Gulf. We do not know if these 

animals will return to their birth place to breed. This information 

will begin to become available in the next two years as the first 

females branded during this study reach sexual maturity and enter 

the breeding population. 

Adequate information is lacking on reproduction and growth in the 

Steller sea lion. Data from other species of marine mammals (Sergeant 

1966, 1973) suggest that population productivity may be a good 

indicator of relationship to carrying capacity. Law (1959) showed 

that seals with plentiful food supplies grew faster and became 
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sexually mature earlier, thus increasing population productivity. 

There are some indications that reproductive rates of sea lions in 

Alaska are lower than in other portions of their range (Brooks 

· 1957, Pike and Maxwell 1958 and' Thorsteinson and Lensirik 1962). 

Why is this so? Have populations in some areas reached carrying 

capacity? There is some evidence that this is the case. Recent 

studies in Prince William Sound indicate that numbers are much the 

same now as they werel8 years ago (Pitcher M.S.). What are the 

various biological parameters exhibited by a stable (?) population 

of marine mammals? 

. ·The role of sea lions in the Gulf'of Alaska and their impact on the 

marine system cannot be ·overlooked. For the sake of gerienil discussion 

it is useful, using conservative values, to estimate the annual 

food requirements of'these animals. Assuming a population·of 

95,000 animals (excluding pups),· a mean weight .of· 700 pounds, a 

daily food intake of 6 percent of body weight~ (Richardson·l973 and 

Sergeant 1973) for 300 days per year, sea lions in Gulf waters of 

Alaska would consume 3, 990, 000 pounds of food per day, or· 59.8, 500 

tons per year. Fiscus and Baines (1966) found·that food contained 

in the stomach of a non-captive steller sea lion amounted to 9.4 

percent of its body weight. Food habits of sea lions in the Gulf 

of Alaska are·being elucidated by this study. Previous studies of 

food habits have mostly been incidental in nature and nearly all 

during· summer months (Mathisen, ·et al. 1962, Spalding 1964; Imler 

and Sarber 1947, Fiscus and Baines 1966 and' Pike 1968). 
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The importance of establishing trophic relations in the Gulf of 

Alaska prior to development is evident. With data now being collected 

in a number of O.C.S.-Gulf of Alaska biological studies it should 

be possible, through continuation of food habit studies initiated 

under this contract, to establish the role of the sea lion in the 

food web. 

Knowledge of sea lion populations is crucial to intelligent decisions 

concerning sea lions in relation to oil and gas development and 

production. If consideration is to be given to conservation of 

this species with respect to development in the Gulf of Alaska, it 

is of primary importance that we fully understand the extent of the 

poulation as well as it's movements and distribution, and productivity. 

Collection of materials for b?seline data on heavy metal loads will 

continue throughout this project. Environmental contaminants are 

concentrated in top level predators such as the sea lion. 

Sea otters 

Sea otters are the most vulnerable.of all marine mammals to the 

effects of oil spills. They rely on a layer of air trapped in 

their dense fur for insulation and buoyancy. When soiled the fur 

loses its water repellency and insulative qualities. As a high 

trophic level species sea otters are particularly vulnerable to 

impacts through the food chain. 
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Sea otter populations in many areas are still recovering from the 

period of overexploitation during the 18th and 19th centuries. 

Some populations have very restricted ranges and could be eliminated 

by single oil spills. Other populations are expanding their ranges 

into unoccupied former sea otter habitat. Oil spills could retard 

this range expansion for many years. 

Sea otters tend to be dynamic feeders and over time can have drastic 

influence on the invetebrate communities in, which they prey (Estes 

and Palmisano 1974, Calkins 1978). However, their trophic role in 

the ecosystem cannot be overlooked. These changes could be occuring 

so slowly that they may not be noticeable within the lifetime of 

oil production on the continental shelf. It is essential that we 

determine, at least qualitatively, what prey species are important 

to the sea otters. It would also be of great value to determine 

what prey are available to the otters through benthic studies. 

Belukha Whales 

The belukha whale population of Cook Inlet is thought to number 500 

animals although recent surveys indicate the population may be 

somewhat larger. Sears 1977 sighted over 400 belukhas concentrated 

in one place. at one time in lower Cook Inlet. It seems unlikely 

that this is more than a fraction of the population. It is not 

known whether some of these animals leave Cook Inlet periodically 

or whether all remain generally within the inlet and only occasionally 

stray. Sightings of belukhas have been made as far away as Yakutat 
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(Calkins 1977) and infrequently in the vicinity of Prince William 

Sound (Fay pers. comm. and Hall pers. comm.) 

Sightings of belukha in upper Cook Inlet are quite common in the 

late spring and summer. As the ice forms in the upper Inlet in the 

fall the belukhas are forced to move south into the lower inlet. 

By winter ice cover prevents belukhas from utilizing the upper 

inlet. During the winter we know that the bays in the lower inlet 

such as Tuxedni Bay, Chinitna Bay and Iniskin Bay are frequented by 

belukhas as well as the shallow areas around Kalgin Island. It is 

not known what proportion of the population remains in these areas 

over the winter and where others might go if they do leave the Cook 

Inlet area. 

Studies of distripution and abundance initiated under this research 

unit in FY 78 have begun to answer some of the important questions 

concerning belukha whale distribution and abundance in lower Cook 

Inlet. However, the surveys were plagued by bad weather and only 

limited information was gained. The surveys should be continued for 

one more year in cooperation with Fay and Murray under a more 

extensive, but complimentary program. 

V. Objectives 

To determine numbers and biomass of Steller sea lions in the Gulf 

of Alaska. To establish sex and age compostion of groups of sea 
I 

lions utilizing the various rookeries and hauling grounds. To 
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determine patterns of animal movement, population identity and 

population discreteness of sea lions in the Gulf. To determine 

changes in seasonal .dist~ibu~ion through resighting branded animals. 

To investigate population productivity and growth rates of Steller 

sea lions in the Gulf of Alaska with emphasis on determining age of 

sexual maturity, overall birth rates, age specific birth rates, 

duration of reproductive act~vity and survival rates for various 

sex,and .age classes. 

To determine food habits of Steller sea lions in the Gulf of Alaska 

with emphasis on xariation with season and habitat type. An effort 

will be made to relate food habits with prey abundance and distribution. 

Effects of .sea lion predation on prey populations will be examined. 

To determine daily and seasonal activity patterns of sea lions. To 

investigate the use of specific rookeries and haul outs on a short 

term basis. To determine the optimum time to survey sea lions, and 

to provide information.crucial .to the interpretation of survey data 

already in hand. 

To incidentally collect information on pathology, environmental 

contaminant loads, .critical habitat and fishery depredations. 

To determine the distribution of sea otters and identify areas 

critical to the survival of the sea otter populations in the northern 

Kodiak area. To determine food habits and prey selection of sea 

otters in the northern Kodiak, Afognak, Shuyak Islands. 
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To investigate population productivity and growth rates of Steller 

sea lions in the Gulf of Alaska with emphasis on determining age of 

sexual maturity, overall birth rates, age specific birth rates, 

duration of reproductive activity and survival rates for various 

sex and age classes •. 

To determine.food habits of Steller sea lions in the Gulf of Alaska 

with emphasis on variation with season and habitat type. An effort 

will be made to relate food habits with prey abundance and distribution. 

Effects of sea lion predation on prey populations will be examined. 

To.determine daily and seasonal activity patterns of sea lions. To 

investigate the use of specific rookeries arid haul outs on a short 

term·basis. To determine the optimum time to survey sea lions, and 

to provide information crucial to the interpretation of survey data 

already in hand. 

To incidentally collectinformation on pathology, environmental 

contaminant lo'ads, critical habitat and fishery depredations. 

To determine the distribution of sea otters and identify areas 

critical to the survival of the sea otter populations in the northern 

Kodiak area. To determine food habits and prey selection of sea 

otters in the northern Kodiak, Afognak, Shuyak Islands. 
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To delineate seasonal distribution and numbers of belukha whales in 

Cook Inlet. To incidentally collect distribution information on 

all cetaceans in Cook Inlet. 

To synthesize information available and produce a report on marine 

mammals in Lower Cook Inlet. 

VI. Strategy and Approach 

Sea lion studies will continue in the Gulf of Alaska mucli the same 

as in FY 78 but with some modifications. Distribution and movements 

studies will be carried out with increased emphasis on locating 

branded sea lions at rookeries and hauling grounds over the entire 

Gulf of Alaska. Rookeries and hauling areas will be visited in the 

area from Dixon Entrance to Cape Spencer at least once during the 

contract period to search for branded animals. Major rookeries and 

hauling areas within the O.C.S. lease areas in the Gulf of Alaska 

will be visited on a seasonal basis for sex and age compostion 

counts and search for branded animals. 

The long term study will continue on one or two selected haul outs. 

This study will investigate daily sea lion movements and distribution 

on specific haul out areas and use of areas by branded animals. 

Information will be gathered on optimum timing for survey work. 

Results of this type of work will have direct and significant 

implications on the interpretation of data already gathered by 

survey work under this research unit as weli as several other 

research projects. 
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Sea otter feeding habits will be studied by direct observation 

(Calkins 1972, 1978; Ebert 1968, Hall and Schaller 1964, Barabash

Nikiforov 1947). Observations are made from advantageous locations 

on land with the use of telescopes and binoculars. Identifications 

can occasiona~ly be made to species under optional conditions, but 

generally classifications are much broader. Most commonly identifications 

are made to groups such as clams, crabs, sea stars, fishes etc. 

Sea otter feeding habits will also be studied through the analysis 

of scats collected from the study area. Sea otter scats have been 

found on many of the small islands and rocks of the northern Kodiak 

archepelago. Scats will be collected from as many locations as 

possible, but at least from Latax rocks and from Sea Otter Island. 

Sea otter prey species can again be identified to major groupings 

and occasionally to species from diagno~tic shells or skeletal 

material found in the scats. 

Surveys will be flown with fixed wing aircraft to search for and 

enumerate belukha whales. ADF&G personnel stationed in Homer and 

Kenai will participate in these surveys, making it possible to 

survey the entire inlet at little or no extra costs. A graduate 

student from the University of Alaska will participate in the field 

phase of this work. 
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A. Sampling Methods 

Sampling meth~ds will re~ain essentially the same in FY 79 as 

they have been in the past. Prince William Sound and'Kayak 

Island will be visited as well as the Kenai Peninsula, Barren 

Island, Kodiak, Chirikof, The Semidis and the Alaska Peninsula. 

Each of thes'e areas will be visited in the summer. 

Prince William Sound will be visited again in the winter as 

well as the haul outs along the Kenai Peninsula, the Barren 

Islands·and around Kodiak Island. At each locadon, ail 

accessable hauling areas and rookeries will be visited for sex 

and age composition count (see Harstadt 1975) and branded 

animals will be searched for. 

Two people will be stationed at Marmot Island from mid March 

through mid July and at Sugarloaf Island from early May 

through mid July. These people will carry out intensive, 

daily searches for branded sea lions as well as study sea lion 

daily activity patterns. 

From the above visits we will derive sex and age composition, 

distribution and abundance, and movements information, productivity, 

daily activities and optimum survey times. 

Specimen material will be collected on an opportunistic basis 

in conjunction with other studies. Some specimen material 

collected in FY 78 will be analyzed in FY 79. 
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On the basis of information obtained in FY78, we. expect to be 

able to identify the optimal time and place in which an 

aerial census of belukhas will be most likely to.give reliable 

results. A stratified sampling design ~ill .be developed, 

based on the results of.a preliminary.surveyof distribution, 

and will be repeated on two.or three consecutive days (weather 

permitting), using the distributional information from each 

survey for planning the next. Interpretation of the census 

data, i.e. estimation of the number of animals actually present, 

as a function of the number sighted, will be based on observations 

made prior to the surveys of the animals' beha;vior,. in terms 

of surface .and sub-surface time, since the animals are visible 
..r 

only when at the sruface in this murky, silt-laden water. 

Also on the basis of the FY78 survey results and interviews 

the.areas of greatest and most frequent occupation by belukhas 

will be identified. An attempt will be made to correlate 

these with the physical and biotic characteristics, of the 

environment as determined by other OCSEAP projects. 

B. Analytical Methods 

Analysis of population data· including. distribution and abundance 

and seasonal movements will be similar to methods used by 

Mathisen and Lopp (1962), Kenyon and Rice (1961), Pike and 

Maxwell (1958), Smith (1972) and Mate (1973). A.nalysis of 

daily activity patterns will be similar to those used by 

Sandgren (1970). 
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Specimens collected from animals will be analyzed in the 

following manner: 

A. Age determination: laboratory techniques include decalcification 

of a premolar tooth trom each animal, using a microtome 

to produce thin sections and staining with a hematoxylin 

hot bath (Johnson and,Lucier 1975). Actual age determinations 

are made by microscopic counts of annual growth layers in 

the teeth (see Klev.ezal and Kleinenberg 1967 for review 

of techniques and their basis). 

B. Female reproduction: ovaries and uteri are collected 

from each female sea lion. Standard laboratory techniques 

(Bishop 1967, Bigg 1969 and Fisher 1954) for reproductive 

analyses are used through which the presence or absence 

of a conceptus is established, and a partial reproductive 

history is reconstructed by examination of ovarian structures. 

c. Weights and measurements are taken from each collected 

animal (see Scheffer 1967). 

D. Stomach contents from each sea lion are preserved in 

formalin. Weights and volumes are determined for all 

contents. Identifications of prey species are made by 

examination of recognizable individuals and skeletal 

materials of diagnostic value. Frequency of occurrence 

of prey species is then determined (Spalding 1964). 
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E. Intestinal contents from each sea lion are strained 

through mesh sieves to recover fish otoliths. Otoliths, 

which are diagnostic to species, are compared to a reference 

collection and identified (Pitcher MS). 

F. Tissue samples are being collected and frozen so that 

baseline levels of heavy metals, pesticide residues and 

hydrocarbons can be determined. Tissues will be collected 

only on an opportunistic basis. 

VII. Deliverable Products 

A. Digital morphometric, reproductive ecology, sighting, 

food habits, and census data submitted in OCSEAP format 

under File Types 025 - Mammal Specimen, and 027 - Mammal 

Sighting 01 as appropriate. Data collected on sea lions 

under RU 194 will be merged with RU 243 upon completion 

of analysis. 

2. See Tables 1 and 2 for minimum and maximum values for 

data submission. 

3. Data submissions are checked for error after each keypunching 

step. 
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B. A synthesis report on marine mammals 'of lower Cook Inlet will 

.be prepared. The report will be developed to describe and 

evaluate the potential impact on marine mammals of lower Cook 

Inlet by Outer Continental shelf oil and gas exploration, 

development and production. This objective is extremely 

important and is the basic goal of the marine mammal research 

in lower Cook Inlet. The identification of areas of potential 

risk will be derived from several sources including the location 

of exploratory platforms, the BLM development scenarios, the 

results of trajectory analysis which is being accomplished by 

OSCEAP in FY78, the results of vulnerable habitat analysis 

conducted by OCSEAP investigators in FY77 and other existing 

literature on the sensitivity of specific components. The 

first draft of this report will be prepared by May 1, 1979. 

c. The following visual data representations will be supplied on 

standard mylar overlap as agreed by PI and OCSEAP. 

0 Maps identifying (a) major sea lion rookeries and hauling 

grounds, (b) marked sea lion release and recovery locations, 

(c) sampling locations, and distribution ~f sea otters. 

°Charts illustrating (a) seasonal abundance and distribution 

of sea lions, (b) seasonal changes in their foraging areas, 

and (c) their major migration routes. 

644 



0 As appropriate, figures or tables illustrating: 

c(a) Condition of sea lion populations, including seasonal 

census information, age and sex composition, growth 

rates, and seasonal condition; 

(b) Reproductive colony of sea lions at major rookeries, 

including age of maturity, age specific reproductive 

rates, breeding season, age specific mortality rates, and 

progression of life history events (i.e. birth, lactation, 

weaning and molting); 

VIII.Special Sample and Voucher Specimen Archival 

No samples collected for future reference. 

IX. Logistics Requirements 

See attached logistics form. 

X. Anticipated Problems 

None 
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! I 
i: 
I 

Kenneth W. Pitcher* 10% 

Dennis McAllister 50% 

E. None 

F. Person Authorized to Conduct Negotiations: 

Karl Schneider 

Regional Research Coordinator 

Alaska Department of Fish and Game 

333 Raspberry Road 

Anchorage, Alaska 99502 

Phone: 907-344-0541 

XIII.Outlook: Presently the outlook for this project is to continue the 

field work on a limited scale searching for branded sea lions and 

collecting less than 10 animals in the same areas as the past with 

a general overall reduction in the field work and preparation of 

the final report. Costs will depend entirely upon timing, but by 

fiscal year should not exceed this year's budget and may be slightly 

reduced. 

Sea lion work in the eastern Aleutian Islands is extremely important 

and should be considered as the next major step in learning about 

sea lion distribution and abundance. 

! 
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XIV. A. Updated milestone charts will be submitted quarterly. A 

schedule for processing and analysis of past year's data will 

be submitted to the Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate Project 

Office during the contract year to be in OCSEAP hands by the 

first day of January, July and October. Annual Reports are 

due by April 1. The Final Report will be submitted within 90 

days of. the expiration of the contract. 

c. Where biota are concerned, all species and higher categories 

will be represented by the voucher specimens that will be 

preserved, laheled, held and shipped to an official OCSEAP 

designated repository in conformity with OCSEAP voucher specimen 

policy. Vouchering will include life history stages (e.g., 

larvae, juveniles, adults) when these are studied, and sexes 

where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the 

Project Office at least twice during the contract year to 

review project status and progress. Such reviews will be 

scheduled on dates mutually satisfactory to both parties. In 

addition, the PI may be requested to participate in program 

review or synthesis meetings as required. It is understood 

that costs of the travel and per diem for these trips will be 

borne by OCSEAP. 
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E. Data products will be submitted to the Project Data Manager in 

the form and format specified in Deliverable Products Section 

VII, A thru E. Digital data submissions will be accompanied 

by Data Documentation Form (NOAA Form 24-13). 

F. Digital Data will be submitted to the Project Data Manager 

within 120 days of the completion of a cruise or three month 

data collection period, unless a written waiver has been 

received from the Project Office.· The NODC Taxonomic Code is 

to be used for biological data submissions. 

G. Within 10 days of the completion of a cruise or any data 

gathering effort, a ROSCOP data collection inventory form 

(NOAA for 24-23) will be submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains 

with the U.S. Government pending disposition at contract 

expiration. All new equipment purchased will be reported 

quarterly and inventoried annually. The PI will maintain 

inventories of all expendable and non-expendable equipment 

purchased with OCSEAP funds. Information will be recorded on 

Form CD-281, "Report of Government Property in Possession of 

Contractor". (copy attached.) Updated copies of these inventories 

will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 

which pertain to technical or scientific material developed 
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under OCSEAP funds, will be submitted to the appropriate 

Project Office at least sixty (60) days prior to release, for 

information and for forwarding to BLM. The release of such 

material within a period of less than sixty days will be made 

only with prior written consent of the Project Office. ~ews 

releases will first be cleared with the appropriate Project 

Office. Five copies of all reprints which pertain to technical 

or scientific material developed under OCSEAP funds will be 

submitted to the appropriate Project Office when they become 

available. 

J. All publications and presentations of material developed under 

OCSEAP f~nds will acknowledge BLM/OCSEAP sponsorship. The 

following acknowledgement is standard: 

"This study was supported by the-Bureau of Land Management 

through interagency agreement with the National Oceanic and 

Atmospheric Administration, under which a multi-year program 

responding to needs of petroleu~ development of the Alaskan 

continental she1f is managed by the Outer Continental Shelf 

Environmental Assessment Program (OCSEAP) Office." 
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'DATA PRODUCTS SCHEDULE 

Data ·Type Media Estimated Processing and 
(i.e. Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, (Volume of form...a.t by Project Period Submission 
etc.) tapes, disks) .processed data) (If.known) (Yes or No) (Month/Year to Month/Year) (Month/Year) 

Sea lion Mag tapes 75 animals File types Yes Oct. 1978 Dec. 31, 1979 

Specimen data at 12 cards 025,026 through 
per animal Sept. 1979 

Sea lion Mag tapes Undetermined File type Yes Oct. 1978 Dec. 31, 1979 

Sighting data 027 through 
Sept.-. 1979 

Sea otter Mag tapes Undetermined File type Yes Oct. 1978 Dec. 31, 1979 

Sighting data 027 through 
0\ Sept. 1979 
Vl 
0 

Belukha Mag· tapes Undetermined File type Yes Oct. 1978 Dec. 31, 1979 

Sighting Data 027 through 
Sept. 1979 
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LOGISTICS REQUIREHENTS 

Please fill in all spaces or indicate not applicable (N/A). Use additional 
sheets as necessary. Budget line items concerning logistics should be keyed 
to the relevant item described on these forms. 

I 
.' 

Alaska Department of 
INSTITUTION Fish ::::an::.::.d:::........:G::.::a:::m:..::e:__.. ___ _ PRINCIPAL INVESTIGATOR Donald G. Calkins 

A. SHIP SUPPORT 

1. Deli~eate proposed tracks and/or sampling grids, by leg, on a chart of the area. 
Include a list of proposed station geographic positions. 
Cape St. Elias to Cold Bay 

2. Describe types of observations to be made on tracks and/or at ea'ch grid station. 
Include a description of.shipboard sampling operations. Be as specific and com-
prehensive as possible. · 
No· shipboard sampling. All observations will be made from helicopter or ski~fs. 

3. lfuat is the optimum time chronology of qbservations on a leg and seasonal basis 
·and ·what is the maximum allo"t-l'able departure from these optimum times? (Key to 
chart .prepared under Item 1 \>7hen necessary for clarification.) 

June 20, July 15 

4. Ho\11 many sea days are required for each leg? (Assullle vessel cruising speed of 
14 knots for NOAA vessels. Do not include running time from port to l)eginning 
point and from end point to port and do not include a •~eather .factor..) 

5. Do you consider your investigation to be·the.principal one for. the operation thus 
requiring other activities to piggyback or could you piggyback? 
Must be principal : 

-Approx_imately ho\-7 many vessel hours per day \vill be required for your observat:i;ons 
and must these hours be during daylight? .Include an estimate of sampling-time on 
station and· sample processing time between stations. 

8 hours per day . 

6. What equipment and personnel \vould you expect the· ship to provide? 

Bell Jet Ranger Helicopter 

7. l~hat is the approximate lvCight and volume of equipment you \·lill bring? 

1000 lbs. 

8. 

-------------------------------------------------
Will your data or equipment require special handling? No 
describe. 
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9;-.--.. •\:-;h;-:.l~J:::-·.-y-ou-::-::r-e_q_u--;i-:-:r::-::e-a_n_y-::g-a_s_e_s_a_n_d::-/7a_r_e-=h-e_m_1::-. c-·a~l=-s-?;:. -,;Nt::o:---....:...:I:;:-f;:-y-e-s-,-t:-:h:-e-y-s~,h:-o-1-t:-ld-:-:b:--e-a-n--._;._ 
board the ship prior to departure from Seattle or time allowed far shipment l>y 
barge. 

10. Do you .have a ship preference, either NOAA or non-NOA..\? If 11yes", pl.ease name t:lH~ 
vessel and give the reason for·s~ specifying. 

NOAA Ship Surveyor with helicopter· 

11. If you recommend· the use of a non~NOAA vessel, what is the per sea day charter 
' . . 

cast and have you.verified its availability? 

None recommended 

12. llow many people must you have on board for each leg? Include a list of p~r.t:ici·
. pants~ specifically identifying axiy who are foreign nationals, Six 

All Alaska Department "of Fish and Game employees; no foreign nationa~s •. Donald Calkins, 
K~ntietli Pitcher, Karl Schneider and 5 others. 
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C. AIRCRAFT SUPPORT - llELlCOPTER 

1. Delineate proposed transects and/or station sdu~me on a char..!: of the ar.ea, 
(Note: If flights are for transport of personnei or equipment only from l>ase 
camps to field camps and visa versa. chart submission is not necessary but: 
origin and destination points should be listed) •. 
Four Two trips Homer to.Barren Islands (2) 

· Kodiak to Marmot Island (2) 

2. Describe types of observations to be made. 

Transport equipment from base to field camps. 

3. Uhat is the optimum time chronology of observations· on a seasonal basi~ 'and tJhat 
is the maximum allowable departure from thes~ optimum times? 

April 15 to May 7 July 15 to August 1 · . . 

''· How many days of helicopter operations are required and 11m• Jnany flight hours 
per day? 4 days 6 hr I day 

Total flight hours? 24 ho1,1rs 

5. Hm,r many people are· req1,1ired on board for each flight (exclusive of tl1e pilot)? 

Four 

6. 't-Jhat are ·the '"eights and dimensions of equipment or supplies to be txansportecl? 

Approximately 3,000 lbs. field gear and. cabin mat~rials 

7. 'What. type of helicopter· do you reommend for your operations and ,.,hy? 

Bell 205 - need large cargo capacity 

8. Do you recommend a particular source for the helicopter? If. "yes", please name 
the source and the reason for your recommendation. 

NOAA 

9. l·fuat is the per hour charter cost of the helicopter~ 

10. \Vhere do you reommend that flights be staged from1 

Homer and Kodiak 

11. Uill special navigation and communications be required? 

No 
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XII 

MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU'(/ 243 _..=:.:;:; ___ _ PI: Donald G. Calkins 

Major Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

i 19 8 19 19_ 
MAJOR MILESTONES 0 N ·I} J. p· M·' A M J J A 

. s 0 N )n 

Belukha Surveys 0 0 0 0 0 0 0 0 0. 0 0 0 

Helicopter Surveys on Rookeries 
Q"\ 

0 ~Establish Field Camps (sea lion) 0 0 

Sea Otter Observations 0 0 0 

Vessel charter (NOAA) Surveys 0 0 

Quarterly Report 0 0 0 0 

Annual Report 0 

First draft LCI Report 0 

Lab Analysis 0 0 0 0 

Raw data analysis 0 I I 0 0 0 0 
I ! 

Data punching and verification 0 I 0 0 0 10 
! 

Submission of Data to OCSEAP 0 i 0 I 0 \ 0 0 
.! ~~ 

I 
1; : 
ij 
'I 

! I 

! i 

! 
l l I i I 

I 
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Table 2. Types of data, limits and frequency of collection, file type 
025, RU 243. 

Data field 

Location of ·collection 
Date of collection 
Time of collection 
Taxonomic code 
Sex code 
Lactating 
Mammal sunk 
Group size 
Curvilinear length 
Girth 
Hind flipper length 
Blubber thickness sternum 
Blubber thickness chest 
Age 
Age unit code 
Age determination technique 
Baculum length 
Baculum weight 
Testes weight with epididymis 
Testes weight without epididymis 
Testes volume 
Testes length 
Testes width 
Presence of sperm in epididymis 
Sperm method of determination 
Reproductive status code 
Reproductive condition code 
Number of fetuses 
Ovary weight 
Number of Corpora lutea 
Diameter of longest Corpora lutea 
Number of Corpora Albicantia 
Diameter of longest Corpora 

Albicantia 
Number of follicles greater 

than 5mm in diameter 
Diameter of largest follicle 
Number of uterine scars 
Weight of food contents 
Total volume of food content 
Taxonomic code 
Life history code 
Miscellaneous stomach contents 
Number of items identified 
Volume of items identified 
Weight of items identified 
Mean length of items identified 
Maximum length of item identified 
Minimum length of item identified 

Normal limits 

NA 
NA 
NA 
9221010501 
0-2 
Y-N 
Y-N 
0-15,000 
0.0-500.0 
0.0-500.0 
0.0-100.0 
0.0.;_10.0 
0.0-10.0 
0-50 
1 or 2 
1 thru 4 
10-200 
0.1-30.0 
1. 0-200.0 
0.5-200.0 
0.0-200.0 
1-150 
1-100 
0-3 
0-2 
0-3 
0-8 
0-2 
0-3 
0-30.0 
0-300 
0-10 

0-200 

0-10 
0-300 
0-3 
0-7000.0 
0-7000.0 
NODC code 
0-9 
01-11 
0-10,000 
0-7000.0 
0-7000.0 
0-1000 
0-1000 
0-100 
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Frequency of call. 

Always 
Always 
Most of the time 
Always 
Always 
Occasionally 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Some of the time 
Some of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of 'the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 
Most of the time 

Most of the time 

Most of the time 
Most of the time 
Some of the time 
Some of the time 
Some of the time 
Most of the time 
Occasionally 
Occasionally 
Some of the time 
Some of the time 
Some of the time 
Occasionally 
Occasionally 
Occasionally 



Tab1e 1. Types of data, limits and frequency of collection for RU 243 
(file type 027 only). 

Data field used Normal limits Freguencx of coli. 

Flight Sta .. No. NA Always 

Starting date/time NA Always 

Starting Lat/Long NA Always 

Ending Lat/Long NA Always 

Sighting date/time NA Always 

Sighting Lat/Long NA Always 

Taxanomic Code NA Always 

Number of individuals 0 to,JOO,OOO Always 

Number of adults 0 to 10,000 Sometimes 

Number of pups 0 to 10,000 Sometimes 

Total subadults 0 to 10,000 Sometimes 

Total adult males 0 to .10,000 Sometimes 

Total adult females 0 to 10,000 Sometimes 

Marked animal code 0 to 10,000 Sometimes· 

Text NA Sometimes 
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JAYS. HAMMOND, GOVERNOR 

DEPARTlffi~TOF FISII AND GAME 

October 4~ 1978 · 

Dr • Herb Bruce 
National Oceanic and Atmospheric Admin. 
Outer Continental Shelf Environmental Assessment 
Bering Sea-Gulf of Alaska Proj. Office 
P.O. Box 1808 
Juneau, Alaska 99802 

Dear Dr. Bruce: 

Prog. 

333 RASPBERRY ROAD 
ANCHORAGE 99582 

In accordance with an October 2, 1978 telephone conversation with Rod Swope, 
I would like to add the following to the FY 1979 renewal proposal for 
Research Unit 243: 

1. In the cost proposal form under PI provided logistics (CPF-4) I 
have budgeted $17,000 for Helicopter charter and $11,000 for fixed 
wing charter. It is extremely important to remember that this . 
charter time will be used during periods of inclement weather and 
therefore has to be flexible if I am able to accomplish my goals. 
The dates I set for this work can only be approximate. If NOAA 
provides logistic support for this work I must request at least 
five additional days for each trip to allow for weather related 
delays. In my opinion it is more important to remain as flexible 

~ 

Feb. 
Feb. 
Apr. 

as possible and this can only be done by me arranging my own logistics 
as I proposed. I expect to follo\v the following approximate schedule 
for helicopter work: 

Hours/days Locatlon Total hours 

18-24 3 hrs per day for 4 days Kenai Peninsula 12 
25-Nar 3 3 hrs per day for 4 days Kodiak 12 
1-7 3 hrs per day for 7 days Prince \.Ji.lliam Sound 21 

and Cape St. Eli.is 
May 25-30 4 hrs per day for 2 days Homer 8 

Total 53 

2. I expect to pay the following rates: 

Helicopter 53 hrs at $325/hr = $17' 225 
Fixed wing single engine 8 hrs at $125/hr $ 1,000 

twin engine 54 hrs at $185/hr $ 9,990 

3. In the cost proposal section CPF-6 I have identified $14,000 for 
drafting and report preparation. Nost of this money will be used 
for the Lower Cook Inlet !-Iarine 'Hammal Synthesis report but some 
will also be used for the preparation of the annual report, quarterly 
reports and preparation of materials for additional synthesis 
meetings and vertebrate consumer meetings etc. I expect to contract 
for drafting and preparation of overlays for maps, charts, graphs 
and figures far all of these reports as well as provide some assistance 
to RU 229 and RU 3. 660 



Dr. Bruce -2- October 4, 1978 

4. tinder the cost proposal section CPF-2, the following per diem rates 
are paid by the State of Alaska: 

Cordova $58/day/person; 4 people for 4 days = $ 978 
Kodiak $54/day/person; 4 people for 6 days = $1,296 
Homer· .. $54/day/person; 4 people for 5 days = $1,080 
Field per diem for field camps-_-:- ~$71/ day /person; . 4 people for ]1 days 

5. -· Iii. .'Se·e:-~tt:.·'I:U;: :Bae~otm.d: Iril.der:··neadin~: S"ealions ~ c1iange thef..1its.t .• 
-pa;-agrg"ft. ~ :;:nci'icue-·call:~'t!'Ptt q£::mat:~?]:i~.~ ~r~i :"ba:!>eJ.~i:ne. datci-.og 
-heavymetais. wili cant:£~~ :on: ai:t- op_po:t:tun:t""St:'i,·e:-J>~s~S.: onry-.~ . 

6. Under Section VIII, special sample and vouch~r spec~en archival, 
add the following: 

all species and higher categories will be represented by the voucher 
specimens that will be preserved, labeled. held and shipped to an 
officeal OCSEAP designated repository in conformity with OCSEAP 
voucher specimen policy. Vouchering will include life history 
stages (e.g., larvae, juvenil~s, adults) when the~e are studied, 
and sexes where these are morphologically distinguishable. 

=- $5, 964_ 

I hope these revision will meet with your approval.and allow for satisfactory 
completion of the renewal proposal. 

Sincerif' L \J~ot _a. w 
Donald G:' Calkins 
Marine Mammal Biologist 
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. File Type 025 

ri ne Namma 1 Specimen 

Common to all records 
VFile Type ·. · 
vFile ·Identifier 
vRecord Type . 
v.Specimen Number 
~rS'equence Number 

R~co~d Type 1.- location 
~atitude/longitude 
s;Date/Time of·Collection 

\·later Depth/Tide Stage . 
&Afabitat/Behavi.or Codes 

Ice Cqdes/Ice Characteristic 
Deformation Code 
Transect Hidth. · 
Ice Codes/Deformation/Transect ~lidth 

. Record Type 2 - Physical 1 
viaxonomic Code . 
~Sub Species/ Sex Code 
~~companied by Pup 
vr.lamma 1 lacta t.i ng/Sun k 
.Group-5-i-ze/Co 11 ecti on Nethod Code 

vf.iei ght of Hi de and Blubber. 
vC~rvilinear lengtn 
vf\x-illary Girth 
vt;faximum Girth 

Front Flipper length/t-lidth . 
vHind Flipper length/Hidth ·•"" 

. tt.Pt:l-A.~J:I>••":-~. 

Record Type 3 - Physical 2 
Navel to Anus/Penis to Anus length 
Tail length 
~lubber Thickness 

Neck Circumference 
vStomach Condition 

Gross Weight/Standard length 

Record Type 4 - Age-Rep}·odtlctive-·t1aJ e 
'--'1\ge/Age Unit Code 
,..-/(ge Determinati on/1\ccuracy Code 
~Baculum Length/Height 

Record T,yj!e 5 - Age..:Reproductive-Female 
V'Age/'Age Unit Code · · 
vAge Determination/~c~~cy Code 
vReproductive Statl1s/toncl"i ti on Code 
vr:lumber of Fetuses 
vOvary Height . · · 
..,rfurnber of Corpor-a. Lutea 
·vDiarneter..,of· Largest Corpora lutea · 
Afumber/piameter of C!Jrpora 1\lbic(!.nt·ia 
vffurnber/bfameter of Follicle 
v"Number of Uterine Scars · 

Record Type 6- Stom~ch·contents 
;weight of FuH/Empty Stomach 
vfleight of Food Contents 
vTotal Volume of Contents 

Record Type 7--: Stol}l_9,.ch·Content Species 
. e/raxonomi c Code/S"ub Spec·i es 

· · · life Hi story Code · · 
V'f·ti sce11 aneous 
vNumber /Vo 1 wne of Items j dentiffc~d 
v~leight' of Items· Iden1:if·ied · 
.v-r1ea n/M··J-x·i.mum/14ll~"i-mmn· Length 
/Digestive Or9an Code 

Recol;d Type 8 - Text 
..If ext 

Record Type 9 - f.(~re . . 
Age/Age Accur-acy Code 
Age Unit Code 
Age Determinat·ion Code· 

v(estcs Height Hith/Hithout Epididym·is 
t-'lcstcs Volume/Length/Hidth 
vPresence of" Sperm/Sperm l·lethod of Determinutio~ 
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OCEANlC AND ATMOSPHERIC ADMilf,.-:'RATION . · 

~l.L"l.La/ ~ . ~ ~LLAitL(l.'YV) 
· ~~.: 0 -IC::C ·~a 

RFx41-243-340 
. HAY 1. S ~;r'·~. . Standardization of map Products 

mailed w/memo on 5/23/79. 
}ir. Donald o.· calkins 

. State of Alaska · 
Dept. of Fish and Game 
333 Raspberry Road 
Anchorage, AK 99502 

Reference: OCSEAP Research Onit 243 

Dear r~. Calkins: 

At this time .. we are soliciting renewal proposals for the 1979 fiscal 
year starting 1 October 1978 and ending 3(} September 1979. Requests for 
these proposals are based.on the Technical Development Plan for the 
environmental assessment:of the Alaska continental shelf. 

We are inviting you and Mr. Pitcher to submit a renewal proposal for 
continued Steller sea lion studies in t.ie Kodiak, Lower Cook Inlet~ and 
northeastern Gulf of Alaska lease areas. Your proposal should include 
additional fY 79 field and laboratory studies and the antilysis and · 
interpretation of data collecied during FY 78. · 

The funding guidance for FY 79 is $115,000.00, to be distributed bet\'ieen 
the lease areas approximately as follows; 

44% Kodiak 
30% Lower Cook· Inlet 
26% NEGOA 

Field Studies of sea liens in FY 79 should be restricted to locating and 
identifying branded animals and visiting selected rookeries for _sex and 
age composition counts. A secondary task of the field program in the 
Kodiak lease area will be to continue an observational study of sea , 
otter behavior and ecology in th~ Afognak-Narmot Islands area. The 
objective of this latter ~;ork is to obtain inforr:ation on {1) se~sonal 
changes in distribution,. {2) habitat use, (3) food habits. and (4} 
behavior. A secondary task of field efforts in the Lower Cook Inlet 
lease area will be to continue monthly aerial surveys to cle11neate 
seasonal distributions~ mi9ration patterns, and nurr.bers of belukha 
whales and other cetaceans. 

FILE COPY 
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Expected products ~rom ~~is research activity include: 

1. Di gita 1 rnorphon:etri c, reproductive eco 1 ogy, sighting, food habits, 
and census data submitted in CCSEAP forr.at under File Types 02S
r,1arr.rnal Specimen and 027-t·lar.:nJal Sighting 01 as appropriate. 
Before submission to NODC, all digital data will be checked for 
correct use of forr.~t in addition to ensuring that it falls within 
the normal limits .and ranges porvided by the P.I. All data rr.~na~ernent 
activities tlill remain under the direct supervision of the principal 
investigator. · 

2. Narrative reports containf~ descriptions of (a) observation and 
collection locations. (b) observation and collection frequencies~ 
(c) measurement and analytical techniques, (d) results of analyses, 
and {e} conclusions.. SpecHlc subject areas to be addressed include 
population size and discreteness, major breeding rookeries, hauling 
grounds. migration routes, seasonal changes in density and foraging 
areas, reproductive ecology$ fcod habits and selected biological 
parameters. Emphasis should be placed· on any behavioral aspects of 
Steller Sea lion ecology 1t1hich may relate to OCS activities. 

3. Visual data supporting the narrative report in the form of: 

Haps identifying Jl";.}jor sea lion rookeries and hauling grounds. 
branded pup release nnd recovery locations, Sru'Tipling locations, 
and habitat use ar~j distribution of sea otters. 

Charts illustratin9 seasonal distributions, migration patterns, 
and numbers of belukha t~hales and cetaceans in Ccok Inlet. 

As appropriate, fisures or tables illustrating: 

Status of sea lion populations, inc;~ding seasonal 
census infor:ration, age and sex cc-wposit1on, growth 
rates·, seasonal variability in body condition, foraging areas, 
and movement patterns. 

Reproductive ecology of sea lions at r,~jor rookeries~ 
including age of 8aturityo age specific reproduction 
rates, breeding season, age sped fi c r:mrta 1 ity rates, and 
reproductive biology and life history events •. 

A list of r..ajor prey species showing the frequency of 
occurrence by season, area. and age of consumer. 

Food habits of sea otters in the Kodiak study area. 
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This year's proposal format is requesting infonr~tion on future years• 
research efforts for those investigators who expect to continue into FY 
80 and beyond. He are asking for this additional information because: 
(1} \le befieve a better program will r~sult \!lhen research can be vi ewe<;! 
in a perspective longer than a single fiscal year, {?.} ~~ will be able 
to estimate future total program costs and the impact of different total 
budget levels,. (3) our information base \'lill be improved for writing 
research plans for FY 80. Please be assured that we are well a~~re of 
the uncertainties associated with environmental research~.and that no 
future comitment is implied by your furnishing this infomation. 

P.lease prepare your renewal proposal according to these guidelines and 
the enclosed instructions for delivery to the Juneau Project Office no 
later than 1 June. If$ in preparation of your renewal proposal~ you 
have any questions, please call or ~irite the Juneau Project Office. 
lease area coordinators responsible/for setting research requ1rer:~nts 
are Jawed Ha~rJeedi in Kodiak and the Aleutians, Paul Seeker 1n Cook Inlet 
and Laurie Jarvela in NEGOA. Their planning is based on advice from Rod 
Swope will continue as your prir,~ry contact and ~:ho is responsible foro 
contract compliance. Questions concerning the requirew~nts placed on 
data processing and scheduling may be addressed to Francesca Cava, Data 
f.~ar.ager. 

~!e have F.ade our best es timatc of ~;;hat this project should accor1pl ish 
during FY79 to l'lJeet BU·l needs. Hot'>'ever, He encourage .vou to bring to 
our attention specific aspects in which you feel that the above guidance 
might be modified or improved to enhance the overall scientific quality 
and output of the project. You should also keep in r.1ind that OCSEAP 
must issue guidance and invite renewal pro~osals at this tirre in order 
to complete review arsd funding procedures before 1 October 1978. 

~!e rJould like to thank you for your contributions to the OCSEJ\ Program 
and look foniard to another year of coope~ative effort. 

Sincerely •. 

Herbert E. Bruce, Ph. D. 
Bering Sea-Gulf of Alaska Project r1anager 

cc: 
Program Office 
John Burns~ OCS Coordinator, ADF&G 
f.arl Sdme1 der 
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27 I~PR 1978 

File Type 027 
Marine.Mammal Sighting 

'·.Common to a 11 records 
·;File Type · 
~File. Identifier 
·Record Type 
··night/Station Number 
·sequence Number 

· Record Type 1 - location 
Starting.Date/Time 
·~tarting latitude/Longitude 
·.papsed Time/Distance Along Track 
·,Completeness Code 
\Ending Latitude/Longitude 

Record Type 2 - Environmental 1 
··sighting Date/Time 
)Sighting Latitude/Longitude 

v Platform Type/I.D. 'Codes 
·,Platform .Direction/Altitude 
Air Speed/Tide Range 
purrent Speed/Current Direction 

...Jlce Codes 

Record Type 3 - Environmental 2 
vSighting Date/Time 
'5ighting Latitude/longitude 
\i·lind Speed/Direction 
vVisibility/Cloud Type Code 
'· tl oud Amount/Heather Codes 
• P,.ir Temperature 
'-·Sea State Code 
·~later Surface Temperature 
"~later Color Code/Surface Visibility 
,,Barometric Pressure/Inclinometer Angle 
~later Depth 

Record Type 4 - Sighting 1 
,Sighting Starting Date/Time 
\Sighting Latitude/Longitude 
·Distance/Area Surveyed 

· Mammal Activity/Number of Observers 
''Collection Method Code/Group Size 

Animal Movement Direction 
·.Units Code for Sighting Distance 
-/Distance from Platform 
{Bearing to Animals 

Platform Heading 

.Recor,d Type 5 - Sighting 2 
vTaxonomic/Subspecies Codes 
-.Behavior/Confidence Codes 
vNumber of Individuals 
\<Confidence Code (repeated· 4 times) 
~Number of Adults/Pups/Subadults/ 
'1Adul t t1al es/Adult Females 
\;f1arked Animal Code 

Static/Telemetry Code 
pecomposition Stage Code 

,[Completeness Code 

Record Type 6 - Sighting .3 
· .jDistance from Ice Edge/Shore. 

J)dentification Reliability 
{Glare Area Code/Debris Code 
vYext · 

Record Type 7 - Text 
'-,iT ext 

Recor.d Type 8 -· Ice 
. \Sighting Date/Time 

,.Sighting Latitude/Longitude 
·-!Ice Codes 
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To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 

Proposa 1 Date: June 26, 1978 

Contract #: 03-5-022-55 

Task Order #: 11 --------
NOAA Project #: _N_IA _____ _ 

Institution ID#: GI78-97 ~:....:::......::..:..,_ ___ _ 
FY 1979 RENEWAL PROPOSAL 

Research Unit Number ....:.;25:.::0~-----

TITLE: Mechanics of Origin of Pressure Ridges, Shear Ridges and Hummock 

Fields in Landfast Ice 

Cost of Proposal: $25,245 Lease Areas Beaufort Sea 

through September 30:, 1979' 

100 % 

___ _:% 

~ P?Y:' October 1, 1978 

~-_.,:DateLJ,"-/)r 
Lewis H. Shapiro · ~ ~6~~""'!~!'J.o-<""~~-.h-:.·r;,.:::~~A~4 .... -~_;Date t/..tt/zY 

Net~ \L sj;jf 1 Res:! ' 
Co-Prindpal Investigator 
G~ophysical Institute 
UniversitY of Alaska 
Fairbanks, Alaska 99701 
Tel. (907) 479-7196 

111: /P. ~Date~ 21 f/]f, 
vJi 11 i am D. Harrison J 
Co-Principal Investigator 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
Tel. (907) 479-7137 

Bus 1 ness ~1anager· 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
Tel. (907) 479-7644 

~~~~~:!....l~~~~Date (' -)J- 7 V 
an G. Roederer 

irector! 
Geophysical !nstitute 
University of Alaska 

Fairbanks, Alaska 99701 
Tel. (907) 479-7282 

~~~~r.Ue-!DateL,.//f7f{ f;:;'f1.~ Date ( ~2 fr'6 
. . .· ~ ~ J K~ith B. Mather - ~ 

Co-Pnnc1pal Inv t1gator -A•'(v1ce Chancellor for Research 
Geophysical Institute ~· and Advanced Study 
University of Alaska University of Alaska 
Fairbanks, Alaska 99701 Fairbanks, Alaska 99701 
Tel. (907) 479-7417 Tel. (907) 479-7314 
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IV. Background . 

Landfast ice is the subject of several OCSEAP projects (Barryt . 
R.U. #244; Weeks and Kovackst R.U. #88; Stringer, R.U. #257) in addition 
to the studies proposed here. This project is concerned with the mechanisms 
and processes involved in the deformation of landfast ice including ridging, 
hummocking and the forces associated with these, and with the interaction 
of the ice with the sea floor and the shoreline. 

Studies in progress on this project include: 

1. Distribution and morphology of pressure ridges formed within the 
field-of-view of the University of Alaska sea ice radar system at Barrow; 

2.. Mechanism of formation of ridges and ice piles along the beach at 
Barrow in late spring; 

3. Vibration of the ice sheet as an indicator of rising stress levels; 

4. Rate of formation of gouges in the sea floor in the Barrow area, 
(in cooperation with P. Barnes of the U.S.G.S.). 

Little work has· been accomplished on the first of these objectives 
because, since the inception of OCSEAP, ice conditions in the area have 
not _been suitable for a study of this type. However, the study of the 
formation of ridges along the beach in late spring has yielded useful 
results. These have been observed-to form on two separate occasions, and 
extensive observations have been made which provide information on failure 
mechanisms, rates of motion, and the ridging process proper. It is 
proposed that this work be continued as opportunities for field study occur. 

The theoretical aspects of the study of vibration of sea ice sheets 
as indicators of high stress levels has progressed well. Solutions have been 
obtained for the cases of propagation of waves in the ocean-ice system for 
no energy losses and for small energy losses. There is a need to extend 
the theoretical work to the case_ of a viscoelastic ice sheet, and this is 
planned for the coming year under a project funded by the National Science 
Foundation. The observational data upon which this project is based were 
acquired fortuitiously in conjunction with other studies. The recording 

.systems employed, while accurate enough for qualitative study, were not 
adequate to provide data for quantitative testing of the theory. Acquisition 
of suitable data is thus required, and is planned under this project. 

During the past year, a side-scan sonar survey was conducted along 
approximately 50 km of track line within the field-of-view of the sea ice 
radar by P. Barnes (U.S.G.S.). Ice motion in the area has been monitored 
by the radar system during the past year (as in previous years) and it is 
intended that the survey be repeated in the coming summer. This will permit 
the identification of new groups formed during the year, and their possible 
correlation with ice events. Analysis of the data, and a possible third 
survey of the area if ice conditions warrent, will be conducted under the 
time period covered by this proposal. 
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V. Objectives 

The objectives of this project are to examine the mechanics of 
origin of ridges and hummock zones in the area normally occupied by landfast 
ice. Within this general subject~ the following specific objectives are 
addressed: 

1. Determination of the morphology and mode of origin of suitable 
ridges formed along the beach at Barrow in late-spring, and of any other 
ridges which form within the field-of-view of the sea ice radar system 
at Barrow during the winter of 1978-79; 

2. To cooperate with P. Barnes (U.S.G.S.) in the continuation of the 
?ide scan sonar survey of the Barrow area in order to assess-the rate of 
formation of gouges in the sea floor; 

3. To gather data related to the relationship between long period 
vibration of the ice sheet and increasing stress levels. 

4. Observations of the distribution and frequ~ncy of occurrence 
of ice pile-ups along barrier islands and bea~hes of the Beaufort Sea 
Coast of A 1 ask a. 

5. To attempt to extend the data'base regarding theoccurrence of 
unusual or extreme ice events along the Beaufort Sea Coast through 
interviews with local Eskimos who formerly resided in the area. Note that 
this aspect of the project is currently funded under a small supplement · 
to RU 265. Extension of the work will· require additional funding beyond. · 
that shown in the attached budget for Rl! 250. 
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VI. General Strategy and Approach 

Ridging and hummocking in sea ice are processes which reflect high 
stress concentrations resulting in failure of the ice sheet. An understanding 
of these processes requires knowledge of the failure mechanisms which 
operate during ridging, the forces required, and other parameters (such as 
relative motion of the ice across the prospective ridge line, and the water 
depth) which influence the final form of the resulting ridges. Previous 
work on this project involving the study of the formation of ridges along 
the beach at Barrow in late spring has produced useful results toward these 
requirements. That work was done in 1975 and 1976. No such ridges formed 
in 1977, because the ice went out earlier than usual. However, field study 
during the coming summer is anticipated if the appropriate conditions occur, 
and similar work will also be done in the summer of 1979. 

The problem of the relationship between rising stress levels and long 
period vibration of the ice is being examined theoretically using stability 
theory. To date, solutions for wave propagation in the ice sheet have been 
obtained which provide the basis for further work. Funding has been obtained 
from the National Science Foundation to support the additional theoretical 
work -requried. The related observational and experimental work will be 
accomplished under this proposal. This includes operation of the radar 
system, a suitable tide gauge, a stress transducer array, and an 8 mm time
lapse motion picture system. It was ~ntended that a tide gauge and a stress
transducer array be installed at Barrow during the past year. However, a 
combination of equipment problems and adverse ice conditions prevented 
the acquisition and installation of these. An attempt will be made to 
conduct these measurements during the winter of 1978-79. 

The study of the rate of formation of gouges in the sea floor off 
Barrow will require detailed analyses of ice motion in the Barrow area 
using the sea ice radar data. This work will commence following the field 
survey to be completed during the coming summer after the ice moves out 
of the area, and will be completed during the time covered by this proposal. 
Correlation of the results with the side scan sonar data can then be made, 
and an additional survey conducted during the summer of 1979 if warranted. 

The distributfon of"fce pile-ups aiong beaches and·~arrier islands w111 l"e 
determined by a series of flights along the coast. The fHst of these will be 
made in late February or early March to identify those.featu~es formed b~ 
winter movements of the ice. If possible, a second fl1ght w1ll be made 1n ea~ly 
July to determine whether additional pile-ups formed dur~n~ the pe~iod of act1ve 
ice motion during break-up. An effort will be made to v1s1t.any.s:tes to m~ke 
measurements. However, such visits will depend upon the ava1lab1l1ty of_su1table 
aircraft, as it would not be possible to schedule flights prior to the f1rst 
determination of the existence of Pile-ups at various locations. 

The program of interviewin~ local Eskimos regarding ice conditi~ns pr:sently 
is done by two members of the Barrow·community who conduct the 1nterv1ew~, translate 
and prepare manuscripts. Their efforts are closely monitored and superv1sed by us, 
and we supply the questions to be asked. Present funding is adequate for the pilot 
~roject.~jn; pr.ogress. The results wi 11 be eva 1 uated both for the qua 1 i ty of the 
1nformation obtained and the method of operation. Based upon these, a proposal will 
be submitted for additional work if warranted. 
VII. Sampling Methods 

N/A 
VIII. Analytical Methods 

N/A 
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IX. Deliverable Products 

A. Digital Data: 

None 

B. Narrative Reports: 

GI78-97 

Narrative of observations, methods,, and procedures and results. 

C. Visual Data: 

Maps and cross-sections of ridges and maps gouge distribution 
to be included with narrative reports. Time lapse movies from 
sea-ice radar screen and 8 mm camera mounted on radar tower. 

D. Other Non-Digital Data: 

None 

E. Data Submi~sion Schedule: 

None 

Data Products Schedule Attached 
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n. AIRCRAFT SUPI.'ORT - HXED ~liNG BI78 97 

l. Delineate proposed flight lines on a chart of the area. Indicate desired flight 
altitude on each li.ne. (Note: If fliehts o.re for tranzportat:.ion only, chn1:t 
submi~sion is not necessarJ but origin and destination points should be. listed.) 

local Barrow area. 

2. Describe types of observations to be made. 

3. 

ice conditions 

What is the optimum time chronology of observations on a seasonal basis and what 
is the m~~imum allowable depa1:ture from these optimum times? (Key to chart 
prepared under Item l whe~ necessary for clarification.) 

o en 

~. How many days of flight operations are required and ho~J" many flight: hours per day? 

Total flight hours? 

). Do you consider your investigation to be the principal one for the flight, 
thus precluding other activities or requiring other activit:i_es to piggyback 
piggyback or could you piggyback? 

o en 

i-lhat types of special equipment· are required for the aircraft (non carry-on)? 

What are the ~:eightS 7 dimensions, po~:er requirements, and installation 
problems unique to the specific equipmen~. 

N/A 

What are the ~.;eights, dimensions and po~;er requirements of carry-on equipm.ent:? 

l~.at type of aircraft iS bes~ suited for the purpose? 

open 

Do you recommend a source for the aircraft? Yes 
If "yes", please name the source and the re.:lson for your recoaoendation. NARL 

t.J'hat is the per hour charter cost of the nircraft? 

NARL rate 

llo~¥ m::my people a1:e required on bo.:J.rd for each flight:. (exclusive of flight crct.,)? 

2 
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XIII. Anticipated Problems: 

None. 

Contingency plan: The field program includes four seperate aspects~ 
and it is unlikely that conditions will be unsuitable for all of these. 
In the event that this should occur, we will devote time to considering 
mathematical models of the ridging process. 

XIV. Information Required from Other Investigators 

We are interested in the reports of other investigators regarding 
landfast ice, but have no need for immediate access to the data. 

XV. Management Plan 

1. Fiscal management of funds which may be obtained for this 
project will be handled by the business manager, Geophysical Institute, 
University of Alaska. The University provides monthly summary of expendi
tures and encumbrances as well as current information on all financial 
aspects of the contract in accordance with mutual requirements of the 
contractor. 

2. Scientific management will be the responsibility of the principal 
investigators who will lead and supervise all phases of the proposed 
work and assure the timely completion of the objectives. 

3. Outside coordination, review and direction will be provided by 
the OCS Arctic Project Office, Geophysical Institute, University of 
A 1 aska. 

See Attached Milestone Chart 
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Milestone Chart 0 - Planned Completion Date 

X - Actual Completion Date 

RU 0 ....:2::..:.5~0 __ _ Pit Sbapiro{Harrjsgn/Bates 
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XVI. Outlook 
I 

The final result of this project is as stated in the objectives above. 
That is, to develop an understanding of the mechanisms and processes by 
which ridges and hummock fields form in .landfast ice. The emphasis is on 
mechanisms, and therefore, the rate at which data are acquired depends 
less upon the actions of the investigator, than on the occurrence of certain 
natural events at an appropriate time and location. To date, the most 
significant data gap with regard to this study, remains the study of pressure 
and shear ridges which form during fall and winter. Only minor examples 
of these have developed within the study area during the time the project 
has been active, so that none have been examined as yet. Some work of 
this type will, however, be required for the successful completion of the 
project. 

The study of the ice gouging of the sea floor is not yet sufficiently 
advanced for predictions to be made regarding when milestones will be 
reached. However, completion of the survey planned for the coming field 
season, and subsequent analysis of the data should make estimates possible. 

The study of the vibration of the ice sheet under compressive stress 
should reach an important milestone during the period covered by this 
proposal. That will be the solution for the vibrating viscoelastic plate 
under impulsive loading. Additional milestones will depend upon the 
acquisition of data with which to test the model, and that depends upon 
the occurrence of natural events. If sufficient examples can be collected 
during the current year it is possible that this phase of the project 
can be completed during this proposal p.eriod. 

There are no changes anticipated in the field location or in logistics 
requirements. 

XVII. Contractual Statements 

1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year•s 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submitted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shi~ped to an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 
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4. At the option of the ?rojec"t Office the PI is prepared to 
travel to the Project Office at least ~Jice during the con
tract year to review project status and progress. Such 
reViews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Offi~e. 

S. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-
lJ). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. 'liith.in lO days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

S. Title for all proper~ purchased with OCSEAP funds remains 
with the U.S •• Government pending disposition at contract 
expiration. N'ew equipment purchased will be rli[lported 
quarterly and i:c:ventorted annually. The PI will main
tain inventories of all expendable and non-expendable 
equipment purchased with OCS'E:.U' funds. Information will 
be recorded as shown on form CD-281, "Report of Government 
P~operty in Possession of Cont:ractorn (copy attached). 
Updated copies of these inventories will be submi~ted 
quarteJ:ly. 

9. three (J) copies of all manuscripts for publication. 
or presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to the 
appropriate Project Office at least si.."tty ( 60) days prior to 
release, for information and for fort.zarding to BL.'f. The 
release of such material with:f.n a period. of less e.ban six"ty 
(60) days shall be made only with rrior writt'ea consent of the 
P:oject Office. N~~s releases will first bP. cleared with the 
appropriate Projec: Office. 

10. All publications and presentations of material developed 
under OCSEAP funds will acknowledge 3~~/0CSEAP sponsorship. 
The following acknowledgment is standard: 
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To: Bering Sea - Gulf of Alaska Project 
Office 

P.O. Box 1808 
Juneau, Alaska 99802 

Revised BudgetDate;·october 10, 1978 

Contract·fl: 03-5-022-55 

Task Order If: . 2 
--------------~----

. NOAA l'roject If: _..;;.;N~/;;.;;A ____ _ 

Institution IDI# • ,GI 78-99b 

,FY 1979 Revised Budget 

Research Unit Number 2Sl __ ;;;..;:;...;;;._.._.....__ 

TITLE: Seismic and Volcanic."Risk Studies -Western Gulf of Alaska 

Cost of Proposal: $ 187,737 . Lease Areas Kodiak _......==""----- so % __...,;;;..;;_. __ 
Lower Cook Inlet SO % 

P riod of Proposal: October 1, 1978 through September 30, 1979 

~::;;..._,~----;:---DateGJ (CJ t(Tt · 
asfu~a 1 

Co-Principal e$tigator 
Geophysical Institute 
University of Ala!'ika 
Fairbanks, Alaska 99701 
el. (907) 479-7424 

V.\~ Dat~'-\ .\\) ,\~ 

~~ ~ Date /•LQ12V 
Neta . S lkey \' 
Business ~anager 
Geophysical Institute 
University of.Alaska 
Fairbanks, Alaska 99701 
Tel. (907) 479-7644 

~ c.~~ate-/o4h£ 
Juan G. Roederer 7 · ' 

.·Director 
Geophysical Institute 
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TECHNICAL PROPOSAL 

I. 

A. Title: Seismic and Volcanic Risk Studies - Western Gulf of Alaska 
B. Research Unit Number: 2Sl 
C. Contract Number: 03-S-022-SS 
D. Proposed Dates of Contract: October 1, 1978 - September 30, 1979 

II. Principal Investigator(s) 

A. Hans Pulpan 

B. Juergen Kienle 

III. Cost of Proposal Federal Fiscal Year 1979 

A. Science: $198,347 

B. P. I. Provided Logistics: $4,.8.0.0 

C. Total: $203,147 

D. Distribution of effort by lease area: 

1. 
2. 
3. 
4. 
s. 
6. 
7. 
8. 
9. 

10. 

Aleutians 
Beaufort Sea 
Bristol Bay 
Chukchi Sea 
Kodiak . SO% 
Lower Cook Inlet SO% 
NEGOA 
Norton Sound 
St. George Basin 
Non-lease-area laboratory management 

678 



GI 78-99a 

IV. ·Background 

Seismicity and Seismic Risk 

The western Gulf of Alaska is an area of high seismic and volcanic 

activity. This activity is the consequence of plate convergence, the 

Pac~fic crustal plate underthrusting the North American plate in a 

north-westerly direction along the Aleutian Island arc and its extension 

into mainiand Alaska. Portions of. this area have been the subject of 

seismotectonic and volcanological research by several agencies since the 
,. 

late 1960's and early 1970's. The Geophysical Institute) in particula~, 

had initiated a comprehensive study of Augustine Volcano in Lower Cook 

In~et in 1970, in the course of which study a seismic network was installed 

on August±ne Island and at the shores of Kamishak Bay. Similarly, the 

Geophysical Institute began seismotectonic studies of the Alaska Peninsula 

area with the gradual installation of a ten-station short period seismic 

network in that area, starting in 1973. With the start of the Outer 

Continental Shelf Environmental Assessment Program one additional seis~ic 

station was installed in Lower Cook Inlet and a new network was installed 

on Kodiak Island beginning in 1975. The purpose of that network, in 

conjunction with the existing stations, was to ,identify in the western 

Gulf of Alaska the potential seismic risk associated with offshore 

petroleum development activities. 

In its·present configuration, the network is an integral portion of 

a ?eismic monitoring system, extending continuously over an approximately 

1,000 km portion of the Aleutian-Alaska arc system, operated by several 

agencies (Lamont-Doherty Geological Observatory, United States Geological 

Survey, NOAA through its Alaska Tsunami Warning System), both for basic 
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scientific research and in connection with the OCSEA program. 

Reliable year-round operation of the seismic network proved 

difficuit in the initial years. However, a:number of technical and 

logistic changes, as well as a complete replacement of all field units 

by laboratory calibrated units during the last annual station service 

have apparently resolved most of the technical problems and provided 

one year of data that i_s fairly homogeneous in space and time over 

the whole study area. 

Some of the principal results based on the data collected so 

far are: 

1.) Delineation of the Benioff zone as the prime seismotectonic feature, 

with which the largest portion of seismic strain release is associated 

in the area. The Benioff zone is about 30-40 km thick and r~aches 

a maximum depth of about 200 km. The depth to the top of the 

·.seismic zone beneath the line of volcanoes is approximately 100 km. 

2.) Identification.of areas of special interest with regard to seismic 

risk associated ·with OCS development, including: 

a.) an area of high rate of seismic strain release in the Benioff 

zone below the area of Iliamna Volcano; 

b.) a seismically active fault, previously unmapped, on Kodiak 

Island near Deadman Bay; 

c.) an area of high level seismicity off the southwest coast of 

Kodiak Island near the continental shelf edge; 

d.) shallow seismic activity with a pronounced east-west linear 

trend just seaward of Marmot Island, east of Afognak Island. 

3.) Identification of other clusters of seismic activity: 

a.) clusters of shallow seismicity with high spatial and temporal 
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variability along the volanic axis; 

b.) shallow seismic activity with linear trends near the recently 

formed Ukinrek Maars on the Alaska Peninsula. 

4.) Demonstration of the general diffuseness of the shallow seismicity ··. 

which apparently has no preferred association with the major known 

fault systems of the area. 

Hypocenter data files and epicenter maps have been generated routinely 

since January, 1976. 

The seismic system, after becoming reliable, has demonstrated its 

ability to detect seismically active faults and other clusterings of 

seismic events at a rather low magnitude (M1 = 1.5) threshold level. 

Research so far has provided us with a good general understanding of the 

nature of the seismicity of the area and points out severalregions of 

special interest with regard to seismic risk. Results derived so far 

will form the basis for representing the seismicity of the area in a 

fashion suitable for use in a quantitative seismic risk analysis. 

681 



GI 78-99 a 

Augustine Volcano 

We have now entered the eighth year of basic volcanological research 

at Augustine, which in the past has included passive and active seismology, 

magnetics, magnetotellurics, geodesy, heat flow studies, petrology, 

geochemistry, eruption phenomenology and impact of eruptions on the 

atmosphere. A major eruption took place in early 1976, which allowed us 

to evaluate the seismicity of the volcano prior, during and following an 

eruptive cycle. This aspect of our research is important in terms of 

volcano monitoring and eventual eruption prediction. 

Since we began seismic monitoring of Augustine Volcano in 1970, we 

have observed two distinct types of microearthquake activity. One class 

of seismicity is strongly temperature dependent and occurs only during 

cold winter months; the other class of events is related to movement of 

magma (molten rock). 

Kno\\•ing the three-dimensional structure of the volcano, as determined 

by an active seismic experiment, it was possible to resolve the position 

of the precursor events to the 1976 eruption as close as 500 m. We 

found that the precursor seismicity began eight months prior to the 

eruptions, is epicentrally restricted to the central conduit system and 

is shallower than 6 km. 

The monthly seismic energy release increased systematically as the 

eruption was approached. The conduit system began to break up in a 

major earthquake swarm only ten hours prior to the vent clearing eruptions 

of January 23-25, 1976. The total seismic precursor energy (1016 ergs) 

was still 7-8 order of magnitude lower than the thermal energy released 

. h . ( 23-24 ) ~n t e erupt~ons 10 ergs . 

We have not observed any precursor or eruption related seismicity 
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at depths greater than 6 km.or at the underlying Benioff zone. This 

suggests that the 1976 eruption is the result of magmatic processes in a 

sha~low magma chamber located not deeper than 6 km beneath Augustine 

Volcano. Independent confirmation of this conjecture comes from geo

chemical data. D. A. Johnston in his 1978 Ph.D. thesis presents a 

convincing petro-chemical model ·based. on the chemistry' of ejecta and gas 

inclusions, suggesting that basaltic melt was injected into a shallow, 

2 to 10 km deep,magma chamber which contained dacitic melt. The injection 

may have coincided with the onset of the precursor seismicity in May, 

1975. Mixing of the basaltic and dacitic melts produced an andesitic 

magma which was erupted about eight months later. In early 1976 the 

instability developed in the magma chamber that led to the energetic 

vent clearing eruptions of January 22-25. 

Evaluation of the eruption potential and volcanic hazard of a given 

volcano requires knowledge of (1) its eruptive h~story as far back in 

time as possible and (2) recognition of its typical mode of eruption, 

which is related to its chemistry, structure, configuration and dimension 

of its internal plumbing. 

We have now compiled a fairly complete eruptive history of Augustine 

since its discovery by Captain Cook in 1778. In the last 200 years it 

has erupted five times (1812, 1883, 1935, 1963/64, 1976) with repose 

times between eruptions as short as 12 years and as long as 71 years. 

We have examined its structure and internal plumbing by geophysical.and 

geochemical means. The cone consists of a central complex of lava 

domes, mantled almost exclusively by pyroclastic flows, mudflows and 

rock avalanche debris. Lava flows are rare,. a fact which reflects the 

high explosiveness of the volcano. The volcano is underlain by partially 

683 



GI 78-99a 

uplifted marine sediments of primarily ~esozoic age. A magma chamber is 

inferred to lie at a maximum depth of 6 km.· 

Augustine's eruptions typically begin with energetic vent clearing 

explosions, a phase which is followed by .the arrival of new dacitic

andesitic melt, usually forming a new dome over the vent. The magma 

reservoir is likely to be fairly small, as indicated by apparent yields 

of ejecta of the order of 0.1 to 0.2 km3 during each eruptive cycle . 

. The principal hazards of Augustine Island are pyroclastic flows. and 

surges, mudflows and floods, minor lava flows, bomb and ash falls, 

noxious fumes, poisonous gases and acid rains, and tsunamis. Ballistic 

studies indicate. that the ejection range of large bombs is mainly restricted 

to the Island itself. Ash from past eruptions fell at distances up to 

1100 km, at Talkeetna, Anchorage and Sitka. The dispersal is strongly 

dependent on the prevailing wind directions. The 1883 eruption produced 

tsunamis ·that crossed the en~ire Lower Cook Inlet. Other near offshore 

hazards include heavy ash. fa~ls, acid rains and clouds of noxious fumes. 

The most se.rious h~zard that Augustine Volcano poses to offshore 

oil and ga? development are pyroclastic flows. Practically all deposits 

below the 1000 foot contour line at Augustine Volcano, except for a 

small uplifted sedimentary wedge on the south side of the Island, consist 

of pyroclastic flows, mudflows and debris avalanches. We have now 

evidence that these flows could extend to distances of at least 5 km 

offshore. This data suggests that in previous reports we may have underestimated 

the mobility of pyroclastic avalanches along the sea floor. In fact, we 

thought they could only travel to very limited distances beyond the 

shoreline. In light of this evidence we now have to readdress the 

problem of on- and offshore hazards due to pyroclastic flow activity 

684 



-

GI 78-99a 

rassociated with Peleean typ~ eruptive activity at Augustine .. 

Redoubt Volcano 

We have now assembled in some detail the events .of the 1965-68, 

19~3 and 1902 eruptions. Previous eruptions occurred in 1819 and 1778. 

In general, the volcano appears to be much less e-xplosive than Augustine, 

as indicated by the predominance Of lava rather than pyroclastic flows .. 

It is interesting to observe that in thi~ c.entu~y Redoubt tended to 

erupt within a few years of Augusti~e, i.e., exhibited a similar periodicity. 

Redoubt is a much more mature (older) volcano than Augustine, more than 

twice as high and heavily glaciat~d. 

The principal hazard of Redoubt arises from melt water accumulatio~ ; ·. 

in the ice-covered summit crater. Increased heat f'lux associated with 

the 1966 eruptions resu'ited in two crater o~tbur~t floods in January, 

1966, which caused a break-up of the Drift River in mid-winter and two 

flash floods in that valley. Such flooding poses a direct threat to the 

Drift' River Tanker TerminaL-· Presently, the' upper' Drift River is nea:i:'ly 

dammed up' by a glacier which descen:ds from Redoubt Is i summit ("North 

Glacier"). Future advances ol this .g,Iaeier could easily dam up the 

valley, creating a lake that· could ·arain catastrophically. 

Last year, with helicopter support from the U. S. Army, we spent 

four days (July 14-17, 1977) on Redoubt's summit to conduct reconnaissance 

geologic studies and to establish geodetic base lines for photogrammetric 

worL Two topographic maps· of the crater ice surface and the upper 

reaches of the "North Glacier" are being prepared from pre- and post-

1966/68 aerial photography to monitor fluctuations of the ice surface-in 

response to volcanic heating. This year ~e are planning to investigate 

the lower reaches of the "North Glacier:, ·inCluding the teriliinus which· 
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is nearly damming the Drift River today. Clearly, any potential further 

expansion of the Drift River facility in response to the development of 

Lower Cook Inlet requires a careful assessment of this obvious volcanic 

hazard. 

V. Objectives 

The specific objectives of the proposed work are: 

1. To record the locations and magnitudes of all detectable earth

quakes within the study area and evaluate the potential seismic 

hazards to OCS petroleum development. 

2. To determine the seismic activity of surface and near surface 

faults identified by geologic mapping. 

3. To.evaluate the observed seismicity in cooperation with research 

units 16 (Davies) and 210 (Lahr) toward a seismic risk analysis of the 

Gulf of Alaska region. 

4. To perform field studies and seismic monitoring on volcanoes 

within the study area.in order to evaluate volcanic hazards to OCS 

petroleum-related activities. The principal volcanoes to be 

investigated are Augustine and Redoubt. We also· propose to conduct 

a one day field reconnaissance of Douglas Volcano at the southern 

end of the Cook Inlet lease area. 
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VI. Strategy and Approach 

Seismicity and Seismic Risk 

The objective of the continued compilation of an earthquake catalogue 

of the area at a sufficiently low_ threshold level will be achieved 

through the continued operation of the regional seismic network 

in its present configuration. The present low detection threshold 

·is necessary to identify seismic activity of mapped or unmapped 

surface and near-sur-face faults. Though it has been stated 

above that the shallow~sei5m~city (hypocentral depth) less 

than 50 km) is rather diffuse throughout the re~ion, there are 

areas of special interest, and the seismically active fault detected 

near Deadman Bay would have gone undetected, both on the basis of the 

seismic station distribution before initiation of this program and the 

tectonic-geological information presently available. , We also do not yet 

have a good picture of the space-time variability.of the other seismic clusters. 

Besides the continued routine determination of hrpocenters and the 

preparation of epicenter maps and.hypocentral cross sections, data analysis and 

recording will shift more towards specific aspects of seismic risk 

analysis. With respect to the instrumentation we intend to: 

1. Very carefully calibrate 4 to 5 selected stations of the 

network for the purpose of investigating our ability to perform short 

period attenuation studies. We do not know whether we shall succeed in 

achieving the necessary stability to do such a study, but we 

intend to provide both a complete systems calibration over the frequency 

range of interest at service time and a daily calibration at the 

selected stations. 
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2. Improve the present mode of installation of the strong motion . 

instruments .. that are now in place (i.e. maintaining the interfacing with the short 

period system that permits absolute timing of the strong motion records) 
. ' I, ' .•' ,' 

and probably add a few units. Strong motion data is probably the single 

most important information presently. lacking in the area. . . . -
There is, of 

course, no guarantee that an event sufficiently large enough to trigger 

any instrument will occur in the near future, but it ~ppears that the 
.': ... 

gradual build-up of a dense strong motion instrument network in the area 

should be part of the program. 
, 'r 

With respect to data analysis whichwe will emphasize more 

than previously, we shall address ourselves ·to the following 

specific problems: 
. ' . ,,· ... 

1. Improve the accuracy of routinely determined hypocenter parameters 

by using an improved crustal and upper mantle velocity structure. 

Travel time-epicentral distance data pairs from well-.located events will 

be inverted into a P-wave velocity structure using the "hedge-hog" 

procedure, .a variation of the Monte Carlo method developed by Keilis-

Borok and Knopoff. We are performing this data inversion presently for 

data from the interior of Alaska. 

2. Express the seismicity of the area (as determined both from 

historic data and data collected from the regional seismic network) in a 

format required for performing a quantitative seismic risk analysis. This 

would, as a first step, consist of the subdivision of the area into 

different seismic source regions, the determination of magnitude-frequency 

relationships for these regions, and the derivation of the pertinent 

input parameters for seismic risk analysis from these relationships. 
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3. Perform "pilot" risk analyses for selected areas, i.e. providing an 

estimate of· the likelihood that any specified peak value of ground motion 

intensity will be equalled or exceeded in an arbitrary future time period. 

We shall follow; at least for the time being, the approach of Cornell 

(1971). We term this "pilot" analysis because the outcome of such an analysis 

will to a certain extent depend on how one uses the' existing data 

base as input to the risk analysis. This is not necessarily a straight

forward matter but depends frequently upon the judgement of the person 

conducting the analysis. We shall therefore concentrate on the question, 

whether the present data base permits a.meaningful risk analysis at all 

and if so, bow different, but reasonabl~, use of input data influences the 

results of any particular risk scheme. 
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Augustine Volcano 

As discussed in the previous section, the principal volcanic hazards 

of Augustine are pyroclastic flows descending the volcano at great speed 

(order 50 m/sec) during Pel~ean type eruptive activity. 

Very little is known from worldwide historic data how far out to 

sea pyroclastic avalanches and subjacent glowing clouds would travel 

once they pass the shoreline. 

In the past year, J. Whitney from the Conservation Division, U.S. 

Geological Survey, Anchorage, discovered deposits which.he suspects to 

be pyroclastic flows as .far as 5 km off Augustine Island! In a joint 

effort with J. Whitney and A. Bouma (OCSEAP Research Unit 327) we will 

conduct a pilot study in June and August, 1978 to verify whether the 

deposits are indeed pyroclastic flows, and if so to try to correlate 

them with onshore deposits. Supplemental funding will likely be requested 

by us and Research Unit ~27 if the pilot study yields positive identification 

of offshore pyroclastic flow deposits at great distances from Augustine. 

At the present modest funding level for volcanology, we propose to 

accomplish the following: 

1. Continue to operate the island based four-station seismic array 

to continue our now eig~t year long baseline record of seismicity. 

This data is important to study the thermal-mechanical evolution of 

the volcano in between.and during eruptive cycles, as discussed in 

section IV. Understanding .the patterns may eventually lead to 

prediction. The recent eruptions were preceded by eight months of 

precursor seismicity. 

2. Based on photogrammetric data calculate the volumes of the 

1963/64 and 1976 pyroclastic flow deposits in order to arrive at 
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typical eruption volumes and estimates of thermal energy release. 

This kind of study will give an estimate of the size (class) of 

eruptions to be expected from Augustine. We will also continue the 

cooling study of the 1976 pyroclastic flows which we began directly 

following their emplacement and which are described in previous reports. 

3. During the next field season, 1979, we will continue to 

ground check Detterman's (1973) geologic map of Augustine 

which is largely based on photo interpretation. · In 

order to extend the eruptive history of Augustine beyond 

the historic record, which begins 1788, we plan to· age 

date prehistoric pyroclastic and· other debris flow 

deposits using c14 dating techniques. 

Redoubt Volcano 

On Redoubt we plan to accomplish the following: 

1. Continue to operate the single seismic station on the southern 

flank of the volcano. One station is, of course, not enough to 

locate hypocenters of any volcanic earthquakes and thus to study 

movement of magma, but it is valuable to get some idea on the st.ate 

of activity of the volcano. If this volcano is ever to be monitored 

seriously, a small network like the one on Augustine needs to be 

established. 

2. Focus our attention on the glacier (North Glacier) that descends 

northward from the main summit crater into the Drift River Valley, 
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now nearly blocking the stream. This year we are planning to 

establish geodetic bench marks in the vicinity of the terminus.of 

the glacier and plant stakes on the glacier. Next year's survey 

will give us ablation rates ~nd.rates of movement. This data, 

combined with photogrammetric mapping of the entire glacier as 

discussed in section IV, is needed to evaluate the flooding potential 

of Drift River and the resulting threat to the Drift River Tanker. 

Terminal 

3. We will ·continue our geologic reconnaissance of the volcano and 

complete the literature search to document the historic activity of 

the volcano. 
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VII. Deliverable Products 

A. Digital Data: 

Derived earthquake parameters (date, time, longitude, latitude, 

depth, magnitude) will be submitted on punched cards in the standard 

hypocenter data file format. 

B. Narrative Reports: 

The narrative reports will describe the operation o"f the seismic 

network, number and spatial density of instruments and the resulting 

accuracy of derived earthquake parameters. A summary interpretation 

of seismic events recorded will be presented. Reports will 

-include an evaluation of frequency versus magnitude relationships, 

act.i,vity of surface and near surface faults, volcanic hazards of 

Augustine and Redoubt Volcanoes, and conclusions regarding impli

cations for OCS exploration and development. 

C. Visual Data: 

Visual data will include (1) epicenter maps (including 

magnitude), (2) maps and graphs of earthquake magnitude versus 

frequency relationships for relected areas, (3) maps with supportive 

text summarizing seismic activity of surface and near surface faults 

identified in geologic mapping, (4) seismic risk maps, and (5) a 

volcanic hazard map of Augustine Island; preparation of this map 

has been delayed by the unexpected evidence of potential offshore 

pyroclastic flows. 
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1ta Type 
t. e. Intertidal, 
!nchic Organisms. 
tc.} 

Seismic 

Media 
(Cards, cod
ing sheets, 
tapes • disks} 

Punched 
cq.rds 

Estimated 
Volume 
(Volume of 

.processed.data) 

250 cards/mo. 

'DATA PRODUCTS SCHEDULE 

OCSEAP 
·format 
(If.known) 

Processing and 
Formating done 
by Project 
.(Yes or.No) 

Yes 

Collection 
Period 

(Month/Year to Month/Year) 

Oct. 1978 
Jan. 1978 
April 1979 
July 1979 

•,,.•') 

Dec. 1978 
March 1979 
June 1979 
Sept. 1979 

Submissio 
(Month/Ye 

March 197 
June 1979 
Sept. 197 
Dec. ·1979 
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Plcnse·fill in all spaces or indicate not appiicable (N/A). Use additional 
sheets as necessary. Budget line itons concerning logistics should be keyed 
to the relevant item descriecd an these forms. 

INSTITUTION University of Alaska PRINCIPAL INVESTIGATOR --'H;u;au.n~..:::s......r::.P.u.l'.L,l piJ.ia::un..~.-____ __, 

A. !;UIP SUPPORT 

.1. Delipeate proposed tracks and/or sampling grids, by l~g~ on a chart of the area. 
Include a list of proposed station geographic positions. 
Seismic station service on Chowiet Island arid Chirikof Island (see attached map). 

2. Describe types of observations to be made on tracks and/or at each grid station. 
Include a description of .. shipb.oard sampling operations. ne as specific and com-
prehensive as possible. · 

Service of existing field station. 

3. Uhat is the optimum time chronology of observations on a leg and seasonal l>asis 
·and what is the maximum allowable departure from these optimum times? (Key to 
chart.prepared under ltem 1 when necessary for clarification.) 

No chronology requir~ment. Time.period: June - August + 1/2 mo. 

4. How many sea days aTe ~equired for each leg? (Assume vessel cruising speed of 
14 knots for ~OAA vessels. Do not include running t.ime from port to beginning 
point and from ~nd paint to port and do not include a weather factor.) 

N/A 

S. Do you consider yeur investigation to be· the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? C . b k · · ap p1ggy ac .· 

Appro~tely how many vessel hours per day uill be requi.red for your observat~ons 
and ·must these 'hours be Elttring daylight'l Include an es.d.:mate of sampling-time on 
station and' sample processing time between stations. 

Time required at·each station, approximately 3-4 hours. 

6. ~~at equipment and personnel would you expect the·ship bD provide? 

Helicopter 

7. 1-lhat is the approximate weight and volume of equipment P'U will bring? 

500 lbs. It will fit i~to any type of helicopter. 

8. \~ill your data or equipment require special handling? ...j:t>~~o~.IO~o-
dcscribe. 
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l-lill. you require any gases and/or chemicals? No If yes, they should go on 
board th.e ship prior to departure from Seattle or time allowed for shipment by 
barge • 
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. 0. Do you .have a sllip preference, either NO."-A or non-NOAA? If "yes", please name t:lu:! 
vessel and give the reason for·so. specifying. 

NOAA ship Surveyor, as it has helicopter pad. 

1. If you recommend the 1:1se of a non-NOM vessel, what is the per sea day.cllarter 
cost and have you.verified its availability? 

.2. llo~ many people must you have on board for each leg? Include a list of P<;l-rtic.i
pants, specifically identifying any who are foreign nationals. 

One Person. 

> • ·' . 
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• All~CrJ~r·T SUPPORT FIXED 'WING 

.·Delineate proposed flight lines on n chart of the area. Indicate desi-red flight: 
altitude on each line. (Note: If flights are for transportation only. chart:· 
subrilission is not necessary but origin and destina~ion points should l>e~. listed.). 

Any seismic stations indicated·on.attached map, except CHI and CHO. 

Describe types of observations to be made. 
1.) Emergency visits to seismic station in case of failure. 

What is the optimum time chronology of observations on a seasonal basis and ~hat 
is the maximum allowable departure from these optimum times? (Key to chart 
prepared under Item l ~v-hen necessary for clarification.) 

Unpredictable 

llot-1 many days of flight operations are required and hot¥ many flight hours pel: clay? 

Total flight hoursJ _ 25 hours 

. . 
Do you consider your investigation to be the principal· one for the flight, 
thus precluding other activities or requiring other activities to piggyback 
piggyback or could you piggyback? 

Principal· 

''What types of special equipment ~re required for the aircraft (non carry-on)? 
Floats or skis as warranted 

}lhat are the weights, dimensions, power requirements, and installation 
problems unique to the specific equipment. 

lfuat are the tv-eights, dimensions and po-v1er requirements of carry-on equipment? 

~00 lb·s. It will fit in any si-ngle engine fixed wing. 

llhat. type of aircraft is best suited for the purpose? 

Any single engine 

Do you recommend a source for the aircraft? Local companies as warranted 
If "yes", please name the source and the reason for your :r:eeommendation, 

1-l'hat is the per hour cl1arter cost of the aircraft? $80 - $100 

Ho\..., many people arc required on board !or cech flight (exr:l.!Usive of flight: crm.;o)? 

Two 

lnwrc do you recommend that flights be sta~t::d fro~? 
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c. AIJ1,CR.t\F'i.' SUPPORT - HELICOPTER 
Seismic Station Service 

1. Delineate proposed transects and/or station s·cbeme on a char.t of the area. 
(Note: If flights arc fo~ transport of personnel or equipment only from hase 
camps to 'fielcl camps and visa versa, chart submission is not necessary but: 
origin and destination points should be listed). 

2. 

1.) .All stations on attached maps, except for CHI and cHO whicR require ship based 
o eration. · 

Describe types of observations to be made. 
Annual service and maintenance of 
seismic stations. 

3. 1-That is the optimum time chronology of observations on a seasonal l>a·sis and t~hat 
is the maximum allo\.rable departure from these; optimum times? 

July 1 through 
September 1 + 1 month 

'•· Hovr many days of h~icopter operations are required and hot.r ma11y flight bours 
per day? 20 - 25 days at 5 hrs. /day 

Total flight hours? 100 

5. How many people are required on board for each flight (exclusive of the pilot)? 

2 - 4 

·6. l-Jhat are .the weights and dimensions of equipment or supplies to lH~ transported? 

500 lbs. 

·7. What type of helicopter do you reommend for your operations and why? 

UHlH or Ben 206B. Both aircraft have proven 'satisfacto.ry in the past. 

8. Do you recommend a particular source for the helicopter? If. "yes1
', please name 

the source and the reason for your recommendation. 
NOM 

9. llhat is the per hour charter cost of the helicopter? 
N/A 

10. \lherc do you reommend that flights be staged from? 
Kodiak, King Salmon, Port Heiden, and Kenai 

11. \Hll special navigation ancl communications be required? 

No 
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)). ··QUARTERS AND SUBSISTENCE SUPPORT 

1. \\'hat are your requirements for quarters and subsistence in the. field area? 
(These requirements should be broken down by (a) location, (b) calendar pe.r.iod, 
(c) number of personnel per day and total man days per period). 

A) Accomodations required during service trips to seismic stations in Kodiak, 
Homer and King Salmon. 

2. Do you recommend a particular source for this support? If 11yes", please name 
the source and the reason for your recommandation. Kodiak: u.s.· coast Guard Sta~ion, 
King Salmon: U.S. Fisheries cabin or Air Force s~ation. The above have proven the 
most·conven1ent and cheapest accomodations. 

·3. \~at ~s your estimated per man day cost for this support at each location? 

$35 
•. 

llo•~ did you derive this figure, i;e., what portion represents quarters and '\~hat 
portion represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to estabiish and maintain a field 

·camp? 
30% quarters, 70% subsistence 
.Based on past experience. Cost will be higher. 

E. SPECIAl.. LOGISTICS PROBLEHS 

1. \.Jhat special logistics problems do you anticipate under your proposal and h0\-7 
do you propose that the problems be solved~ (Provide cost estimates and in
dicate whether you· propose handling the problems yourself or whether you must 
depend on NOAA to solve them for you? 

None 
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All~CIU\FT SUPPORT - 1-'IXED WING - VOLCANIC HAZAIIDS 

D'C!lineatc proposed fli~ht lines on a chart of the area. Indicate desired flight 
altitude on each line. (Note: If fli~hts arc for transport?.tion only, chart 
t>Ubtnission is not necessary but origin and destination points should l>C! listed.) 

1) Homer' - Augustine Island; 

Describe types of observations to be made. 1) Field work at Augustine Volcano 

What is the optimum time chronology of observations on a seasonal basis and what 
is the ·maximum allot..rable departure from these optil!lum times? (Key to chart 
p~epared under Item 1 -~-1hen necessary for clarification.) 

Snow-free conditions -- spring, summer 

llot·7 many days of flight operations are required and ho~v many flight hours per clay? 

Total flight hours_? . · 10 

Do you consider your. investigation to be the principal· one for the flight, 
thus precluding other activities or requiring other activities to pi:ggyback 
piggyback or could you p'i_ggyback? principal 

.... ~ •. 

''What types of special equipmeni are required for the aircraft .(non carry-on)? 
floats · . . 

l-1hat are the 't-1eights, -dimensions, pot-Ter requiretnen.ts, and installation 
problems unique to the specific equipment. 

·nhat are the ·Heights, dimensions and p.o•1er requirements of carry-on equipment? 

l·1hat type of aircraft is best suited for 'the purpose? 

1.) Otter or Beaver 

Do you recommend a source for the aircraft? ., Yes 
lf "yes", please name the source and the reason for your rez:.o!llmendation. 

1.) Kachema.k A:i:r S'ervice, Homer 

\-fuat is the per hour charter cost of the aircraft? 

1.) $130/hr. 

llo\-' m~ny people arc required on board for each flight (cxc:JI!unsive of flight crm~)? 

l.) Four 

-------------------------------------------------701 
llhcrc tlo you rccommcncl tho.t flir,hts be stn~cd fro:!!? l.) Homer 

,. 

II 
' ~ 



' ' ' 

c.-AIRCRAFT SUPPORT - liELlCOPTER VOLCANIC HAZARDS 

1.· Dcline.:ttc proposed tranoects and/or station sd1eme on a char.l: of tl~c area. 
(Note: lf flights arc for transport of personnel or equipment only from llasc 
·camps to field campr: and visa versa. chart submission is not nc:c:C!ssary but: 
origin and dcr:.tination points should be listed). 
1.) Kenai - Redoubt Volcano, field work similar to 1977 operations. (sketch attached) . 
2.) reconnaissance flight to Douglas Volcano 3.) Few hours of geologic Fork at AugustJ.ne. 

2. Describe types of observations to be made. . . 

1:} and 2.) Snow free conditions -- July, August 

4. Ho'\or many days of helicopter operations are required and hoiv many flight l1ours 
·per day? 1.) 6 (4) 2.) 1 (4-6) 3.) 1.(4-6) · 

Total flight hours? 1.) 24 2.) 4 - ·6 hours 3.) 4,...6 heurs 

S. How many people are required on board for each flight: (exclusive of the pilot)? 

· 1. ) Kenai - Redoubt: 4 2.) Two 3.) 2-3 

6. Uhat are .the. 'Weights and dimensions of equipment or supplies to be transported? 
1.) field camp 600- 800 1hs., on site"lOO- 500 lhs. 

200 lbs. 
3.) 200 lbs. 

7. Yhat type of helicopter do you reommend for your operations and 'Why? 
1.) and 2.) UHIR or· Bell 206 

S. Do you recommend a particula;r source for· the helicopter?' If. "yes", please name 
the source and the reason for your recommendation. 

NOM 

~. 1-Jhat is the per hour charter cost of the helicopter? 

N/A 

LO. \fuere do you reommend that flights be staged fro:n? 

1.) Kenai 2. ) and 3. ) Homer or Kenai 

ll. t\'ill special navir,ntion and communications be required? 

No 
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n. QUAltTERS AND . SUBSISTENCE SUPPORT GI78-9.9 a 

1. \~hat arc your requirements for quarters and subr;istence in the field area'{ 
(These requirements should be broken dovn by (a) location, (b) calenclor period, 
{c) number of personnel per day and total man days per period). 

a) 1 . ) Homer or Kena:L 
b) JulyiAugust 2.) Augustine- field camp 

3.) Red~ubt - field camp 

c) 1:) 4-16 
2. )" 3-30 to 50 
3.) 3-15 

Total:: ~0- 80 

2. 

1.) 

Do you recommend a particular 
the source and the reason for 
Homer: U/A field site 2.). 

man.;days 

source for this support? If "yes", please name 
your recommendation. 
Kenai: Hotel 3 ~) like .seismic program 4.) 

3. \Vhat is your estimated per man day cost for this support at each location? 

$35 

tents· 

Hot\' did you derive this figure~ i;e., l>1hat portion represents quarters and 'tvhat 
portion represents subsistence and is the figure based on established commerc:i.al 
rates at the location or on estimated costs to establish and maintain a field 
camp? 

U/A per diem, based on experience living cost will be higher·. 

E. SPECIAL LOGISTICS PROBLEHS 

1. Uhat special logistics problems do you anticipate under your proposal and hmv 
do you propose that the problems be solved? (Provide cost estimates and in
dicate whether you propose handling the proble~s yourself or whether you must 
depend on NOAA to solve them for you? 

None 
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·X. Anticipated Problems 

None. 

GI 78-99a· 

Contingency plan: In.the case.of a long te~ shutdown·or·lacking support 

to service and maintain the seismic network, the emphasis of the program 

would shift towards analysis of data at hand, and ana~ytical methods of 

seismic risk analysis (see Section XIII for details). 

XI. ~nformathm Required from other Investigators: 

Data from the USGS and LOt~ networks are required occasionally. 

Data. are being exchanged routinely between the three agencies involved 

in OCSEAP seismic risk studies in the area. Results from studies of 

offshore faulting in the Lower Cook Inlet and off Kodiak Island (Research 

Unit 327) are very relevant and complementary to our attempt of delineating 

active faults from seismicity data. 

Marine geophysical data off Augustine acquired during a ~ilot study 

in August, 1978, by Research Unit 327 (Arnauld Bouma, USGS) will be ~sed 

to decide on future plans and programs to evaluate offshore hazards to 

structures due to submarine pyroclastic flows. 
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XII. ~MILESTONE CRART 

0 - Planned Completion Date 

X - Actual Completion Date 

·RU (} __ 2s_1 __ _ PI: Hans Pulpan 

l·!ajor Milestones: Reporting, data management and e>ther significant 
·contractual require~ents; periods of field work; workshops; etc. 

1978 1979 
·:.AJOR H!LESTmiES 0 N D J F M A 

Quarterly narrative reports 0 

Annual narrative report 0 

Epicenter maps and earthquake parameters 
~or neri od ·Oct 7R - nee. 78 

0 

Jan. 79 - Harch 79 - ·. 
-...J ,. 
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Seismic hazard maps 0 
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--,1 
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0 0 
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0 
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0 0 0 
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00 
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XIII •. OUTLOOK 

Seismic Risk Studies 

Ideally, the result of a seismic risk study for an arbitrary point 

of a given area would provide to the design engineer ~he exact time histories 

of input motions onto a given structure during its lifetime. It would then 

be a rather. straight-forward (though not necessarily easy) matter to design 

that structure seismically safe. However, since the input motion at a 

given site, due to a given earthquake, is the consequence or number of physical 

processes which, though qualitatively understood, are still·elusive in terms 

of a quantitative,deterministic description, a variety of approaches at many levels 

of sophistication are presently in use, reflecting both specific needs at hand 

and different philosophies of the person(s) conducting the analysis. 

Since a risk map essentially constitutes the (usually simplified) graphic 

display of the outcome of any such risk study in the light of the above 

it appears necessary to stipulate exactly what one wants to attempt with 

such an analysis and how one should go about it. Since there appears to be 

presently no clear cut definitions as to the exact data products desired, 

and methodologies to be employed with respect to seismic risk analysis for 

the OCS, we shall discuss what we believe this project can and should provide 

eventually in this respect within the framework of the whole risk problem, in 

order to (a) indicate that we are presently addressing only a small portion of 

the risk problem and (b) the exact method to be used will eventually be the 

one best fit to the data at hand and will have to be modified as the data 

base changes. 

The input motion onto a structure of a given site, due to a given 

earthquake will depend upon: 
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1) The motion generated in the source area due to the dislocation process 

represented by the earthquake. The nature of this motion will primarily 

depend upon the stress drop, total displacement, size of slipped area, 

details of the slipping process, etc. 

2) The modification of thE source motion, durin~ propagation through the 

earth. This ~ill involve geometrical spreading, attenuation through 

energy dissipation, dispersion, etc. 

3) Further modification of the motion due to surficial geology. This 

includes the filterin~ (or amplification) effects of soils and other 

surficial layers, the influence of surface topography, etc. 

4) The soil-structure interaction. 

In order to solve the practical risk problem in the light of our ignorance 

of the details of the processes mentioned above, one can: 

a) Subdivide the whole problem essentially along the four points indicated 

above, and proceed to attempt a solution of each sub-problem. 

Presently the state of the art and our understanding pf this 

individual subproblem is quite different. 

b) Replace the ultimate quantity one is looking for, i.e., the time history 

of motion (or the spectrum) by some other quantity which describes the 

gross properties of the motion and hopefully is more easily attainable. 

Presently,peak values (acceleration, velocity, displacement) duration, 

spectra shape,envelope function, etc., are used as risk functionals. 

c) Use of empirical relationships to obtain expressions for the quantities 

.above as functions of the most important parameter influencing them. 

Unfortunately,most measurements on which these empirical relationships 

are based on involve the whole process from source to site and hence 

involve a large number of parameters as is evident from the usually high 

statistical variability of the data. 
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d) Combination of the expressions (both theoretical and empirical) for I 

the motion generation and propagation process with an expression for the 

earthquake occurrence process. 

Presently we are concerned primarily with the last of the above points. 

As presented in the'Strategy and Approach"section of this proposal we shall perform 

risk analyses for selected points which relate peak intensity of the motion (e.g. 

peak acceleration) with the return period for that intensity, using a particular 

scheme. This requires: 

1) Description of the local and regional seismicity in a fashion suitable for 

quantitative risk analysis (geographfc and geometric breakdown of the area 

into different source regions of seismicity. 

2) Determination of the magnitude-frequency relationships for these different 

sour.ce regions. 

3) Selection of the lower and upper bounds in the above magnitude-frequency 

·relations. 

4) Selection of the (statistical) model of earthquake occurrence. 

5) Expression for the attentuation of the amplitude of motion as a function 

of dis.tance. 

The particular model we shall use initially (Cornell, ·1968, 1971); .Merz and Cornell 

(1973), assumes a Poisson process for the earthquake occurrence and a linear 

or quadratic relationship between. the logarithm of the cumulative frequency 

of events and the magnitude. Initially, we shall (1) determine how different 

working assumptions and use of the data base influence the analysis and (2) 

identify existing data gaps, that strongly influence the outcome of 

the analysis. The scheme may have to be modified depending on the pilot 

studies. Other risk schemes, more suitable for the given situation, may 

have to be adopted or developed (e.g. the assumption of the Poisson process 

and our present concept of the Shumagin seismic gap are not in agreement). 
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Extreme value statistics for the occurrence process might be more proper 

proper for this area, but its ·use will depend upon the, existing 

seismicity record. After finding the most suitable risk scheme(s) for 

GI 78-99a 

the area, analysis would eventually be performed for a sufficiently dense 

grid of points which.would allow for graphic interpolation to provide 

contour maps .. for pertinent parameters. 

Volcanic Hazard Studies 

By the endof FY79 the volcanic hazard evaluation of Augustine Volcano 

should be fairly complete, except for the mapping of potential offshore 

pyroclastic flows. This work will result in a volcanic hazard map. The 
' ' 

'problem of th~ mobf.lity of pyroclastic flows along the sea floor once they 

enter the sea might have to addressed·by a separate program, perhaps jointly 

with the U.S. Geological Research Unit 327. We distinguish volcanic hazard, 

which describes the various effects of volcanic eruptions (e.g. ash falls, 

pryoclastic and debri.s 'flows, tsunamis, etc.) based on the historic record 

from volcanic risk, which involves knowledge of recurrence rate of eruptions, 

at Augustine of the Peleean type. Volcanic risk evaluation of Augustine 

will have to wait until we complete the dating of the older pyroclastic deposits 

on the lower flanks of Augustine Volcano. Field work on this problem will 

begin in summer 1979. 

It is already clear that Augustine poses a considerable threat to 

nearby offshore industrial development, even though we are still working 

out the details of the severity of the hazard. 

The logical continuation of the Augustine program beyond FY79 would then 

be a transition into a monitoring program of suitable geophysical parameters 

(earthquakes, deformation-tilt, geochemistry,· temperature) with the goal 
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of eventual eruption prediction. The lon~ (eight year) baseline of.seismic 

information to date is ·the key to understanding the volcano's in~ernal 
~ :, ,' .. , ~ . ·' ~·· 

magmatic processes ,which periodically develop instabilities leading to 
·1 J • • • 

eruptions. Hand in hand with the monitoring program, a volcano warning system. 

coordinated between the industry should be established. If this co~itment 

were made, funding levels would have to be considerably higherthan.atpresent. 

The hazard evaluation of Redoubt Volcano has just begun. We plan to 

concentrate on (1) the problem of understanding how the.volcano.influences the 

dynamics of the North Crater, which has the potential of damming up Drift Ri;ver, 

and on (2) what are the flood hazards in the Drift River ~alley due to meltwater 

outbursts in the summit crater (e.g. january, 1966 floods) •. 

Since this is a lonp;-term problem, funding at a moderate level will 

be needed well beyond FY79. Serious monitorin~ of .the volcano by geophysical 
' ' 

methods similar to Augustine is needed and requires substantial additional 

funds beyond FY79. 

Xl\'. 

l. 

2. 

3. 

Contractural Statements 

Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project ·office upon request. 

Quarterly Reports will be submitted to the appropriate Project Office 
during the contract by the first day of January, July, and October, 
Annual Reports by April 1. The Final Report will be submitted ·within 
90 days of the expiration of the contract. 

Where biota are concerned, all species and'higher categories will be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSE,\P-designated repository in con
formity with OCSEAP voucher specimen policy. 
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4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con~ 
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutu.al.:Iy satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips Will be borne by the Project 
Office. 

S. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-
13). 

6. Data will be submitted within 120 days of the completion of a 
eruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gaehering effort; a ROSCOP data collection iaventory form 
(NCAA 24-Zl) will be sub~tted to the Project Data Manager. 

S. Title for all property purchased with OCSEAP funds ~emains 
with the U.S., Government pending disposition at coneract 
expiration. New equipment purchased-will be reported 
quatte.rly and inventoried an:ilua.ll.y". The PI will ma.i:n
tain inventories of all expendable and non-expendable 
equipment purchased Vit:h OCSEA.P funds. Information will 
be recorded as shown on form CD-281, "Report of Govermnent 
Property in Possession. of Coneractor11 (copy attached) • 
O'pd.at:ed copies of these inventories w1ll be submi.tted 
quarterly. · . 

9. 1'hree (3) copies of all. manusc:...~pts for pub:..:ication 
or presentation which pertain to technical or scient:ific 
material. developed under OCSEAP funds will be submitted to the 
appropriate Project Office at least six:y (60) days prior to 
release, for informat:Lon and for forwarding to Bt.M. · The 
release of such material withi.n a pertod of less 1:han sirey 
(60) days shall be made only with rrtor written consent of the 
Project Office. News releases will first be cleared with r.he 
appropriate Project Office. 

10. All publications and presentat:ions of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgment' is standard: 

"This study was supported by the Bureau of Land Management through 
interagency agreement with the National Oceanic and Atmospheric 
Administration, under which a multi-year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer Continental Shelf Environmental Assessment Program 
(OCSEAP) Office." 

712 



. --:-~liZ'":= ~::,~~:v~;~~~:=. AERIAL SURVE';;~~ 
ANCHORAGE, ALASKA 99501 . 274-3549 

R~A-M-ME_T_R_Y----------------------~--~~~~~~~~~~AL_F_R-ED-G-.-HA~N~D~LE=Y~ 
T RAPHid MAPPING WARREN.S .. NIESEN 
AERIAL PHOT.GRAPHY ANTHONY B .. FOLLETT 

AuguSt 22, 1978 

Dr. Jurgen Kienle 
Geophysical Institute 
University of Ala.sl<:a 
Fairbanks , f:.J.< 

Dear Jurgen: 

I am wr.iting to confirm our telephone conversation· on Friday, August 18, 
concerning aerial photography and phOtogranmetric mapping a Augustine · 
Island and Redoubt Volcano. 

First of all, for the alva flows on the NE side of Augustine radiating 
fran a point near the summitt down towards station Burr, we propose to 
prepare mays and cross.-section data as follows. Using 1957, 1962, and 
either 1974 or 1976 aerial photographs, we will prepare a plan:imetric 
map at a scale of 1:10,000 showing the location of bo:iies of watei', 
major drainages, control stations used, and the location of profiles 
digitized for each date of photography. From the 1976 coverage,. we will 
also prepare a final drafted toppgrap~c map at the srne scale of 1:10,000 
with a 10 meter corrtour interval. Front each of the three dates of photo
graphy, we will digitize approximately 2500 points and prepare this cross
section data on magnetic tape with hard copy listing. This cross-section 
infonnation will be in the same format as that previously done for Dr. 
Carl Benson on the North Crater of Mt. Wrangell. These digitized points· 
will have approximately a. 100 meter spacing. Our price for the foregoing 
products and services will be $2,165,00. 

The second area of inte!'est is that of Redoubt Volcano and the Drift 
River area. The following ·quotation is for acquisition of color aerial 
photographt, as well as prepartion of profiles and selected cross-sections 
on the North Glacier of Redoubt. 

We will obtain color vertical aerial photography of the entire lenght of 
Drift River at a scale of 1"=2000'. This 25 mUe length will require 
approximately 21 exposures at this scale for stereoscopic coverage. We 
will also obtain color vertical aerial· photography of Redoubt Volcaro 
fran the Cresent River to Drift River at a scale of 1 11=3000'. 
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After processJng the film, we will furnish you with. one set of color 
contact prints~· and will then pt'IOC!eed with digitizing the profile and 
selected . cross-sections on the Glacier.· We will prepare these profi;tes 
and. cross-sections fran both the 1954 and new 1978 photogre.phs. We 
will provide you with a listing of the digitiZed points exaggerated 
vertical scales. The -cost for aerial photography including one set 
of color contact prints will be $1,540.00 •. Preparation of the cross-· 
sections and profiles fran both 1954 and 1978 photogra.phys, including 
plotting this infonna.tion, \o{ill be $1,150! ~0. 

Please advise me as to whether yc:u wish to proceed with these projects. 
If you have any questions concerning the .foregoing proposal, please do 
not hesitate to contact me. Thank you. 

Sincerely, 

..........-:· - -"7 ) ; --:--

. ·'~~~-</:./· ~' .' 
Aii'tbc;Sny :s. roliett 
PhotOgraphic Engineer ..__. 

PJ3F/ers 
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5. O~her Information 

The United States Department of Energy through the Engineering, 

Mathematics and Geosci~nces Office of Basic Energy Sciences is supporting 

a program which overlaps with the proposed program. Funded at a level of 

$58,636 (of which $15,363 is for the lease of commercial telephone lines) 

for one yt;ar, it prpvides for the operation of a short period network on the 

Alaska Peninsula and the Sernnidi Islands. The purpose of this network is to 

collect seismic data important towards understanding the tectonic processes 

associated with a portion of the Aleution-Alaska arc system. The program 

complements studies of the Shumigan seismic gap conducted by Lamond-Doherty 

Geological Observatory of Columbia Univers~ty. 

Hans Pulpan is the principal investigator of this program. 

See attached sheets for personal data of the·principal investigators. 
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To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 

GI 78-105 

Proposal Date: June 29, 1978 

Contract #: 03-5-022-55 

Task Order #: ........:..1~-----

NOAA Project #: --------
Institution ID#: GI 78-105 

FY 1979 RENEWAL PROPOSAL 

Research Unit Number 253 -------
TITLE: Subsea Permafrost: Probing, Thermal Regime and Data Analysis 

Cast of Proposal: $59.935 Lease Areas Beaufort Sea 100 % 
______ ...... 
___ ...... % 

Period of Proposa]: October 1, 1978 through September 30, 1979 

/.F'~ Date 6'/¥/'ltJ 
T. E. Os~ · 1 

Co-Princ.ipal Investigator 
Geophysical Institute 
University of Alaska 
~Fairbanks:, Alaska 99701 
Telephone Number: (907) 479-7548 

[11.,?; lkU$tn /7.-'Jl;.tDate f/s/7! 
\~. D. Ha rri son ' .- 7 

' 

Co-Principal Investigator 
Geophysical Institute 
University of Alaska 
.Fairbanks, Alaska 99701 
Telephone Number: (907) 479-7706 

A~--Jr~Ld Date f"/1,/21-" Neta7s l<iV -, 
Business Manager 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
Tel. {907) 479-7644 

{l(t Jt~-._ Date V/7(75 
J~IG. Roederer 
Director 
Geophysical Institute 
University of Alaska 

Fairbanks, Alaska 99701 
Tel. (907) 479-7282 

Date 
~~e-,~·t~h~B~.~M-at~h-e-r----- _ _... __ _ 
~ Vice Chancellor for Research 
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3. TECHNICAL PROPOSAL 

I. Title: Subsea Permafrost: Probing, Thermal Regime and Data Analysis 
Research Unit Number: 253 
Contract_Number: 03-05~022-55 
Proposed Dates of Contract: October 1, 1978-September 30, 1979. 

II. Principal Investigators: 

T. E. Osterkamp, Associate Professor of Physics and-Geophysics 

W. D. Harrison, Associate Professor of Physics 

III. Cost of Proposal· for Federal Fiscal Year ·1979 

A. Science: $59,935 

·B. P. I. Provided Logistics G 

C. Total: $59,935 

D. Distribution of Effort by Lease Area 

1. Aleutians 
2. Beaufort.S~a $59,935 
3. Bristol Bay 
4. Chukchi Sea 
5. Kodiak 
6. Lower Cook Inlet 
7. NEGOA . . 
8. Norton. Sound· 
9. St. George Basin 

10. Non-lease-area laboratory or management 
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IV. Background 

The existence and some of the characteristics of subsea permafrost 

have· been established at Prudhoe Bay, Barrow, and other locations in the 

Beaufort and Chukchi Seas by drilling, probing, and seismic methods, as 

well as by studies of shoreline history, sea-bed temperature, and regional 

geology. We now know that ice-bearing permafrost probably occurs over 

most of the Beaufort Sea shelf. Ice always occurs at very shallow 

depths in near-shore areas, and a hole 4 1/2 miles north of Reindeer Island 

where ice occurs am below the sea bed, illustrates that ice may occur 

close to the sea bed anywhere in the Beaufort Sea lease sale area. 

Theoretical concepts of the nature.of the heat and salt transport 

mechanisms have begun to shed some additional light on the distribution 

and nature of subsea permafrost. The approach is to complete measurements 

made in key representative areas, and to make measurements in other new 

areas, while using the theoretical concepts to infer characteristics of 

unstudied regions. This work is coordinated with other related OCSEAP 

studies, particularly the drilling efforts of RU 105, the seismic work of 

RU 271 and the shoreline studies of RU 473. 
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V. Objectives 

DeveloP. the capability to predict the presence or absence of subsea 
. . 

permafrost~ its thickness~ and thermal, mechanical and ch~ical states, 

also massive ice bodies and the presence of· gas hydrates, specifically by: 

1. Collecting and analyzing environmental data (sea bottom. 

temperature, ice cover, sediment chara«;teristics and ;horeline 

history) from available records. 

2. Collecting some of these data, including the depth below 
,, ' ' 

the surface of the ice-bonded subsea permafrost level, by 

si!llple driving and jetting techniques in the field. 

3. Analyzing ava1lable data, both onshore and offshore, to assess the· 

possible presence of massive ice (large segregated ice} bodies and the 

presence and state of gas hydrates. 
\ . 
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VI. General Strategy and Approach 

The r.esearch to-date has involved sampling at a few representative 

offshore sites, with wider inferences made on the basis of regional 

geology~ shoreline history, and heat and salt transport models. This 

approach has been used because of the thousands of kilometers of Alastan 

coastline potentially subject to subsea permafrost conditions. As 

noted earlier, coordinated efforts among a number of investigators using 

different-techniques have been made. Our present project is to investigate 

subsea permafrost conditions with the help of light-weight probes, and 

to infer larger-scale conditions from other data, and from theory. 

Broadly speaking, our strategy in the Beaufort Sea has been to 

concentrate our efforts at sites in two major areas--west of Harrison 

Bay and east of Harrison Bay--which are characterized by very different 

permafrost conditions, at least onshore. West of Harrison Bay, the 

permafrost is thin (= 350 m) with low ice content at depth and fine

grained soils. East of Harrison Bay the permafrost is thick (= 600 m) 

with high ice content at depth and coarse-grained soils. It is tentatively 

assumed that these conditions can be extrapolated offshore~ By concentrating 

our efforts at a few sites in these two areas, we hope to be able to 

extrapolate the information obtained over most of the areas. To-date, 

most of our research and that of others has been performed at Prudhoe Bay 

and at Elson Lagoon near Barrow with only fragmentary evidence from other 

sites. 

Many questions remain to be answered; a partial list is a follows: 

1. What are the permafrost conditions on the barrier islands? 

2. What are the permafrost conditions in areas of very rapid coastline 

retreat, such as near Cape Simpson? 
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3. What are the probability of occurrence and the nature of gas 

hydrates? 

4. Does segregated ic~)occur, as found in the Canadian Beaufort 

Sea (MacKay, 1972)? This is a potentially serious problem for 

bottom-founded structures and hot oil production. 

5. What is the depth to the ice-bonded permafrost and what 

factors are controlling it? 

6. What is the nature of the subsea bed material--lithology, temperature, 

interstitial water salinity, water and/or ice content, etc. 

7. Why is the subsea permafrost di stri:but~d , the way it is, and how 

can an understanding be used to predict its properties in 

unstudied areas? 

8. Si'nce every field season. brings unexpected results, what further 

surprises are in store for us? 

Our driving, jetting and theoretical program, and the work of other 

investigators, are capable of answering some of these questions. 

Besides the desirability of working in the Beaufort Sea lease sale area, our 

program will be in part determined by the outcome of a large (about 25 holes) 

proposed USGS Conservation Division offshore dr1111ng programin-that area, 

and the part that we play in it. If the program comes'. to pass, it will be 

an important opportunity for a dramatice improvement in the data base for 

subsea permafrost. Cooperation wtth this· program would have our top priority. 

It is probably that we will do the temperature measurements, and analyze 

them to determine equilibrium temperature and depth to ice-bonded permafrost 

when .it is· indicated by a break in the temperature gradient. 
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If we do p 1 ay this ro 1 e in a USGS dri 11 i ng program, our other efforts wi 11 

be rather minimal and will probably consist of the following: 

1. Jet several ~oles, probably on Stump and Pingok Islands, in 
• . a' , ' . . 

summers of 1978 and 1979, or one of these years. We would like to 

set up our ~riving rig at the same time but time and personnel 

availability will probably limit us to a few hand-driven holes. 

2. A small effort at Prudhoe Bay to refi·ne our interstitial water 

sampli'ng probes, and ·use of them to determine interstiti'al water 

salinity and hydraulic conductfvi'ty in one or two holes there. 

3. Possibly one or two holes for verification of Roger's and Morack's 

seismic estimate of depth to bonded permafrost, if necessary. 

4. Possibly a small effort af Barrow (: Hl% of total field effort) 

to help evaluate subsea permafrost problems in-fine-grained soils. 

5. A consideration of gas hydrates. This will consist of a review 

of available Canadian information, Prudhoe Bay drilling results and 

a discussion of how these relate to the Alaska offshore lease area. 

6. An assessment of the possible presence of segregated ice in the subsea 

sediments using onshore permafrost data and our offshore subsea permafrost 

data. 

7. Analysis modelling~ and prediction. A serious problem of the past 

year has been our failure to find time for a complete study of all the 

available data and· to see what it tells us about conditions in 

unstudied. areas. We also have accomplished but not written up some 

work on heat and salt transport mechaniSms with NSF support. A large 

effort is required in these categories •. This effort is supported by NSF. 
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If the proposed USGS drilling program does not come to pass, or our 

participation in it is minimal, our program will include all of the above 

items, but a much bigger field program of driving, jetting, and interstitial 

water sampling in the lease sale area will be carried out. Plans for 

this alternative, if necessary, are best made after the fa~e of the USGS 

drilling project is known. 

VII. Sampling Methods 

Data beneath the sea bed will.be obtained by the driving or jetting 

of probes that can be transported by snow machine, airplane, or helicopter. 

The depth accessible depends upon soil type; 35 m bel ow the se:a bed is 

our record so far. Temperature, interstitial water salinity, _and hydraulic 
' '' . ' . 

conductivity (or permeability) can be determined by this te.chnique. The 

techniques for determination of salinity and permeability have been developed 

with NSF support •. Ice thickness, sea-bed temperature, and water depth 

profiles are also measured. 

VIII. Analytical Methods 

The results can be used as control by a seismic search for a 

bonded subsea permafrost table (R.U. 271). The results of these studies 

can be extended over a larger area with the help of shoreline history 

data (R.U. 473), sea bed temperature data, and the regional geology, as 

noted earlier. We plan an analysis of such an extension using existing 

knowledge of heat and salt transport mechanisms in subsea permafrost. These 

mechanisms are under investigation in NSF sponsored research. 

/· 
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IX. Deliverable Products 

A. Digital Data: 

N/A 

l. Recorded Parameters: 

2. List of Digital Products: 

B. Narrative Reports: 

Narrative reports containing data, graphs, tables, etc., 

and discussion qf larger-scale permafrost distribution. Most 

of the data will be collected in Mar.ch through May, 1979, and 

submitted in the quarterly reports as soon as reduced. A 

description of the data obtained will be given in the June, 1979, 

quarterly report. 

C. Visual Data: 

N/A 

X. Quality Assurance: 

Temperatures will be measured with thermistors calibrated with ice 

baths and triple-point cells, and will be accurate to about O.Ol°C. 

Electrical conductivity apparatus is calibrated with standard sea water, and 

results are accurate to about 0.2 parts per thousand. 
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XII. Logistics Requirements 

Our logistics requirements are complicated by the proposed U.S.G.S. 

drilling program in the lease area. This program will probably be carried 

out during late winter and early spring 1979 and we plan to participate to 

the greatest extent possible. However, the decision cin the drilling dates 

have not beenmade, nor has the contract been awarded. We expect thecontract 

to be awarded during fall 1978 and we will provide a detailed logistics plan 

at that time. At this ~ime we can state that our general requirements are 

for 4-6 weeks helicopter support during the drilling period (probably March 

and April) at Prudhoe Bay. About 7-lQ days helicopter support 1 week after 

the drilling period ·and again about 1 month after the drilling period. We 

will a 1 so need food and 1 odgi ng during these peri ads at Prudhoe Bay. We 

would also need about 7-10 days food and lodging and 2-3 days helicopter 

time starting about May 23rd at Prudhoe Bay and also about 5-7 days food, 

lodging and helicopter time at Prudhoe Bay during the late summer. 

In the event that the U.S.G.S. drilling prbgram is not done we will 

expand our field effort in the lease area to include· most of the last half 

of May 1979 and possibly the 1st week of June 1979. 

We will submit a detailed logistics plan when we are informed of the 

firm drilling dates of the U.S.G.S. program. In the meantime, we will keep 

in contact with Mr. T. Flesher of the Arctic Project Office to keep him 

informed of further developments in the program. 
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XIII. Anticipated Proilems: 

Dri11Jngj~ arcttc·waters aJ"Nays presents -difficult and unanticipated 

problems, b4t b~~~ 011. ~ur.four field seasons, we .expect most of our holes 

to. be successful. 

. Access to our .s_am!!Jling sites wi 11 be by hel ;copter and snow machine. 

.In th{! .everit .of !TIIcbanical fai.lure of _the_ former, the ·.1 atter_ wi 11 suffice, 

but thE! varie~y of .~.ite~.J:n~t.<;an be sampled would be curtailed. 

· XIV •. Information" Rf!qt:Jfred from Other Irivesti gators: 
• - .,; V' '. - - - ,. • - • .-. ' .... , ~· " "'' ' -- ', •. ·• "' • ,, ' ' • ' .. 

As in the .itast:.we ~lan to maintain contact:with all the other researchers_ -
.. .., ··.' "· - ' ~ ' 

in subsea pe.,... fre~t · er :ma r1 ne geo 1 ogy: The 1 r resu 1 ts maY i nfl uence our 
• • o\t '•" • ·":' • ·, • .' ·.,...,· 

choice:of field'sitestq s-om~ extent. Usually the information we require is 
'. ' . ' " ' 

.. "·. . ........ -. '". .. '• .. 
available _in th~ ·armual ,reports befor_e we go to the field. 

XV. -Manag~n( P.Jan:·. ·. :. ·· 
}1anag~n~:·. wf i ;l .ae , by the pr_i nc i pal i nvesti ga tors, with help from the 

Geophysical .Instftu~e Business-~Office. Our schedule is .outlined in the 

_ attached m.i lestbn~ .·~ha·rt •.. 
.. -··' ,. 

I-
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XVI. Outl oak: 

A large part of the material in Section VI is appropriate to this section. 

It should be noted that our effort this year (1979 field season) will be almost 

entirely in the proposed Beaufort Sea lease 'sale area. Research for later 

leas~ sales will also be required in the other offshore lease areas in the 

Chukchi and Bering Seas since the data base there is almost nil. ~Je discussed 

some of the work needed in these areas in last years proposal .. The present 

discussion will be limited to the Beaufort Sea lease area. 

The proposed U.S.G.S. offshore drilling program will represent a dramatic 

improvement in our data base in the lease area. If the measurements are done 

carefully it could provide the basis fo.r a regional model of subsea permafrosts 

although many questions w.ill still remain. The influence of the Colville, 

Saganavirktok .and Canning Rivers on subsea permafrost by their effect on soil 

conditions, water temperature, annual salinities etc., is probably a major, 

yet unexplored, factor governing the distribution and character of subsea 

permafrost. It should be noted that this influence is not confined to the 

river deltas but can extend over wide areas far offshore (eg. through paleo

river valleys). 

The mutua 1 interaction of offshore is 1 a·nds and subsea permafrost is a 

question that has not been properly addressed. 

The important question of the thickness of subsea permafrost cannot be 

answered by shallow drilling programs. The state and federal governments 

should write stipulations into offshore drilling permits that require information 

on the presence of excess ice, frozen soils, depth to the permafrost base and 

temperature logs to be obtained and put into the public domain. 

The increased data base (assuming.the successful completion of the U.S.G.S. 

drilling program) will require a substantial effort for analysis and for 

consolidation of the results obtained to date. 
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XVII. CONTRACTUAL STATEMENTS: 

1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submi-tted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher ·specimens that.will be 
preserved, labeled, held, and shipped to an offidal OCSEAP
designated repository in conformity with OCSEAP·vouclier 
specimen policy. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice• during the con
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutually' satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP,.accompanie<;i by a Data Documentation Form (DDF 24-13). 

6. Data wil1 be submitted within 120 days of the completion of a· 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within lO'days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Tftle for all property purchased with OCSEAP funds remains 
with the U. S. Government pending disposition at contract 
expiration. New equipment purchased will be.reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded 
as shown on form CD-281, "Report of Government Property in 
Possession of Contractor~~ (copy attached). Updated copies 
of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to 
the appropriate Project Office at least sixty (60) days 
prior to release, for information and for forwarding to BLM. 
The release of such material within a period of less than 
sixty (60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 
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10. All publications and presentations .of material developed 
·under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgment.is standard: 

11This study was supported by the Bureau of Land 
Management through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to 
needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) . 
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TECHNICAL PROPOSAL 

I. 

A. Title: In-Situ Measurements of the Mechanical Properties of Sea Ice 
B. Research Unit Number: 265 
C. Contract Number: 03-5-022-55 
D. _Proposed Dates ·of' Contract: ·October l, 1978 - September 30, 1979 

II. Principal Investigator(s} 

A: Lewis Shapiro. 

Contributing Scientist: Earl R: Ho~kiris 

III. Cost of Proposal Federal" Fiscal_ Year 1979 

A. Science: $102,130 

~-~ P. 'I. Provided Logiit1cs:' Non~ · · 

C. To~al $102~130 

·o. Distribution of ·effort ·by lease area: 

L · Aleutians·· 
2. Beaufort Sea . 100% 

· 3~ Bristol Bay 
4.; Chukchi Sea 
5. Kodiak 
~:, . ~~~~~ Cook .Inlet 

8. .Norton Sound 
·9." St. George Basin 

10. Non-lease-area laboratory management 
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IV. Background 

The most significant hazard to offshore activites in t~e Beaufort 

and Chukchi Seas is that presented by.sea ice, and the techniques to be 

used to reduce these hazards are largely dependent upon a knowledge of the 

mechanical properties of sea ice. However, large data gaps exist in the 

state of knowledge of these properties. 

It should be recognized that those responsible. for the evalw~tion 

of the design of installations or ves~els which.will be utilized for 

offshore development require the same information regarding ice properties 

as is available to the designer. In addition, other investigators~concerned 

with .the movement, deformation and failure of .sea ice (as i:n.the ri.dging 

process) have need of similar data, particularly regarding the strength of 

sea ice. However, there is little work.turrently in progres~)n the public 

domain on the subject. 

The general objective of this project is t6 contribute towards 

filling gaps regarding the mechanical properties. of sea ice, ·particularly 

those related to creep and failure of the:iCe. In previous work on this 

project, techniques have been developed for conducting in-situ experiments 

from which these properties can be determined. In addition, theoretical 

work has been done regarding the form of the viscoelastic stress-strain 

law which might apply to the ice, and this has been extended to include 

a failure criterion. During the field season just concluded, the theoretical 

predictions were tested by a series of experiments, and preliminary 

results suggest that the agreement is satisfactory over the range of 

conditions at which the experiments were conducted, i.e., uniaxial 

compression tests on the top 30 em of the ice .sheet. 
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The studies proposed for the coming year will be designed to repeat 

these experiments under different conditions than occurred during the past 

year, and to extend the test program to include other ice types and loading 

conditions. Tests will be run on blocks taken from deep in the ice sheet, 

to assess the effects of grain size and orientation on the strength and 

viscoelastic parameters. In addition, the surface ice will be systematically 

tested in uniaxial and biaxial stress fields in order to examine the effect 

of confining pressure on these properties. Finally, a short series of 

tests will be run on multi-year ice to determine the form of the strength

load-rate relationship. 

It should be noted that the funding available from OCSEAP for this project 

is not sufficient to accomplish all the objectives in the next section. We 

anticipate the receipt of additional funds from other sources primarily the 
-

oil industry, to permit this work to be done, as has been the case in the past. 

However, should these not materialize, the-objectives of the project will be 

scaled back to fit the available funds. 
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V. OBJECTIVES 

Within the period covered by this proposal, the following studies will 

be done, pending anticipated receipt of additional funding from other sources: 

1. A series of in-situ tests will be run in uniaxial and biaxial 

compression- for determination of elastic, viscoelastic and strength 

properties of the first-year sea ice. In the past year, 119 .uniaxial 

compression tests were run on nearly identical samples in order to test 

the validity of the stress-strain law noted above. The work proposed here 

differs in that these tests will be done to evaluate the effect of 

orientation of the samples, grain size, and confining pressure on the 

mechanical properties. 

2. A series of constant load rate tests will be done on multi-year ice. 

If suitable samples are not available in the immediate area of NARL, then 

an ·ice floe camp will be established for a short duration in order to 

permit the tests to be run. 

3. Theoretical work on the stress-strain law will be continued with 

emphasis on the balance between stored and dissipated energy during 

deformation. This may provide indications as to the nature of the brittle

ductile transition in fracture mechanisms. 

The objectives of this work are: 

1. To determine the effect of grain size orientation and confining 

pressure on the strength and viscoelastic properties of sea ice; 

2. to expand our observations on fracture mechanisms; 

3. to continue development of techniques for in-situ testing, and, 

4. to extend the development of the stress-strain law to provide further 

information on the deformation and fracture of the ice. 
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VI. General Strategy and Approach. 

The mechanical properties of sea ice'depend up on several variables 

including temperature, salinity, grain size and fabric and the rate of 

loading or strain at which the testing is done. In addition, sample 

size, and strain and temperature history can also influence the results . 

. Therefore, a relatively large number of tests must be performed in order 

to establish representative values for various properties-over the range of 

conditions which can exist in nature. However, the existence of a workable 

stress-strain law (such as described above) might tend to reduce the number of 

such tests required by providing calculated curves of the relationship between 

various parameters which can be used to extrapolate between data points. 

During the past field season, the testing program was arranged so that 

the effects of grain size and orientation were not considered as variables. 

This followed from the objective of conducting a relatively large number of tests 

in order to evaluate the stress-strain law. For the coming year,- the test 

program on first-year ice will emphasize the grain size and orientation as 

variables, as well as the effect of confining pressure. The exact proportion 

of tests of each type to be run will depend upon conditions encountered in 

the field. 

During the past season, a relatively simple set-up procedure was 

used which, with available personnel, permitted a total of 119 tests to be 

run. The set-up tim~ for the tests envisaged for this proposal will involve 

significantly more work, and will reduce the number of tests which can be run 

to about 60, in addition to the- series of tests on multi-year ice noted above. 
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VII Sampling Methods 

The test specimen used in the proposed program will be rectangular 

·prisms with dimensions of 30 x 30 x 60 em. These will be cut from the ice 

sheet, the bottom of the resulting hole line$ with two layers of plastic 

sheeting, and the block replaced and frozen back in. The plastic sheeting 

eliminates any shear stress at the base of the block during loading. Loads 

will be applied through flatjacks installed at the block margins, and strain 

will be measured by linear potentiometers or strain extensometers attached 

to the surface of the speciman and by strain gauges embedded within it. The 

data will be analyzed using procedures described in the next section. 

Two types of tests are planned for first-year ice. The first are to 

be tests in uniaxial compression on samples collected from the surface of the 

ice sheet and at various depths. The latter will be cut at different orientations 

with respect to the dominant c-axis direction, to assess the effect of 

anisotropy of the ice. Strength will be determined using creep-rupture and 

constant-loading rate tests. In addition simple rapid loading tests for 

elastic properties, and creep tests for viscoelastic properties will be run. 

A series of biaxial compression tests will be run on samples taken from 

the surface of the ice sheet to evaluate the effect of .. confining pressure 

on the strength of the ice. As in the case for the uniaxial tests, both 

creep~rupture and constant~loading rate tests will be used. 

Ice temperatures will be monitored continuously and salinity measurements 

will be taken from each test sample. In.addition, grain size and orientation 

will be determined. 

Tests on m~lti-ye~r ice will be restricted to uniaxial compression tests 

at constant loading rates. A series of about 20 tests is.planned, covering 

about four orders of magnitude in the loading rate. However, it is possible 

that strain data will not be not be acquired during the tests, particularly 

if it is necessary to establish a floe camp to obtain suitable samples. 
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VIII. Analytical Methods 

The procedures for calculating elastic-parameters from uniaxial and 

biaxial compression test data are well known. Viscoelastic properties are 

determined by fitting calculated stress-strain curves to creep test data. 

Given these results, strength parameters can be calculated and compared 

with the experimental data. 
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IX. Deliverable Products 

A. Dlgital Data: 

1. Recorded Parameters: 

None. 

2. List of Digital Products: 

None. 

B. Narrative Reports: 

~I 78-96 

Narrative reports of methods of testing and results of in-situ 

tests~ further work on derivations of stress-strain laws and failure 

criteria, and comparison of .the laboratory and field data sets. 

C. Visual Data: 

Plots .of various test results generally incorporated into narrative 

reports. 

D. Other Non-Digital Data: 

None. 

L Data Submission Schedule: 

N/A. 

Data Products Schedule Attached 
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I. 

AIU:CRA!:''l' SUI' rmrr - FIXED HWC 

Delinc.:J.tc proposed flight lines on a ch.:1rt of the area.· Indicate desired flight 
altitude on each Une. (Note: If fliuhts are for tram:::porto.tion only, chart 
submi~sion is not nccessar; but origin and destination points should be. listed.) 

Barrow Area· ·. 

Describe types of observ.:J.tions to be made. 

Search for suitable ,multi.,..year ice. floe for testing program. 

What is' tl~e opt'i~um time chronology of observations on a seasonal' basis and what 
is the ma."dmum allowable departure from these optimum timas? (Key to chart. 
prepared under Itec 1 when necessary for clarification.) 

N/A 

llotv many days of flight operations are required and hotv many flight hours per day? 
\ 

Total flight hours? r1~ximum ~f 15 

Do you consider your investigation to be the pll"incipal one for the' flight,. 
thus precluding other activities or requiring other activities to piggyback 
piggybacl::: ·or could you piggyback? · 

Other activites to piggyback. 

l:ntat types of special eq\.dpment are required for t{le a'ircraft (~on 'carry-on)? 

None 
What are the ~.;eights, dimensions, pot;er requirements, and installation 
problems unique to the specific equipment. 

lfuat are the weights, dimensions and pot-ter requirements of carry-on equip!!l.ent? 

None 

l. lfuo.t type of aircraft is best: suited for the purpose? 

Open 

1) Do you recommend a source. for the aircraft? Yes 
If "yes", ple.:1se name. the source and the. reason for your recorn::!lend.ntion. NARL-local 

·,j ~. lvhat is the per hour ch.:J.rter cost of the aircraft? NARL rates 

·I 11,. Uow m.:1ny people arc required on board for: _each flight (exclusive of flight crew)? 

3 

----------·----------------------------740 --------------------------------
2. t.Jherc do you rcc.otnmcnc.l th.:J.t fliGht!: be ot::lr.\~d fr..:>m? BArrow 
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XIII. Anticipated Problems: 

As noted above, the funding available from OCSEAP for this project is 

not sufficient to meet all of the objectives of this proposal. Funding 

from other sources is anticipated, but if it does not-materialize modification 

of the program pr~posed will _b'e required. This.will include: 

Contingency Plan 

1. A short field program to repeat tests previously conducted in order 

to verify results. 

2. A major effort devoted to analysis of previous results, particularly 

with respect to theoretical aspects of the brazil and direct shear 

tests developed under this project, and, 

3. further work on the stress-strain law described above. 

XIV. Information Required from other Investigators: 

N/A. 
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XV. Management Plan 
J 

1. Fiscal 1.11a~ag~ment of funds which may be obtained for this project 

will·be·ha.ndied.:bythe business manager, Geophysical Institute, University 

of Alask~. The'Untve:'fsi'ty provides· monthlY· summary of expendit!Jres and 
' ' ~ ' ··. . ~ ;:;~-~ ~ . 

· encumbrances ~as ·~elj· .~as·~current· information· on all financ.ial aspects of 

the contract in acco~dance with mutual requirements of the contractor . 

. ~~;, Sci enti fi c. management. wi 11 be the res pons i b 1 i ty of the pri nci pa 1 
- . ' ! 

investi.gator.s .. who. wHl l-ead ·and supervise all phases of the proposed wo.rk . . . . . . . ' . . . 

and assure the ,titnt!JY.':cofi!Pletj.on of the objectives. 
'> .. • • • '~ •• • ' • ~ .. • • ' • ' 

· 3. Outside .ceordinat.ion, 'review, and direction will be provided by 
• • • ", • ~ • ' • ... • • • •J•1' •. h' ' ' ,,_ . . ' 

OCSEAP throug~ . the OCS }\rcti.~ Project .Pffi ce. 

4. Milestones fori the proJect are attached. 
• • ~ • u , ·:. ~. ' . !d•h.' •• .,. •• ~ .. , ' '· •.. ·' .. ~ . , . 

\ 

\ 
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MILESTONE CHART 

0 - Planned Completion Date 

X - Actual Completion Date 

RU 0 __ 2_6_5 __ PI: Lewis H. Shapiro 

Hajor Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 . 1979 
Z.~OR ~-tlLESTO}iES 0 N D J F M A M 

Completion of planning of field program .A 
Complet1on of acquisition and fabrication A of equipment 

.. 

Start field work A 
Floe camp (if required) ll 
Complete field work A 
Complete analysis of data 

_. 

.. 
Complete report of field work . '. , . ... 

.. 

.. 

.. 
. . . 

.. 
-.· 

' 

J J A s 0 

~ 

A 

·' 
1 
·-

... 

-

N D 

.. ' 

= - ___ -===:::;:-~--
-~ 



GI 78-96 

XVI. Outlook 

Assuming that the objectives outlined above are completed, some 

repetition of the results may be required in the next year. This will be 

the case if, for example, an adequate range of temperatures are not encoun

tered during the coming year. If repetition is not required, then the next 

logical step is to develop a program of tests in tension and shear, as well 

as mixed modes of loading. This will provide an opportunity for further 

evaluation and refinement of the stress-strain law. 

Given that the .. stress-strain law is applicable to the results of 

small-scale tests, the problem still remains of its utility for predicting 

the behavior of the full thickness of the ice sheet. This is critical 

for engineering purposes, and will require a series of tests at that 

scale. The availability of a stress-strain relationship will tend to minimize 

the number of tests which must be run, but even a relatively short program 

of large-scale test~ would require a substantial increase in funding. 

No changes are anticipated in logistics requirements or in the site of 

field operations. 
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XVII. CONTRACTUAL STATEMENTS: 

1. Updated milestone charts will be submitted.quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. · 

2. Quarterly Reports will be submitted ~o the appropriate 
Project Office during the contract by the first day of 
January, July, and October. Annual Reports by April 1. 
The Final Report will be submitted within 9d days bf the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an .official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 

4. At the option of .the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tr~ct year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-13). 

6: Data will be submitted within 120 days of the completion of a 
cruise or three month data ~ollection period, unless a 

· written waiver has been received from the Project Off.ice. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U. S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded 
as shown on form CD-281, 11 Report of Government Property in 
Possession of Contractor" (copy attached). Updated copies 
of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to 
the appropriate Project Office at least sixty (60) days. 
prior to release, for information and for forwarding to BLM. 
The refease of such material within a period of less than 
sixty (60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 
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10. All publications and presentations of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgment is standard: 

"This study was supported .by the Bureau .of Land 
Management through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
under which a multi-ye4r program responding to 
needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) 
Office." 
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Proposal Date: June 15 1 1978 

_To: Arctic Project Office Contract #: 03-5-022-55 
506 Elvey Building 
Geophysical Institute Task Order #: 10 
University of Alaska 
Fairbanks, Alaska 99701 NOAA Project #: N/A 

Institution ID#: GI78-98 

FV 1979 RENEWAL PROPOSAL 

-Research Unit Number 267 

TITLE: OJW'~tion of}I'I'Alaskan Facilit,y·for·Applications·of·Remote-Selising Data to 

·ocs·studtes · 

Cost of Proposal: $ ·uo;ooo Lease Areas ·aeaufott 41 % ---
·other·Alaskan '59 % ......;;.;_..,_.,; 

Period of Proposal: October 1, 1978 through September 30, 1979 

· ~·~ · Date!/iWt 
Jiirie erer;lreCOr 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
Telephone Number: (907) 479-7282 

~ J· 4ffi6:~ Date t/J?!7P 
ffetati ey,usiness\Manager 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
Telephone Number: (907) 479-7644 

,g Date ~h/7M 
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Research and Advanced Study 

University of Alaska 
Fairbanks, Alaska 99701 
Telephone Number: {907) 479-7314 
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3. TECHNICAL PROPOSAL 

I. TITLE: Operation of an Alaskan Facility for Applications of 
Remote-Sensing Data to OCS Studies. 

RESEARCH UNIT NUMBER: OCSEAP R.U. 267 
CONTRACT NUMBER: 03-5-022-55, Task Order No. 10 
PROPOSED DATES OF CONTRACT: October 1, 1978, to September 30, 1979 

II. PRINCIPAL INVESTIGATOR: Albert E. Belon 
Professor of Physics 
Geophysical Institute 
University of Alaska 

The Principal Investigator will spend 25% time, and will be involved 
in all phases of the project. He also will serve as remote-sensing 
advisor to OCSEAP. 

III. COST OF PROPOSAL: 

A. Science- $110,000 
B. P.I. provided logistics - $0 
C. Total - $110,000 
D. Distribution of effort by lease area -

Beaufort $45,000 
Chukchi $25,000 
Norton $20,000 
Bristol Bay $10,000 
St. George $10,000 

IV. BACKGROUND: 

Remote sensing, by satellites and aircraft, of the vast and varied 
continental shelf of Alaska is an important, and in many cases 
the only, tool for environmental assessments. This project has 
collected, compiled, catalogued, and distributed all available 
remote-sensing data in the coastal areas of Alaska and has provided 
services and advice in analyzing and interpreting the imagery. 
From 30-50 OCSEAP projects have routinely and repeatedly used the 
services and facilities of this project, which will hopefully be 
continued for the duration of OCSEAP. 

V. OBJECTIVES: 

The principal objective of the project is to make remote-sensing 
data processing facilities and interpretation techniques available 
to OCSEAP investigators b~: 

1; the acquisition, cataloging and distribution of all 
available imagery. 

2. the operation of a facility for photographic, optical 
and digital processing of remote-sensing data. 
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3. the development of photographic, optical and 
computer techniques for processing data. 

GI78-98 

4. the active interaction (including assistance in data 
search and processing) with all OCSEAP R.U.'s needing 
remote-sensing data and data analysis/interpretation 
assistance. 

Special emphasis will be placed on the acquisition of recent and 
historical imagery of the Beaufort Sea lease area to address site 
specific details of importance to final environmental assessment 
work. 

VI. GENERAL STRATEGY AND APPROACH: 

Three basic approaches are followed in the performance of the 
project: 

1. Search, acquisition, cataloging and dissemination (in Arctic 
Project Bulletins) of all relevant LANDSAT and NOAA satellite 
data, and aircraft remote-sensing data (USGS, NASA, NOAA, 
U . S. Army, etc. ) . 

2. Development and adaptation of photographic, optical and 
computer methods for analyzing remote-sensing data, including 
contrast stretching, density slicing, color coding, and 
computer-aided physical and ecological classification of 
digital satellite data. 

3. Applications of remote-sensing data to OCS studies in' 
cooperation with other OCSEAP projects. 

VII. SAMPLING METHODS: 

Satellites- For mapping of sea-ice, sediments, and coastal 
ecosystems. 

- LANDSAT multispectral imagery of coastal zone with less than 
30% cloud cover. 
Coverage: 185 x 185 km; ground resolution: 80 m; frequency: 
every 18 days. 

- LANDSAT 3-RBV imagery will be available with improved resolution, 
starting in mid-1978 
Coverage: 185 x 185 km; ground resolution: 30m; frequency: 
every 18 days. 

- NOAA visible and infrared imagery irrespective of cloud cover. 
Coverage: 1000 x 1000 km; ground resolution: 1 km; frequency: 
daily. 

Aircraft - For detailed mapping and, in conjunction with satellite 
data, multistage sampling of sea-ice, sediment patterns, and 
coastal zone ecosystems. 
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-High altitude (65,000 ft.) natural color and color-infrared 
aerial photography obtained by NASA - Mostly historical data. 

-Medium altitude (30,000 ft.) color and black and white aerial 
photography obtained by NASA - Historical data. 

-Low altitude (5,000 to 10,000 ft.) color and black and white 
aerial photography, and all-weather side-looking radar (SLAR) 
imagery. Historical and current data obtained for OCSEAP by 
USGS, NOAA/NOS, U. S. Army, etc. 

VIII. ANALYTICAL METHODS: 

The available remote-sensing data from satellite and aircraft will 
be searched for their applicability to the OCS program with respect 
to spatial and temporal coverage, cloud cover, quality and usefulness 
for specific disciplinary objectives. Selected imagery will be 
ordered and a catalog will be published through the OCS Arctic Project 
Bulletins for dissemination to OCS investigators. 

The analytical methods for processing and interpreting remote-sensing 
data will be developed for, and in cooperation with, the OCS users 
of remote-sensing data. Therefore, it is not possible at this time 
to state precisely and comprehensively what these methods will be; 
but on the basis of previous experience, they are expected to be: 

- visual photo interpretation of enhanced remote-sensing 
images primarily to map sea-ice and sea-surface suspended 
sediment patterns 

- optical processing and color-coding of multispectral or 
multidate data for studies of temporal variability 

- analog density slicing (using a VP-8 image analyzer) to 
enhance and quantify offshore sediment patterns and sea
ice distributions 

computer analysis of imagery in digital format for digital 
density-slicing, spectral reflectance signatures of sea-ice 
and landform types, thematic classification of sea-ice and 
onshore ecosystems and landforms. 

Reference: 

Belen, A. E., J. M. Miller, and W. J. Stringer, Environmental 
assessment of resource development in the Alaskan coastal 
zone based on LANDSAT imagery, Proceedings of the NASA 
Earth Resources Survey Symposium, NASA/JSC, Vol. I~ 
242-260, 1975. Also, OCSEAP Arctic Project Bulletin, 
Nos. 6 and 7, 1975. 
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IX. DELIVERABLE PRODUCTS: 

Raw remote-sensing data will be acquired and archived by the 
project for the use of OCSEAP principal investigators. Therefore, 
delivery of these data to OCSEAP under the contract would be 
counterproductive. However, catalogs of available remote-sensing 
data will be prepared and delivered under the contract through 
the series of Arctic Project Bulletins. Interpreted data will be 
generated for, and in cooperation with, other OCSEAP projects. 
Therefore, they will be reported and delivered by the user projects. 

With these qualifications, the deliverable products of the project 
are expected to be: 

A. Digital data 
1) .Selected tapes of LANDSAT and NOAA satellite images 
2) Analyzed tapes of sea-ice reflectance profiles and of 

thematic classification of sea-ice and coastal ecosystems 

B. Narrative reports 
1) Catalogs of available satellite and aircraft remote

sensing data of the Alaskan coastal zone, to be distri
buted through the series of Arctic Project Bulletins 

2) Narrative description of project activities, facilities 
and analysis/interpretation techniques, to be distributed 
through project reports and, when appropriate, through 
the series of Arctic Project Bulletins 

C. Visual data 
1) Satellite (LANDSAT and NOAA) imagery, including custom 

mosaics of imagery 
2) Aircraft (photographic and side-looking radar) imagery 

D. Other non-digital data 
None 

X. QUALITY ASSURANCE PLANS: 

Satellite-acquired remote-sensing data include a density step tablet 
which calibrates the densities on the film w1th reflectance of the 
ground or sea, as well as providing a system (relative) calibration. 
Absolute calibration in terms of environmental parameters (e.g., sediment 
load in offshore waters) requires concurrent field measurements. 

Aircraft-acquired remote-sensing data, particularly aerial photography, 
seldom include accurate calibrations. For these data,·calibration 
will be obtained, when necessary, by cross-calibrations with concur-
rent satellite and/or field data. 
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XI. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS: 

The original remote-sensing data from satellites and NASA aircraft 
are already archived and entered in the public domain (USGS/EROS and 
NOAA/NESS) when copies are obtained by the project. 

Remote-sensing data acquired by aircraft programs under contract 
with OCSEAP are stored under appropriate controlled conditions 
in the library archives of the Geophysical Institute; 

Catalogs of all acquired data are published in the series of 
Arctic Project Bulletihs. 

XII. LOGISTICS REQUIREMENTS: 
None anticipated (see attached forms) 

XIII. ANTICIPATED PROBLEMS: 

In general it is not anticipated that insurmountable problems will 
prevent the successful achie~ement of the project•s objectives. In 
practice, the most significant problem for remote-sensing data 
acquisition projects, which are limited in space and time, will 
be the prevailing cloud-cover and availability of remote-sensing 
aircraft. In particular, close coordination will be required to 
insure the success of multistage sampling experiments which depend 
on the concurrent acquisition of ground-based (or sea-based) data, 
and cloud-free aircraft and satellite data. The recommended 
solution to this problem is to include a (weather-insensitive) . 
side-looking radar (SLAR) as part of the aircraft remote-sensing 
instruments. 

XIV. INFORMATION REQUIRED FROM OTHER INVESTIGATORS: 

The principal objective of the project is to make remote-sensing 
data, processing facilities and interpretation techniques available 
to the OCS investigators so that the promising applications and 
cost-effectiveness of remote-sensing techniques can be incorporated 
in their disciplinary investigations. Therefore, in principle, 
the project will supply data and interpretation assistance to the 
other investigators and will only require a request or statement of 
need from the other investigators. In practice, particularly 
for cooperative projects, the project will need field data to 
correlate with remote-sensing data as part of the multistage 
sampling technique. We an~icipate no problems in obtaining these 
field data because the investigation will be performed at the 
request of, and in cooperation with, the user project which obtained 
the field data. · 
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XV. MANAGEMENT PLAN: 

The activities of the project will be managed in three main groupings. 
With reference to the activity/milestone chart on the next page, 
these are: 

A. Continuous Support Activities- (1, 2, and 4). These cover 
the most important support functions of the project. They involve 
direct daily interaction of the project's personnel with OCS 
investigators. The usual point of contact will be the remote
sensing data librarian and secretary who will answer requests for 
data and refer requests for data processing assistance to the 
principal investigator and remote-sensing specialist, photographer, 
computer programmer, or instrument technician, as appropriate. 

B. Research and Coordination Activities - (3, 5 and 6). These 
activities cover the coordination of the aircraft data acquisition 
program and the development of remote-sensing data processing 
and interpretation techniques, often in anticipation of the needs 
of the OCS investigators, rather than their stated short-term needs. 
These activities will be handled by the principal investigator of 
the project with the assistance of the remote-sensing specialist 
and other support personnel. 

C. Reporting Activities- (7, 8, and 9). These activities cover 
the publication of remote-sensing data catalogs, reduced and 
interpreted data, progress reports, and articles. These activities 
will be performed by the principal investigator with the assistance 
of the data librarian and secretary. 

Financial management of the project will be handled by the Geophysical 
Institute Business Manager and the principal investigator. 

XVI. OUTLOOK: 

On the basis of the experience of the last three years, it is expected 
that there will be a continuing need for the contributions of the 
project for the duration of OCSEAP. The number of OCS users of the 
project's services has gradually increased from 10-15 initially to 
currently 30-50. As investigators phase their activities from field 
data collection to data analysis and synthesis, the synoptic character
istics and value of remote-sensing data will increasingly become 
essential ingredients of the final environmental assessment. 

Special attention will be required within individual lease areas, 
on a case by case basis, to focus on specific factors important to 
the leasing process. 

It is expected that the scope and level of effort of the project 
will be maintained over the duration of OCSEAP; however, the cost 
will increase each year in relation to inflation in the cost of 
labor and materials. In particular, the cost of LANDSAT data has 
nearly tripled during the past year, and although we are keeping 
the requested budget level by being much more selective in the 
purchase of remote-sensing data from USGS/EROS, further cutbacks in 
the acquisition of data would be deleterious to the program. 
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l. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submitted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 12cr days of the completion of a 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory.form 
{NOAA 24-23) will be submitted to the Project DataMan~ger. 

8. Title for all property purchased with OCSEAP funds remains 
with the U. S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded 
as shown on form CD-281, "Report of Government Property in 
Possession of Contractor" (copy attached). Updated copies 
of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to 
the appropriate Project Office at least sixty (60) days 
prior to release, for information and for forwarding to BLM. 
The release of such material within a period of less than 
sixty (60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 
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10. All publications and presentations qf material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgment is standard: 

11 This study was supported by the Bureau of Land 
Management through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to 
needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) 
Office. 11 
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5. OTHER INFORMATION 

1. The qualifications of the proposer are described at the beginning 
of this proposal (Section 2) and in the attached curriculum vitae 
(personal data).. It is noted that the proposer has been engaged 
in optics research (photography, photometry and spectroscopy) since 
1956, and specifically in remote-sensing· research since 1970, for 
which he received the 1974 NASA Exceptional Scientific Achievement 
Award. 

2. The proposer does not presently have another contract with OCSEAP. 

3. The proposer (principal investigator) shall actively lead and 
supervise the proposed work, and shall take full responsibility 
for timely completion·of all objectives, in accordance with the 
provisions of contract 03-5-022-55. 

4. Personnel assigned for direct work on the project (see also 
Management Plan): 

Principal Investigator - Albert E. Belon, Professor of Physics 
,, 

(See attached curriculum vitae and statement of qualifications.) 
Professor Belon was coordinator of the NASA-sponsored University 
of Alaska Earth Resources Technology Satellite Program (12 
projects), in addition to being principal investigator of one 
of these projects, from 1972 to 1975, for cooperative applica
tions of remote-sensing data with operational agencies of 
government and industry. He is chief of the EROS Applications 
Assistance Facility for Alaska under contract with the U. S. 
Geological Survey. He is also currently principal investigator 
under contract with NOAA for OCSEAP Research Unit No. ·267, 
for which this proposal seeks a one-year extension. 

Remote-Sensing Specialist - Mr. Thomas George 

Mr. George received a Bachelor of Science degree from Oregon 
State University in 1973. He has been associated with the 
University of Alaska Remote-Sensing Program (see projects 
under 11 principal investigator 11

) since 1974, and has developed 
considerable expertise in all aspects of remote-sensing data 
processing equipment a·nd techniques (photographic, optical 
and digital). 
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Remote-Sensing Data Librarian and Technical Secretary - Mrs. Katherine Martz 

Mrs. Martz has been the Remote-Sensing Data Librarian and 
Technical Secretary of the University of Alaska Remote-Sensing 
Program (see projects under 11 principal investigator 11

) since 
1972. She is without doubt the best informed person in Alaska 
on the availability and sources of remote-sensing data and 
has established excellent working relationships with these 
sources, in particular the EROS Data Center, the local NOAA/ 
NESS satellite data acquisition .facility, and various govern-
mental and industrial Alaskan sources. 

Photographer - Mr. Malcom Lockwood 

Mr. Lockwood is the member of the Geophysical Institute 
Photographic Laboratory who has been the most involved in 
the photographic processing of remote-sensing imagery since 
1975. His activities include processing and printing of 
black and white and color remote-sensing imagery, reconstitution 
of false-color ~mages from multispectral or multidate remote
sensing data, image enhancement for disciplinary applications 
and generally a full line of photographic services. 

Computer Programmer - Mr. Steve Leonard 

Mr. Leonard recently joined the Geophysical Institute and 
has taken charge of· software development for remote sensing 
digital data analysis. His past work included five years 
program development for Electromagnetic Systems Laboratories 
on their Interactive Digital Image Manipulation System. 

5. Other Relevant Data: None. 

6. Names and Telephone Numbers of Persons Authorized to Conduct 
Negotiations: 

This information is provided on the cover page of the proposal. 
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To: Arctic Project Office 
506 Elvey Building 

· Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
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Contract P.: 03-:5-022-55 

Task Order #: 3 ! 
--~~-----------

NOAA PROJECT ID:_~NI..:...A;..._ ____ _ 
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FY 1979 RENEWAL PROPOSAL 

Research Unit Number 271 

TITLE: Arctic Offshore Permafrost Studies 

Cost of Proposal: $ 40,000 Lease Area Beaufort Sea 100% 

Period of Propos a 1 : October 1 , 1978 through September 30, 1979 
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3. TECHNICAL PROPOSAL 

I. TITLE: Arctic Offshore Permafrost Studies 
RESEARCH UNIT ~!UMBER: ClCSEAP R.U. 271 
CONTRACT NUMBER: 03-5-022-55, Task Order No. 3 
PROPOSED DATES OF CONTRACT: October 1, 1978, to September 30, 1q79 

II. PRINCIPAL INVESTIGATOR: James C. Rooers 

r,I 78-100 

Assistant Professor of Electrical Engineering 
Geophysical Institute 
University of Alaska 

CO-PRINCIPAL INVESTIGATOR: John Morack 

III. COST OF PROPOSAL: 

A. Science - $40,000 

Professor of Phv~ics 
Geophysical Insiitute 
University of Alaska 
Fairbanks, Alaska 99701 

B. P.I. provided logistics - $0 
C. Total $40,000 
D. Distribution of effort by lease area -

. Beaufort Sea 100% 
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IV. BACKGROUND 

A. Beaufort Sea 

Subsea permafrost represents a hazard to offshore operation 

both from a human safety standpoint and from an environmental standpoint. 

In order to increase the small amount of information available about 

offshore permafrost, a continuing research effort has been conducted by 

this research unit and others including Hopkins (RU 204/473), Sellman 

(RU 105), and Osterkamp and Harrison (RU 255/256). 

No single type of data is sufficient to determine the origin, 

state, distribution and dynamics of subsea permafrost. Thus, although 

bottom temperatures are considerably below 0°C in many places the sea 

bottom is not ice bonded. Hence, temperature data alone will not indicate 

the presence or absence of ice bonded materials. In most cases, temperature 

and salinity of interstitial fluids are needed to determine the state of 

the sub-bottom materials. These data are gathered only by drilling and 

represent local conditioning. Seismic refraction and reflection methods 

have been successfully used by this research unit to map the upper 

surface of the permafrost along a drill line produced by other research 

units and extending some 18 kilometers offshoe at Prudhoe Bay. Several 

important conclusions regarding the nature of subsea permafrost have 

come from these coupled efforts. Among these is the necessity to distinguish 

between ice bearing materials and ice bonded materials. In some cases, 

notably on some of the offshore islands, drilling information indicates 

ice in drill cuttings, but seismic velocities are low, thus indicating 

the materials are not ice bonded. This is an important distinction from 

the standpoint of the mechanical properties of the soils. 
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Other important features that have been discovered are the high degree 

of roughness of the upper permafrost surface and the possible absence of 

permafrost beneath Prudhoe ·say. Studies along the drill line from the 

West Dock through Reindeer Island indicate that relatively shallow 

permafrost (20 to 30 m beneath the ocean surface) is found further 

offshore. This fact alters the projections made in previous ~ears. 

While it was once believed that the surface of the bonded permafrost 

dipped gradually and continuously offshore at Prudhoe Bay it is now 

clear that this is not the case. 

The work proposed here will extend the previous research effort to 

include a larger area around Prudhoe Bay. It will include the offshore 

islands nearby and the effects of the Sag River on the permafrost surface. 

Also, of interest is the area between Reindeer Island and Cross Island 

where bonded materials 7 m beneath the ocean floor are indicated by our 

seismic data. This is at a location approximately 18 km from shore, a 

distance once postulated to be great enough so that near surface perma

frost could pose no problems to offshore activities. The new information 

clearly calls for caution in dredging and burial operations, however. 

Ultimately broad regional coverage of subsea permafrost distribution 

will be required and this will be dealt with by other research units 

using available industry data. The purpose of the seismic work proposed 

herein is to provide complementary information to site specific studies 

carried out by others, so that the results of these studies can be 

synthesized into a broader understanding of the offshore permafrost 

hazards. Presently there is not a satisfactory 11 general description 11 of 

the permafrost beneath the Beaufort Sea. Integrated drilling, seismic 
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geothermal, geochemical and geological programs aimed at providing such 

information are required. Other general information (industry seismic 

data and drilling information) can't substitute for a coordinated effort 

but can only be used to complement that effort. 

An example of such a coordinated effort is the planning that is 

proceeding between the OCSEAP permafrost investigators and the USGS. 

The later agency is mounting an extensive drilling program for next 

spring, to drill 22 holes, some down to 300 feet, throughout the Beaufort 

Sea lease area. In order to obtain a better correlation between seismic 

velocities and material conditions a program to log velocities in one or 

more of their drill holes that encounter bonded permafrost materials is 

planned by this research unit. 

V. OBJECTIVES 

1. To investigate the distribution of subsea permafrost at Prudhoe 

~Bay through seismic investigation. In particular, additional 

North-South lines are needed between the mouth of the Sag 

River and Reindeer Island to determine if either of the two 

major north south lines run to date are typical. On one line 

the permafrost surface is known to dip steeply offshore while 

on the other line no dipping occurs. 

2. To investigate the distribution of permafrost beneath the 

barrier islands near Prudhoe Bay. Some islands appear to be 

relatively free of bonded materials while others are underlain 

by essentially continuous permafrost. 
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3. To map the boundary of the shallow permafrost North and West 

of Reindeer Island and to relate t~is to probing data which 

has determined the temperatures of these materials. This 

study will be coordinated with the drilling program of the 

USGS to be done in the coming spring. 

4. To integrate the seismic data with drilling probing and other 

data gathered by OCSEAP in order to synthesize a picture of 

permafrost distribution in the Beaufort Sea. 

5. To acoustically log one or more of the drill holes planned by 

the U.S.G.S. in the Beaufort Sea, in order to correlate seismic 

velocities measured during the marine seismic work to bonded 

permafrost and other materials. 

The relevance of the proposed work and objectives relating to an 

environmental assessment of the Alaskan Continental Shelf have been 

stated clearly in the OCSEAP 1978 Beaufort Sea Synthesis Report. Some 

potential problems related to the offshore permafrost hazard are: thaw 

subsidence of buried hot oil pipelines and well bores, frost heaving of 

bottom founded structures and cold gaslines, and variable engineering 

properties associated with salt brine laden materials. A primary concern 

of our studies is to provide adequate knowledge about subsea permafrost, 

to enable proper design of oil exploration and development facilities 

and to ensure that adequate and reasonable development controls are 

promolugated by government regulatory agencies. 

VI. GENERAL STRATEGY AND APPROACH 

During the spring one or more of the drill holes planned by the 

U.S.G.S. in the Beaufort Sea will be acoustically logged. A measurement 
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of seismic velocity as a function or depth will be made by lowering a 

pair of receiving transducers separated by a fixed distance (approximately 

2 meters) into a drill hole cased with plastic pipe. By measuring the 

travel time of the sei~mic signal produced by an airgun, the averag~ 

velocity as well as local velocities on a scale of two meters will be 

measured. Helicopter support will be used to transport personnel and 

equipment to the site. 

Marine seismic refraction and reflection equipment will be used 

during the summer season to investigate subsea permafrost. It will be 

necessary to use a shallow draft boat in the near shore region. A boat 

has been obtained that will provide a highly flexible platform for the 

required offshore permafrost investigation discussed in section V above. 

Work will be conducted during the months of July and August. Near shore 

work along the barrier islands will be possible, as well as transport of 

probing equipment and land seismographs along the islands. Also, the 

shallow northern shoal area off Reindeer Island can be examined to 

further _qetermine the nature of the permafrost in this region. If ice 

conditions restrict boat operations during part of the field season, 

helicopter transport will be used for the island studies. 

The seismic source will be airguns and an analog recording system 

will be used. 

VII. SAMPLING METHODS 

The sampling method will involve periodic shots of the airguns 

while pulling a hydrophone streamer behind the boat. Lines will be 

reversed where necessary to determine surface slopes, and some lines 

will be run on land to provide a velocity data base for interpretation 

of marine seismic-velocities. Additional lines will be run with a 

hammer enhancement seismograph on offshore islands. 
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VIII. ANALYTICAL METHODS 

Standard seismic refraction and reflection data reduction methods will 
be used. Examples can be found in past annual and auarterly reports 
of this research unit. 

IX. DELIVERABLE PRODUCTS 

A. Digital Data - In keeping with memos dated August 24 and August 
30, 1976 from F. M. Cava, Assistant Data Manager, NOAA/OCSEAP, 
Juneau Project Office, no digital data are required on magnetic 
tape. The quarterly reports and annual reports serve the data 
requirement. 

B. Narrative Reports - N/A 

C. Visual Data - N/A 

D. Other Non-Digital Data - ,N/A 

E. Data Submission Schedule 

Data Collection Period June, July, August 1979 

Data will be submitted by quarters in quarterly reports. 

X. QUALITY ASSURANCE PLANS 

The electronics will be tested and calibrated in the laboratory before 
actual field work. Onshore measurements of acoustic velocities in 
permafrost will be performed at all sites for instrument calibration. 
Additional testing will be performed at existing drill hole sites 
which have indicated ice bonded materials. 

XI. SPECIAL SAMPLE AND VOUCHER SPECIMEN PLANS - N/ A 

XII. LOGISTIC REQUIREMENTS - See attached forms. 
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c. AIRCRAH SUPPORT - HELICOPTER - Bell 206 Helicopter 

1. Dclinc~tc proposed transects and/or station ~cheme on a chart of ·the arc~. 
(Note: If flights are for transport of personnel or equipment only fr.om b~se 
camps to field camps and vis~ versa, chart submission is not necessary but 
origin and destination points shou.].d· b~ listed). 

Nine hours, Bell 206 nelicopter w1ll be used l:'o carry two personnel and equipment 
. from Deadhorse to offshore islands and drill holes. 

2. Describe types of observations to be made. 

3. What is the optimum time chronology of observations on a seasonal basis and ~.,hat: 

is th~ maximum allowable departure from these opt~um times7 

4. How many days of helicopter operations are required and how many flight hours 
per day? 

Total flight hours? ~line hours, Bell 206 helicopter to carry two personnel and 

5. How many people are required on board for each flight (exclusive of the pilot)? 

6. t-lhat are th~ ~~"eights and dimensions of equipment or supplies to be transported? 

7. iVhat type of helicopter do you reommend for your operations and why? 

8. Do you recommend a particular source for the helicopter? If "yes", please name 
the source and the reason for your reco~endation. 

9. \-lhat is the per hour ch~rter cost of the helicopter? 

10. \~tere do you reommend th~t flights be staged from? neadhorse to offshore islands 

and drill holes. March and April and last two weeks in July through Au~ust. 

11. Will spcci~l navieation and con~unications be required? 
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XIII. ANTICIPATED PROBLEMS I CONTINGENCY PLAN 

In past field seasons, the limited time available to the project on the 
RV Karluk.coupled wit~ inclement weather have limited the scope of the 
data collected. The purchase of a Boston Whaler for the 1978 field 
season,which is dedicted to the project for approximately three weeks, 
should provide adequate field time to accomplish the proposed field 
objectives. Additionally, some helicopter support will be used to 
conduct seismic work on offshore islands during periods .when winds or 
ice conditions make offshore work impossible. 

XIV. INFORMATION REQUIRED FRnM OTHER INVESTIGATORS 

Location and information concerning the drill holes of Osterkamp 
and Harrison (RU 255, 256) will be needed. Continuinq contacts 
are established to acouire this information. Also, shoreline 
history information w-Ill be required from Hopkins (Rll 473). 

XV. MANAGEMENT PLAN 

Reduction of the 1978 field data will beain in November and be 
completed in time to be included in the annual report on April 1, 
1979. Planning for the 1979 field season at Prudhoe will beqin 
in April. Island and offshore data will be collected in the
Prudhoe Bay area from the third week in July through the first 
week in September. Preliminary data reduction will take place 
during September and October. (See attached milestone chart). 
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HILESTONE CHAR'£ 

0 - Planned Completion Date 

X - Actual Completion Date 

RU II 271 PI: J. C. Rogers and .J. l. Morack ----- ,, 
Hajor Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 1979 
f.::AJOR HlLESTmmS 0 N D J F M A M J J A s 0 N 

Data reduction of 1978 field work 0 0 0 0 0 

Planning for 1979 field season 0 0 0 

Field work in Prudhoe Bay area 0 0 0 0 0 

PrP1iminnrv rPduction of 1979 data 0 0 

..... }Jriti no af __ auartprl v renorts o] 0 0 0 
~"' 
li.O I 

Writina of annual reoort 0 

I 
1------, 

D 
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XVI. OUTLOOK 

Beaufort Sea work proposed for FY 180 includes some work on the barrier 
islands near Prudhoe Bav and in the adjacent shallow waters. A 
cooperative effort wit~ RU 253 to examine the temperature 
salinity and permafrost profile on selected islands in the Beaufort 
Sea is anticipated for FY 80. The results should provide a knowled~e 
of how the barrier islands effect subsea permafrost. The first 
detailed distribution of the permafrost beneath a selected island 
and the related temperature and salinity data will be obtained. 

Work proposed for FY 80 and 81 include the first near-shore seismic 
refraction efforts in the Chukchi Sea. This work will be in close 
support of the previous efforts by RIJ 253 and 473 in an effort 
to extend their drilling information and knowledge of shoreline 
history. It is anticipated that permafrost will be found principally 
near shore. As such, the first work will be somewhat localized. It 
will be necessary to extend the coverage north along the Chukchi 
coastline in the following research period to provide a broader 
picture of near shore permafrost in the Chukchi. Additional 
cooperation with Harrison and Osterkamp (RU 253)in linking 
temperature salinity measurements along the coast with seismic 
refraction measurements is anticipated. The final results and 
program bench mark should be a knowledge of the general nature and 
distribution of near shore permafrost along the shore of the rhukchi 
Sea. 

Logistic requirements for the Beaufort Sea and Chukchi Sea work are 
tied closely together. These requirements will be similar ,to past 
seasons and pose no unusual problems. 

It is anticipated that with the increased geographical coverage, more 
investigator time will be required for data gathering interpretation. 
Thus, the Beafort/Chukchi proposal cost will be $50,000 for FY 80 and 
$60,000 for FYBl. No major equipment needs are anticipated. 
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XVII. CONTRACTUAL STATEMENTS: 

1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year 1 s 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submitted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
.will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a 

~written waiver has been received from the Project Office. 

7. W1thin 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) .will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U. S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased· with OCSEAP funds. Information will be recorded 
as shown on form CD-281, 11 Report of Government Property in 
Possession of Contractor 11 (copy attached). Updated copies 
of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to 
the appropriate Project Office at least sixty (60) days 
prior to release, for information and for forNarding to BLM. 
The release of such material within a period of less than 
sixty (60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 
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5. OTHER INFOR~ATION 

A. Most of the background, experience and auaiifications of the 
investigators are contained in the attached·personal data 
sheets and Part 2. It should be noted that J. t.. Ro9ers has 
been involved in these studies since 1973 (since 1975 under 
OCSEAP sponsorship), and J. L. Moracr has been involved with 
the project since the 1975 field season. 

B. Close cooperation will be maintained with complementary work 
of R!l 253 {Osterkamp and Harrison). 

C. The investigators shall actively lead and supervise th~ proposed 
work, and shall take full responsibility for timely completion 
of all objectives. 

D. Personal: J. C. Rogers and J. L. Morack will both be involved 
with data collection, data reduction and the presentation of 
reports and results. See part E for recent experience with the 
project. 

E. None 

F. James C. Roaers 
277-1018 {home) 
272-5522 (work) 
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2. QUALIFICATIONS OF PROPOSER AND RELATED INSTITUTION 

Principal Investigator 

Dr. D. G. Shaw has had seven years experience in the analysis of trace 

organic substances in the marine environment. While at 'the University 

of Alaska, he has developed a research program in marine hydrocarbon 

chemistry which uses state of the art methods of analytical chemistry 

to obtain quantitative information about the marine environment. Bio-

graphical information is attached. 

Facilities 

Chemical laboratories of the Institute of Marine Science in Fairbanks, 

were analyses will be done, are well suited for this work. These labo-

ratories are equipped with gas chromatographs, a gas chromatograph-mass 

spectrometer-computer system as well as an extensive array of ancillary 

equipment and freezer facilities for sample storage. 

3. TECHNICAL PROPOSAL 

I. TITLE 

Hydrocarbons: Natural Distribution and Dynamics on the Alaskan Outer 
Continental Shelf. 

Research Unit Number: 275 
Contract Number: 03-5-022-56 
Task Order Number: 5 
Proposal Period: 1 October 1978 - 30 September 1979 

II. PRINCIPAL INVESTIGATOR III. COST OF PROPOSAL 

Dr. D. G. Shaw A. Science 
B. Logistics 
C. Total 
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IV. BACKGROUND 

This project has surveyed the ambient hydrocarbons in biota, water and 

sediment from numerous Alaskan environments which may be impacted by OCS oil 

development. While most regions and materials examined have been dominated 

by hydrocarbons, two important exceptions to this generalization 

have been identified. Pyrolytic and fossil aromatic hydrocarbons have been 

identified in nearshore Beaufort Sea sediments. Geochemically produced 

diterpenoid hydrocarbons have been formed in sediments and organisms of 

lower Cook Inlet. 

This project has also investigated processes involved in the transloca

tion of petroleum in the marine environment. Processes examined include 

hydrocarbon sorption by sediments and sedimentation via zooplankton. In 

FY 78 an investigation was begun of the hydrocarbon impact of current off

shore oil production in upper Cook Inlet and of tidally driven variability 

within the inlet. By understanding the way in which the Cook Inlet environ

ment responds to the current loading of oil it should be possible to better 

predict the impacts which might result from future oil development in the 

lower inlet. 

V. OBJECTIVES 

This project will concentrate on a site specific study in Cook Inlet. 

Field sampling will be designed to investigate the water column dispersion 

of hydrocarbons from upper Cook Inlet offshore production operations and to 

investigate their potential accumulation in organisms of the area. 

Upper Cook Inlet is the only current site of offshore oil production 

in Alaska. Information about the kinds and amounts of hydrocarbons being 
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released as a result of these operations and the extent of their bioaccumula

tion, if any, will provide an important guide for estimating probable input 

rates for future potential offshore developments in lower Cook Inlet and 

other Alaskan OCS areas. 

VI. STRATEGY AND APPROACH 

Samples of water, suspended matter and plankton were collected in 

Cook Inlet in May 1978. Samples collected at two time series stations in 

lower Cook Inlet (Kachemak Bay and Redoubt Bay) and in the of pro-

duction platforms in the upper inlet. Analysis of the water from these 

stations has shown undetectably low amounts of hydrocarbons in lower Cook 

Inlet and very low but distinct petroleum hydrocarbon concentrations around 

the production platforms of the upper inlet. An additional time series inves

tigation will be conducted in August 1978; however, based on the data presently 

in hand, it does not appear that the time series approach will be effective in 

providing information about the dispersion of petroleum hydrocarbons from upper 

inlet production activities. Therefore, we propose a modified sampling approach 

for 1979. 

We will collect water, suspended matter and plankton on transects running 

away from upper Cook Inlet production platforms. These transects will be 

taken with the tidal current. That is, on the ebb a transect toward the lower 

inlet would be run, while on the flood a.transect toward Anchorage would be 

run. accurate notation of sampling times and with knowledge of the 

tabulated tidal current data it should be possible to estimate the elapsed 

time since the water sampled passed a platform. To investigate the potential 

accumulation of petroleum hydrocarbons on biota of the area, intertidal biota 

for hydrocarbon analysis will be collected from Bay. 
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Technical management will be provided by the Principal Investigator. 

Fiscal and data management will be provided by the University of Alaska OCS 

Coordination Office. Management of this project will be a relatively straight

forward matter. All of the personnel have experience doing OCSEAP funded work 

in Cook Inlet. 

Sampling and analytical methodology for this project will be the same 

as presently in use by RU 275. This includes solvent extraction of heavy 

hydrocarbons from environmental samples, column chromatography clean-up and 

analysis by gas chromatography and chromatography-mass spectrometry. In the 

field replicate water will be collected to assess sampling variability. 

Intra-laboratory separation and recovery precision will be determined using a 

hydrocarbon mixture of known composition. Inter-laboratory comparability will 

be determined by the analysis of a reference sediment supplied by OCSEAP. 

VII. DELIVERABLE PRODUCTS 

A. Digital Data 

Data~produced by this project will be submitted to OCSEAP in NODC format 

044. In addition data previously collected by RU 275 which is judged to 

be of sufficient quality will be submitted in the same format. This pro

ject will make the appropriate data available to the University of Alaska 

OCS Coordination Office whose responsibility it will be to digitize the 

data and forward it to OCSEAP. 

B. Narrative Report including Visual Data 

This project will result in a narrative report including a discussion of 

objectives, methods, and techniques used in sampling, sample preparation, 

storage and analysis. Discussion of the data and results will include 

appropriate graphic and tabular presentations. All hard copies of chroma

tograms and spectra will be archived. 
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VIII. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLAN 

We will implement a voucher specimen plan when such is agreed upon 

by OCSEAP and the University of Alaska OCS Coordination Office. 

IX. LOGISTIC REQUIREMENTS 

See attached. 

X. ANTICIPATED PROBLEMS 

In the event that adverse conditions or other failures prevent field 

collections, analytical efforts will be directed to analysis of archived 

samples with the objective of using present techniques on duplicate samples 

collected early in the OCSEAP and NEGOA programs. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

Coordinated sampling and sharing of results will be required from 

RU's 480, 152, 153, 029, 190, 557, 417, 425 and 500. The necessary inter

change will be facilitated through informal contacts and OCSEAP Review, 

Planning and Synthesis Meetings. 

XII. MILESTONE CHART 

See attached. 

XIII. OUTLOOK 

The successful accomplishment of this project will largely complete 

the task of providi~g reconnaissance hydrocarbon data for the Alaskan OCS 

areas with petroleum potential. However, t>vo significant data gaps will 
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still remain: the water column of the Bering Sea and the nearshore water 

column of the Beaufort Sea. In order to obtain these two kinds of data 

in FY80 approximately 2 weeks of non-exclusive ship time in the Bering and 

Beaufort Seas and $50,000 would be required. 

XIV. CONTRACTUAL STATEMENTS: 

A. A schedule for data submission for each task order has been, and 
will continue to be, submitted and updated each quarter. 

B. This statement is in accordance with our base contract, and we will 
continue to comply. 

C. See Section VIII of this proposal. The University of Alaska will 
continue to negotiate a Voucher Specimen Policy with NOAA/OCS. 
We will comply with the then-agreed-to policy. 

D. See Section VI of this proposal. The University of Alaska agrees 
that the Principal Investigators can travel to the Project Office 
at least twice during the contract year, provided that such travel 
is in accordance with University of Alaska travel policy and con
sistent with other University duties of the Principal Investigator. 
Funds for travel labeled "Administrative Travel" have been allo
cated in previous funding cycles for R.U. 350. We believe suf
{icient funds remain for this FY. 

E. Data will be provided in the form and format agreed to by the 
University and NOAA/OCS in the negotiating of the Data Manage
ment Plans. Digital data will be accompanied by the D.D.F. 
{NOAA Form 24-13). 

F. As per Article 9 of the base contract, the University of Alaska 
agrees to the following: " ••• all archivable data is to be sub
mitted to the contractor to the Contract Data Manager within 
120 days after acquisition. Certain data sets such as plankton 
counts or volume are not available until sorting of samples is 
complete. The data so obtained are archivable 120 days following 
the actual sorting or other laboratory procedure." NODC Taxonomic 
Code will be used where appropriate for FY79 data submission. 

G. Within ten days of the completion of a cruise or data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23) will 
be submitted to the Project Data Manager by the Chief Scientist. 

H. As per the contract, the University of Alaska will maintain a 
property inventory including all information required by form 
CD-281 for all non-expendable equipment purchased with funds 
allocated under this contract. Furthermore, we will comply with 
the quarterly reporting of said inventory. 
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I. Three copies of all publications or presentation abstracts or 
manuscripts pertaining to technical or scientific material 
developed under OCSEAP funding will be submitted to the COTR 
prior to publication or presen~ation. Copies of all news 
releases mentioning OCS or using information gathered by OCS 
funding will be sent to the COTR. When made available, during 
the lifetime of the appropriate task order, five reprints will 
be sent to the Project Office. 

J. The following acknowledgment of sponsorship is standard: 

"This study was supported under contract 03-5-022-56 
between the University of Alaska and NOAA, Department 
of Commerce, through the Outer Contintental Shelf 
Environmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Department 
of the Interior. 11 

· 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

Hydrocarbons in 
water and biota 

Media 
(Cards, cod
ing sheets, 
tapes, disks) 

Tape 

DIGITAL DATA PRODUCTS SCHEDULE 

Estimated 
Volume 
(Volume of 
processed data) '' 

FY79-40 

OCSEAP 
Format 
(if known) 

044 

Collection 
Period Submission 

Processing and 
Formating done 
by Project 
(Yes or No) (Month/Year to Mo,nth/Year) (Month/Year) 

Done by 
University of 
Alaska OCS 
Coordination 
Office 

See note below 

NOTE: R.U. 275 and R.U. 350 are presently working to identify prior data for formating in 044 and making sure that 044 is 
workable with existing data. Until this identification and de-bugging process is complete a firm data submission 
schedule cannot be given. 



LOGISTICS HEQUmEt·IENTS 

Please fill in all cpnccs or indicate not applicable (N/A). Usc additional 
sheetG as ncccs~ary. Budcct line items concerning locistics should be keyed 
to the relevant item described on these forms. 

Institute of Marine Science 
INSTITUTION University of Alaska PRH>CIPAL INVESTIGATOR _D_. _G_._s_h_a_w _____ _ 

A. SIIIP SUPI'ORT 

1. Delineate proposed tracks and/or sawpling grids, by leg, on a chart of the area. 
Include a list of proposed station geographic positions. 
Upper and lower Cook Inlet 

2. Describe types of observations to be made on tracks and/or at each grid station. 
Include a description of shipboard sampling operations. Be as specific and com-
prehensive as possible. · 
Water samples, net tows, small boat operations 

3. What is the optimum time chronology of observations on a leg and seasonal basis 
and t.;rhat is the ma}:imum allmvable departure from these optimum times? (Key to 
chart prepared under Item 1 \vhen necessary for clarification.) 

Optimum Mid-May Allowable Departure: 3 Weeks 

4. How many sea days are required for each leg? (Assu~e vessel cruising speed of 
14 knots for NOili\ vessels. Do not include running time from port to beginning 
~oint arid from end point to port and do not include a weather factor.) 

10 Days 

5. Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback .or could you piggyback? Can piggyback 

Approximately how many vessel houri per day will be required for your observ3tions 
and must these hours be during daylight? Include an estimate of sampling-ti~e on 
station and sample processing time bet~cen stations. 

4 hrs/day sampling 10 hrs for sample processing 

6. Hhat equipment and personnel t•ould you expect the· ship to provide? 

Winch and operator 

7. \~hat is th~ .:1pproximat:e Height and volu<:!e of equip!:!ent you Hill bring? 

8. 

300 pounds 20 cubic feet 

Hill Y')ur cl:tta or cquip:..:L'nt require ~;pccial handling? 
d.~!>ct:ihc. 
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9. Will your require any gases and/or chemicals? 
board the ship prior to departure from Seattle or 
barge. 

If yes, they should be on 
allowed for shipment by 

10. Do you have a ship preference, either NOAA or non-NOAA? If "yes", please name the 
vessel and give the reason for so specifying. 

Require a research vessel which can operate in Upper Inlet 

11. If you recommend the use of a non-NOAA vessel, what is the per sea day charter 
cost and have your verified its availability? 

12. How many people must you have on board for each leg? Include a list of partici
pants, specifically identifying any who are foreign nationals. 

2 
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MILESTONE CHART 
0 - Planned Completion Date 
X - Actual Completion Date 

R.u. u __ ~z~sL------------------- P.I. __ ~D~·~G~·-S~h~a~~---------------

Major Milestones: Reporting, .data management and other significant contractual 
requirements; periods of field ~rk; ~orkshops; etc. 

MAJOR MILESTONES 1978 
0 N to J F M A 

F ield work (Cook Inlet) 

An alysis 

Qu arterly Repor~ _Q_ 0 

An nual Report 0 

D ata Submission 0 0 

., 

1979 
M J J A s 

0 

0 . 

0 0 

0 0 

0 N D 

... 



Date: December 8, 1978 
·Contract: 03-5-022-56 
·Task Order: #19 
R. U.: i/289 
Proposal No.: OCS 79-8 modified 

Amended. 

Renewal Proposal Amendment 
FY 1979 

National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental Assessmen.t Program 

Boulder, Colorado 80302 
.Juneau Project Office 

CIRCULATION AND WATER MASSES IN THE~ULF OF ALASKA 

T. Royer, Principal 
University of Alaska 
Fairbanks, Alaska 99701 
(907) 479-7835 

A.~ 
Administrative Services 
University of Alaska 
Fairbanks, Alaska 99701 
(907) 479-7340 

Research Unit: 
Total Cost: 

Lease Areas: 

/1289 
$101,948 
Aleutians 10% 
Kodiak 10% 
Cook Inlet 10% 
NEGOA 70% 

Institute of Marine Science 
University of Alaska 

Fairbanks, Alaska 99701 

oore, Dir 
Institute of Mar Science 
University of Alaska 99701 
Fairbanks, Alaska 99701 
(907) 479-7531 
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The following amendments and corrections are to be made a part of the FY79 
renewal proposal as submitted on November 6, 1978, for R. U. 289, contract 
03-5-022-56. 

Page 6. III. Strategy and Approach, add the following: 

While the primary work of this research unit this year is analysis and 
synthesis, it is believed that a modest field effort, utilizing funds from 
the previous funding cycle, would enhance this analysis. The field work 
would monitor for changes in the circulation on the shelf and the Alaska 
current and better define the exchanges between Prince William Sound and 
the adjacent shelf. 

Page 7. Add the following to the second paragraph: 

At least nine {9) transects have been made through this region with the eddy 
being present .in all transects. In addition, at least three (3) detailed 
STD grids have been taken in the region. The latest grids were taken in 
early August and late September coincident with the period of highest runoff 
and precipitation. Satellite tracked drifter data and three current meter 
moorings have been made within the region. Analysis of these data plus the 
employment of the diagnostic model from R •. U. 140 will be carried out and 
improve our knowledge of the mechanisms governing the circulation here. 

Replace X. Anticipated Problems, page 15, with the following: 

X. Anticipated Problems. 

The new task of managing the physical oceanography synthesis for NEGOA 
is a primary obligation of this research unit. This requirement plus the 
analysis of the existing data for its inclusion into the synthesis constitutes 
nearly all of the effort displayed in the FY79 budget. The field program 
outlined in this proposal will be primarily accomplished using resources 
carried forward from the previous OCSEAP contract. (A portion of these 
resources are available from the Principal Investigator's 1977-78 sabbatical 
leave where a major portion of his salary came from other sources while 
analysis was being carried out on OCSEAP data.) Therefore, the field program 
will not use funds allocated for this year's anaiysis and synthesis. If the 
field program is curtailed due to weather or ship scheduling problems, the 
effort would be diverted to data analysis. 

Contingency Plan 

If adverse field conditions do not allow the collection of samples, 
alternate stations in semi-sheltered areas can be occupied. There are also 
stations where short-term time series would be of great value such as in 
Hinchinbrook Entrance and the mouth of Resurrection Bay (Station 1). If 
field data for FY79 were not obtained at all (an extremely unl·ikely circum
stance), then our efforts would be devoted to the analysis previously acquired 
data for the region. 

The active participation of the other OCSEAP Principal ~nvestigator's 
in the synthesis is essential for its success. Some reservations exist 
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The following amendments and corrections are to be made a part of the FY79 
renewal proposal as submitted on November 6, 1978, for R. U. 289, contract 
03-5-022-56. 

Page 6. III. Strategy and Approach, add the following: 

While the primary work of this research unit this year is analysis and 
synthesis, it is believed that a modest field effort, utilizing funds from 
the previous funding cycle, would enhance this analysis. The field work 
would monitor for changes in the circulation on the 'shelf and the Alaska 
current and better define the exchanges between Prince William Sound and 
the adjacent shelf. 

7. Add the following to the second paragraph: 

At least nine (9) transects have been made through this region with the eddy 
being present in all transects. In addition, at least three (3) detailed 
STD grids have been taken in the region. The latest grids were taken in 
early August and late September coincident with the period of highest runoff 
and precipitation. Satellite tracked drifter data and three current meter 
moorings have been made within the region. Analysis of these data plus the 
employment of the diagnostic model from R. u.· 140 will be carried out and 
improve our knowledge of the mechanisms governing the circulation here. 

Replace X. Anticipated Problems, page 15, with the following: 

X. Anticipated Problems. 

The new task of managing the physical oceanography synthesis for NEGOA 
is a primary obligation of this research unit. This requirement plus the 
analysis of the existing data for its inclusion into the synthesis constitutes 
nearly all of the effort displayed in the FY79 budget. The field program 
outlined in this proposal w.ill be primarily accomplished using resources 
carried forward from the previous OCSEAP contract. (A portion of these 
resources are available from the Principal Investigator's 1977-78 sabbatical 
leave where a major portion of his salary came from other sources while 
a~alysis was being carried out on OCSEAP data.) Therefore, the field program 
w1ll not use funds allocated for this year's analysis and synthesis. If the 
field program is curtailed due to weather or ship scheduling problems, the 
effort would be diverted to data analysis. 

Contingency Plan 

If adverse field conditions do not allow tbe collection of samples, 
alternate stations in semi-sheltered areas can be occupied. There are also 
stations where short-term time series would be of great value such as in 
Hinchinbrook Entrance and the mouth of Resurrection Bay (Station 1). If 
field data for FY79 were not obtained at all (an extremely unlikely circum
stance), then our efforts would be devoted to the analysis previously acquired 
data for the region. · 

The active participati.on of the other OCSEAP Principal ;I:nvestigator 1 s 
in the synthesis is essential for its success. Some reservations exist 
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concerning the ability of this principal investigator to hold the others to 
schedules. The other PI's must also be active in analysis along with 

synthesis. 

Add the following under section Logistics Requirements starting on 

page 22: 

IX. Logistics Requirements. 

Seven-day cruises are requested for February, May and September. The 
ship or ships used must be able to deploy and recover current meter arrays 
and carry out hydrographic surveys. The hydrographic work and current meter 
recovery will take place on each cruise with deployments only in February 
and May. Of the three ships apparently available, DISCOVERER, SURVEYOR, and 
ACONA only the DISCOVERER is capable of carrying out all segments of this work 
in th~ seasons requested. The SURVEYOR does not have the deck space required 
for current meter array deployments using our methods. It is able to recover 
them, however. The ACONA cannot carry out hydrographic operations in moderate 
seas and is therefore unsuitable for the February survey work. It is suggested 
that the ACONA be used for the current meter work in February with the hydro
graphic survey being carried out by the SURVEYOR, since, apparently, the 
DISCOVERER is not available. Either the DISCOVERER or ACONA could be used for 
all the operations in May and September, and the SURVEYOR is suitable for all 
operations in September. 

These current meter moorings are a continuation of present moorings. They 
do not require addition.al meters and are being accomplished using funds from 
the previous OCSEAP carry forward also. 
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TECHNICAL PROPOSAL 

I. Title: Shallow faulting, oottom instability, and movement of sediments 
in lower Cook Inlet and western Gulf of Alaska 

Research Unit Number: 327 

Proposed Dates of Contract: October l, 1978 September 30, 1979 

II . Principal Investigators: 

Monty A. Hampton and Arnold H. Bouma 

III. Cost of Proposal: 

A. Science . 

B. PI . I provided logistics 

c. Total .... 

D. Distribution of effort by lease Area: 

IV. Background: 

34% lower Cook Inlet 
66% Kodiak shelf 

$120,000 

(see ship budget) 

$120,000 

Our work conducted during 1976, 1977 and the first three quarters 
of 1978 clearly shows the presence of a number of geologic features that 
can pose serious hazards to offshore development. The baseline study 
approach conducted in 1976 showed that in order to establish if such 
features can pose a hazard we have to study dynamics and processes. The 
following topics will be investigated: 

Lower Cook Inlet 

Mobility of large bedforms (sand waves and dunes) can pose a serious 
threat to large and small offshore installations. Change may take place over 
a number of years, or can be very rapid as in response to a single storm, 
hurricance or tsunami. The lateral shifting of sand in configurations such as 
subaquous sand waves, sand dunes, and sand ridges with heights of several meters, 
can threaten semi-submersible rigs, anchors, pilings, and pipe lines. It can 
influence the lateral capacity on an underwater structure (Palmer, 1969) . It 
can cause scouring in two different modes around a group of pilings. One mode 
is a conical hole around each piling that penetrates the sediment, the other 
mode is a general lowering of the oottom under the whole structure tapering off 
at zero at a considerable lateral distance. The reasons for the fonning of one 
mode versus the other is still not understood (Posey, 1971) . The second· type 
is less common but its effects are more serious. 
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An artificial structure can influence the local bottom current to a large 
degree. Wilson and Abel (1973) conducted experiments about the effect of scour 
created by 80-ft diameter pontoons of a semi-submersible drilling rig to be 
placed in water 90 feet deep on the Nova Scotia shelf with tidal currents reaching 
a maximum velocity of about l. 5 knots. They concluded that erosion would occur 
under and around the pontoons, which in turn wuld cause adverse settlement 
of the rig even at current velocities as low as 0.43 knots. 

Flutter of pipelines can occur in areas where sand is moving causing parts 
of a pipeline to becane suspended. Flutter is a phenanenon that occurs when the 
frequency of vortices shedding in the wake of a stationary long slender object 
in a moving current approaches the natural frequency of the cylindrical object, 
or abOut half of that when couplings are involved. The shedding of vortices 
must occur in a regular frequency on alternate sides of the body in order to 
establish alternating forces that induce motion at right angles to the current 
direction (Goepfert, 1969). The phenanenon of flutter has been described from 
upper Cook Inlet, Alaska (Goepfert, 1969), and from the North Sea. 

We establish that sand waves, dunes, ridges, and ribbons are the most 
cannon bedforms in this area, covering a major part of the lease sale areas. 
Bottom television observations show that sand is moving in pulsating sheetflows 
over the crests of 6-10 m high bedforms with velocities of 25-30 cmjsec. Studies 
on the vertical distribution of drill cuttings, released by the OCEAN RANGER 
(C.O.S.T. well #l) during a period of 100 days in the summer of 1977, show that 
at least 14 em of sand is in motion. However, the size of the bedforms (wave 
length 400-1000 m, wave height 4-10 m) is such that it takes many years to 
establish migration with the 10-20 m inaccuracies in positioning from the Mini
Ranger navigation system. 

So far we have limited infonnation about the current directions and velocities 
in lower Cook Inlet, especially near the bottom. Sun::mer 1978 observations 
revealed that sand transport took place only during the last few hours of ebb 
and flood tide, and only during spring tide. Vertical current profiles showed 
an eliptical distribution of current directions in the upper water during a 
tidal cycle. However, near the bottom a trimodal system is operationally, more 
or less similar as observed at the C.O.S.T. well site by Dames and Moore. It 
is likely, however, that winter stonns have a significant influence. 

Kodiak shelf 

Geo-environmental surveys of the Kodiak shelf have been conducted during the 
sumners of 1976, 1977 and 1978 aboard the R/V SEA SOUNDER. Over 6500 km of 
seismic-reflection and bathymetric profiling lines including 160 kj sparker, 
minisparker, uniboom, 3.5 kHz, and 12kHz have been run, and 188 bottom samples 
(piston core, gravity core, hydroplastic core, grab sample) have been taken. 
Limited visual-format observations have been made using underwater TV, side
scanning sonar, and bottom cameras. Prior to our work, very little geologic data 
had been gathered on the Kodiak shelf. The 1976 cruise was of a reconnaissance 
nature, with the objective of defining the general geo-environmental setting and 
identifying and geologic hazards of concern to resource development. The 1977 
and 1978 cruises were directed toward a detailed study of certian environmentally 
critical areas identified in 1976. 
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The principal geo-environmental concerns on the Kodiak shelf are related 
to sed~nt distribution and movement, and to the structural-tectonic setting. 
Shelf sed~nts are distributed in relation to physiography. Much of Albatross 
and Portlock Banks are covered with a thin veneer of coarse-grained sediments, 
generally sparse in clay sizes and locally containing abundant shells. The 
veneer is absent over large areas yielding exposures of semi-lithified to 

o, lithified siltstones, silty sandstones, and pebbly mudstones. Within broad, 
shallow depressions on the banks, the coarse debris is covered with a few em of 
fine-grained sediment that is rich in volcanic ash. The banks appear to be 
formed of relatively stable foundation material, but the actual behavior during 
cyclic or static loading is unknown. 

Kiliuda, Chiniak, and Amatuli Troughs contain surficial layers of fine
grained sediment up to 20 m thick. Surface samples are composed almost entirely 
of volcanic ash fran the 1912 eruption of Katmai volcano. These troughs appear 
to be quiet areas of sed~ntation, receiving fine-grained material winnowed 
from the adjacent banks. They are likely to act as long term storage sites for 
pollutants that reach the sea floor of the Kodiak shelf. The ash-rich sediment 
is weak, but its geotechnical properties and engineering behavior have not been 
studied in detail. 

Stevenson Trough, which may connect with tidally danin~ted Cook Inlet to 
the north, contains relatively well sorted sand that has been molded into 
seaward-facing sand waves in one locality within the trough and has been spread 
onto the adjacent continental slope. A relatively high-energy bottom current 
regime in Stevenson Trough transports sed~nt seaward past the shelf break 
to deeper parts of the ocean floor. Pollutants carried into the trough can be 
expected to experience a similar fate. Scour of sediment, due to movement by 
high-energy bottom currents may affect structures located in the trough . 

. Transport of bottom sediment across the- shelf break appears to be localized 
and does not occur in areas where physiographic barriers exist. Kiliuda and 
Chiniak Troughs, for example, have well defined sills near the shelf break that 
distinctly separate the ash-rich sediment within the troughs from fine-grained, 
ash-poor sediment on the adjacent ~pper continental slope. Although Stevenson 
Trough also has a sill, it is breached in a few places, and these breaches appear 
to be avenues of transpprt for sand into deeper waters. 

Shoaling of the sea floor due to tectonic action has occurred near the 
~helf break on many parts of the banks, commonly with a broad depression on 
the landward side. Preliminary data fran sediment samples indicate that 
transfer of bottom sediments from the shelf to the continental slope may be 
restricted to areas where an effective barrier has not been produced by shoaling. 
Transfer of shelf pollutants to deeper parts of the sea floor might also be 
localized due to this physiographic control on sediment dispersal. More 
seismic-reflection profiling, sediment sampling, and circulation data are needed 
to adequately describe the shelf-break dispersal patterns. 

Numerous submarine slides, some being greater than 60 km
2 in area and 

300 m thick, have been discovered on the upper continental slope off the 
Kodiak shelf and pose a hazard to structures close to the shelf break and also 
as development moves seaward of the continental shelf. The slides appear to 
occur in response to tectonically related fault movement, slope steepening; and 
seismic accelerations. The geotechnical properties of these sediments, and 
those of the adjacent continental shelf where no significant sliding has been 
identified, require study to properly predict their engineering behavior. 
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The Kodiak shelf is located within one of· the world's most seismically 
active regions and is affected by earthquakes of greater than magnitude 8.0. 
Shallow faults,several offsetting the sea floor and therefore likely to be 
active, occur across the shelf, especially in a zone directly offshore of the 
Pacific coast of Kodiak and adjacent islands. Hazards related to seisnic 
activity and faulting, all documented to have occurred on or adjacent to the 
Kodiak shelf, include strong-motion ground shaking, fault rupture, sediment 
displacement, tectonic deformation of the sea floor, and tsunamis. 

V. Objectives : 

Lower Cook Inlet 

The objectives of our geologic environmental studies in lower Cook Inlet 
are to characterize the various geologic features that may pose hazardous 
conditions, to generally outline their locations, and to attempt to delineate 
the degree they may influence any of the phases of industrial activity. 

Seisnicity is high in the area, but it is unlikely that accelerations cause 
local sediment instability, except along coastlines. General warping and 
forming of faults may occur but cannot be predicted. Slumps may form locally 
on steep slopes, but nowhere in the lease area is sufficient unconsolidated 
material to form more than thin sheetslides. Liquefaction may occur, but the 
thinness of the local sand cover likely will not cause any significant result. 

Volcanism may pose a hazard and is studied by Kienle. 

No faults of any size have been observed cutting through the present sea 
bottom. Assuming insignificant changes of the sediment-water interface during 
the last couple thousand years, the probability is high that little or nothing 
will happen during the next half century. 

The major feature that can cause problems is the unconsolidated sand, forming 
a blanket over more indurated pebbly muds. The blanket is modified into a 
number of bedform types ranging in height from a few centimeters up to 12 m. 
Sand motion now becomes the prime object of study and we will attempt to evaluate 
the importance of migration of different types and sizes of bedforms. The 
larger the bedform the more material has to be moved before migration can be 
detected. 

A selected number of lines run by industry in 1973 and 1974 have been 
resurveyed in 1977 and 1978. Comparison studies have been started. Unless 
abnormal weather conditions do occur prior to the summer of 1979 no fUrther field
work on this aspect is planned. It may take tens o·f years between surveys before 
conclusive evidence can be obtained. 

A combination of high resolution seismic profiling, side scan sonar, and 
stations will provide sufficient detail to study relationship of types and sizes 
of bedforms, directions of crests, and asymmetry. Vertical current measurements 
and GEOPROBE data may provide the information needed to produce predictive models. 
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Additional samples collected by us, other NOAA contractors, and industry 
should provide an adequate distribution of sample locations to construct a 
sediment distribution map. All samples will lJe analyzed via the smear-slide 
method providing sand-silt-clay ratios. A selected number of samples will be 
analyzed in detail to provide grain size analyses and grain size parameters, as 
well as to calibrate the smear slidF!S. Sand-silt-clay rations, however, are 
more important to biologists and most other investigators than accurate size 
analyses they are not used to do work with. During the 1979 season we plan to 
collect samples for such a map at locations necessary to avoid serious gaps in 
the final product. 

A possibility exists to utilize the rotating side scan developed in our 
branch by Dave Rubin and Dave McCulloch. 'I'he instrurrent makes a 360° scan fran 
a fixed bottan-positioned frame. It is presently used in San Francisco Bay 
with an electrical cable going to the shore to the recorder. We should deploy 
it fran a semi-submersible away fran the influence area with a request to the 
canpany to make a scan a few times a week. If we are able to leave the instru
ment in for a number of months it will provide data on migration of bedforms. 
We have been in contact with Phillips Petroleum but no final answer has been 
obtained yet. They had problEmS with shipping anchors in the unconsolidated 
sands and are too busy to study our proposal. 

Kodiak Shelf 

Work on Kodiak shelf in 1979 will have two main objectives: 1) extend the 
areal coverage southv.rest of Kodiak Island to the boundary of the lease-sale area, 
near Chirikof Island and 2) study gas-charged sediments. 

Only minimal coverage has been obtained in the area between Kodiak and 
Chirikof Island. · A high-resolution profiling grid with trackline spacing of 
9 miles and orthogonal tie lines at 12 miles will be run. Approximately 30 
sediment samples will be collected, at trackline crosspoints and at environmentally 
critically locations. Additional side-scanning sonar profiling and bottan 
camera work will be done if deemed necessary fran shipboard analysis of data. 

Gas-charged sediment was recovered in cores at four stations in 1978. 
Evidence for extensive occurrence of gas charging, in the form of acoustic 
ananalies, has been found in seismic reflection records. Vibracores fran the 
acoustically anomalous unit will be collected to determine sediment properties 
(e.g. , gas and organic carbon content, geotechnical index properties) . We plan 
to occupy about 15 stations for coring. Addi tiomtl seismic surveying, over 
about 100-200 miles of trackline, will be run to help determine the extent of the 
ananalous units and the relation with other seismic-stratigraphic units. The 
areas to be studied are in Kiluda and Chiniak Troughs and on southern and 
middle Albatross Banks. 

Although the full hazard potential of gas-charged sediment has yet to be 
determined, slope instability (Whelan et al. , 1976) and weak sediments (Nelson 
et al., 1978) have been found to be associated with than. Our work on the 
Kodiak self will be to identify areas of gas~charged sediment and determine if 
potential hazards exist. Process studies are necessary for adequate environ
mental assessment. 
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A prelnninary attempt was made in 1978 to determine the recency of fault 
movement on the Kodiak shelf by doing detailed high-resolution and side-scanning 
sonar surveying over a fault that is known to offset the sea floor. These data 
were to provide guidance for subsequent bottan TV /camera work and sampling. 
No distinctive features were detected on the side-scan records to guide camera 
and sampling efforts. This, coupled with a tight cruise schedule, forced us to 
discontinue this study. As a second-order priority i tern, it will be resumed 
in 1979. 

Shelikof Strait 

If time and funds will be made available we will conduct a reconnaissance 
survey, consisting of about 800 miles of trackline (sparker, uniboan, 3 . 5 kHz, 
12 kHz) and 20-25 sampling stations. The reason for this reconnaissance is that 
this area has been included in the upcoming sale #60. 

VI. Strategy and approach: 

A. Sampling methods: 

The sampling and data-collection schemes are described for lower Cook 
Inlet and Kodiak Shelf in section V. State-of-the-art high-resolution 
geophysical equipnent (160 KJ sparker, uniboan, mini -sparker, 3. 5 kHz, side
scanning sonar), bottom samplers (gravity and vibra-cores, grab samplers), 
visual format instrumentation (underwater TV and 70 rrm camera), and 

•navigation (integrated Mini-Ranger - satellite - Loran C) will be used. 

Sample and trackline spacings on the order of 5-10 miles have proven 
adequate to construct general sednnent distribution and structure maps. 
Samples gathered within one mile of each other, within a single sedimentary 
province, have shown differences that are insibT,ificant compared to differences 
between provinces. Where detailed studies are conducted, as across small 
bedform fields for example, sample and trackline spacings will be as close 
as a few hundred meters to detect local variability. 

B. Analytical methods: 

The geophysical records will be analyzed by standard methods, whereby 
slumps and shallow faults are identified by discontinuity of reflectors and 
by geometry, and seismic stratigraphic units are correlated by their continuity 
and seisnic reflection signature. The sediment cores and samples will be 
studied megascopically in order to classify sedimentary units and to gather 
data for deciphering dispersal patterns. Cores will be X-radiographed for 
study of internal structures that provide implications as to depositional 
mechanics and post-depositional disturbance. 

Where possible a first overview and selection of grain sizes will be 
made using smear slides. C.alibration as well as additional textural measm·e
ments will be made in the shore-based laboratory with sieves, settling tube, 
and hydro:Photometer. Results will generally be presented in terms of clay
silt-sand-coarser-than-sand ratios, which adequate for general environmental 
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and engineering assessnent. More precise size distributions, at 1/2-9 
intervals, will be provided for sane areas of detailed investigation, as 
applies to the sand-wave study, for example. 

VII. Deliverable Products: 

A. Digital Data: grain size analysis data as available fran the USGS data 
processing facility (Graig McHendrie) according to the attached data 
products schedule. 

B. Narrative Reports: reports describing survey and sampling techniques, 
analytical and interpretative methods, and stmnarizing the nature and 
severity of actual and potential sea floor hazards in lower Cook Inlet 
and on the Kodiak shelf. If proper we will furnish reccmnendations on 
approaches to minimize environmental hazards to development. These 
reports will be in the form of U.S. Geological Open-file Reports, oral 
presentations at scientific meetings with their submitted abstracts, 
scientific journals, and CJC8EAP Quarterly and Annual Reports. 

C. Visual data: maps (conforming to CJC8EAP requiranents of scale and 
projection) displaying tracklines, stations, shallow structures (faults 
and folds) , sediment distribution, bedfonns, and extent of gas-charged 
sediment. A surficial geologic map of the Kodiak shelf is currently 
being prepared at the USGS Conservation Division office in Anchorage, 
to be released as an Qpen-file Report. We do not plan .to duplicate this 
effort. 

D. Other non-digital data: microfilm of seisnic-reflection records and 
navigation records. Navigational accuracy will be reported in tenns 
of average and standard deviations of cross-track, along-track, and 
radial components of satellite updates to DRC positions. 

E. Data Suhnission Schedule: a cruise report dealing with cruise data, 
scientific crew, cruise tracks, stations, and a description of all tasks 
accomplished will be submitted within four weeks after termination of 
the cruise. 

VIII. Special Sample and Voucher Specimen Archival Plans: 

All samples collected will be analysed but a representative portion 
(half core) will be stored as an archive sample in a refrigerated core 
storage in our building. Bulk samples will be stored refrigerated or non
refrigerated, depending on the nature of the sample and consequently the 
importance to maintain its natural moisture. Sands and gravels will be 
stored in a dry storage area. 

IX. Iogistics: Requiranents: 

Sh~p support and other logistic requiranents will be provide by the 
USGS. See ship budget. 
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X. Anticipated problems: 

The only significant probl~ we have encountered in the past is adverse 
weather, which has hampered, but not, canpletely prevented, our work at sea. 
In the event of poor weather, we typically cease on-deck operations such 
as coring and attempt .to do seismic-profiling work. If weather is too poor 
even for profiling, we head for shelter and wait for clearing. If for 
some reason we were totally prevented from accanplishing our objectives, 
the obvious alternative would tJe to .wOrk with records and sarrples gathered 
previously. Doing this, we might gain. more insight into problems that have 
been exploring in past years, but would not be. able to delve deeply into 
the plans outlined here. 

Xl. Information Required Frqn other Investigations: 

XII. 

XIII. 

Physical oceanographic, seismic, , volcanic, and biologic information 
collected by other <x:sEAP investigators is necessary. We have kept in 
contact with these investigators in the past and plan to continue in the 

. future. , 

Activity/milestone Chart: 'See attachn~nt 

Outlook: 

Ca:npletion of our work~proposed for 1979 shou:ld provide adequate 
. information for a general, geo-:envirornnental assessnent of. :lower Cbok Inlet 
and the Kodiak shelf, meaning t~t the surface and shallow subsurface geology 
have been. described and. that. potentially .hazardous features have been 

. identified and mapped. · ; However, we feel that process studies are necessary 
for in-depth understanding and perhaps quantification of the hazard potential 
of the features we are encountering. We are carrying on some process
oriented studies ·presently, such as ·our studies of bedform dynmnics in 
.lower Cook Inlet, but long-term efforts are needed. These studies need not 
l;>e area-specific. They have application to many OCS areas. and should be 
studiedwhere optimum conditions exist. 

Examples of process studies required for thorough gee-environmental 
understanding of lower Cook Inlet include : · . resurveying of selected. 
lines, use of rotating side scan sonar, coring for study of distribution 
of-drill cuttings, and vibra coring to study internal structures of bedforms. 
On the Kodiak shelf, geotechnical studies of the fine-grained, ash-rich 
.sediments are necessary.to define the foundation properties of this unusual 
material.. Geotechnial studies of the unstable upper continental slope 
sediments are also needed if developnent proceeds into these areas. Geo
chEmical, geotechnical, and geological studies of gas-charged sediments 
are required to define methods of identifying areas where bubble-phase gas 
is present , its origin, and its engineering significance. Gas-charged 
sediments have also been identified in the northeastern Gulf of Alaska and 
in the northern Bering Sea. 
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Evidence exists that the Kodiak shelf is structurally seg'!Iiented, with 
two relatively highly defonred areas in the vicinity of southern-middle 

·Albatross Bank and Portlock Bank;. respectively, and a relatively moderately 
deformed area around middle Albatross Bank (Hanlpton and Bouma, 1977). 
Sediment dispersal has been shown to be affected by the structuers on the 
shelf (Hanlpton and Bol:lllla,. 1978) ; and very ··likely the seismic and tectonic 
activity varies amohg the three segments. For exampl~; the highly deformed 

·areas might experience higher seismicity and more severe tectonic deformation 
faulting, shaking, etc. The nature of the structural segmentation should 

· be understood and its environmental significance. · 

XIV. Standard Statanents: 

A. Updated milestone charts will bE;l subnitted quarterly. A schedule for 
processing and analysis of past· year's data will be subni ited to the 
Project Office upon request. · 

·B. Quarterly reports will be subnitted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the: first day of 
January, July, and October. Annual :!;reports are due by April 1. The 
Final Report will be subnitted Within 90 ·days of the expiration of 
the contract. · 

C. At the option of OCSEAP, the PI is prepared t9 travel· tq the Project 
Office· at least tWice- during the contra~t year to review ·project status 
and progress;· ·Such reviews will be scheduled ·on dates mutually satis-

. factory to both parties. In addition, the PI niay be· requested to 
participate in prcigram review or synthesis meetings as required.· It is 
understood that costs of the travel and ·.Per dian for these trips will 
be borne by OCSEAP •. · · · 

D. Data. products will be sul::mitted to the Project Data Man3ger in the fonn 
and format specific in Deliverable Products Section VII, A thru E. 
Digital data submissions will be accompanied by a Data Documentation 
Fonn (NOAA Fonn 24-13) . . 

E .. ·Digital Data will be sul::mitted to the Pro.]ect Data Manager within 120 
days of the completion of a cruise or three·month data collection 
period, unless a written waiver has been received fran the Project Office. 

E.· Within 10 days of the canpletion of' a· cruise or any data gathering effort, 
a IDSCDP data collection inventory fonn (NOAA Fonn 24-23) will be 

· subni tted to the Project Data Manager~ 
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G. Title for all property purchased wi. th OCSEAP funds ranains wi. th the 
U.S. Government pending disposition at contract expiration. All new 
equipment purchased will be reported quarterly and inventoried annually. 
The PI will maintain inventories of all expendable and non-expendable 
equipnent purchased with OCSEAP funds. Infonnation will be recorded on 
Fonn CD-281, "Report of Government Property in Possession of Contractor:, 
(copy attached). Updated copies of these inventories will be submitted 
quarterly. · 

H. Three (3) copies of all manuscripts for publication or presentation which 
pertain to technical or scientific material developed under OCSEAP funds, 
will be sul::xnitted to the appropriate Project Office at least sixty (60) days 
prior to release, for information and for forwarding to BLM. The release 
of such material within a period of less than sixty days will be made 
only with prior written consent of the Project Office .. News releases 
will first be cleared with the appropriate Project Office. Five copies . 
of all reprints which pertain to technical or scientific material developed 
under OCSEAP funds will be suhnitted to the appropriate Project Office 
when they became,available. 

I. All publications and presentations of material developed under OCSEAP 
· fuTids will acknowledge BLM/OCSEAP sponsorship. The following acknowledgment 
is standard: 

"This study wa$ supported by the Bureau of Land Management through inter
agency agreement with the National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to needs of petroleum develop
ment of the Alaskan continental shelf is managed by the Outer Continental 
Shelf Environmental Assessnent Program (OCSEAP) Office". 
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Data Type 
(i.e. Intertidal, 
Benthic. Organisms, 
etc.) · 

Grain size 

Seismic· 
profiles 

g; Seienic 
0 profiles 

Gas 
analyses 

ill ow 
st:ructure 
(Kodiak) 

Media 
(Cards' cod
ingsheets, 
tapes, disks) 

tape or 
cards, map 

microfiJm 

microfiJm 

tables, maps 

map 

* Graig McHendrie 

** Tom Chase 

Estimated 
Volume 
(Volume of 
processed dataJ 

50-75 spls 

2000 km 

2000 km 

20-50 spl 

1 

DATA PROOUCI'S SCHEDULE 

OCSEAP 
fonnat 
(If known) 

073 

.. ' 13 

Processing and 
. Formating done 

by Project 
(Yes or NO) 

Yes* 

Yes** 

Yes** 

Yes 

Yes 

Collection 
PeriOd Submission 

(Month/Year to Month/Year) Month/Year 

August·l979 April·l, 1980 

August 1978 Aug~ 1, 1979 

August 1979 Aug. 1, 1980 

August 1979 April 1, 1980 

1976 - 1978 Aug. 1, 1980 



~~---~- ~----- ~------~--~~--~----------------------------------

MILESIONE .CHART 

0 - Planned Completion Date 

X - Actual Completion Date 
(to be used on quarterly updates) 

RU # 327 _..::..:=-:__ __ _ PI: Hampton/Bouma 

Major Milestones: Reporting, and other significant 
contractual requiranents; periods of field work; workshops; etc. 

1978 1979 1980 

MAJOR MilESTONES 0 N D J F M A M J J A s 0 N D J F M A M J 

co 
~ Analyses seismic records 1978 data 0 

Compilation and systheses 1978 data 0 

Collection data and samples 0 

_ .alyses seismic records 1979 data 0 
(Distribution and nnvanent of be&-
fonns, general geology of SW Kodiak 
shelf, gas-charged sediments) 

Analysis of samples 
(grain sizes, canposi tion, gas content) .0 

Compilation and synthesis 1979 data 
(same topics as above - hazard 
assessments) 

Quarterly Reports 0 0 0 0 0 

Annual Report 0 
14 
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental 
Assessment Program 
Bering Sea-Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

RFx41-327-2555 

FEB 2 '11979 

TO Rudolf J. Engelmann, Director 

THRU 

FROM 

OCSEAP - Alaska Program Office, Boulder 

: Kay J,entsch, Contract's 
OCS¥-t - ~ska Prog:_::.tp Office,_ 

Herl(i;Jt~~~nager 
OCSEAP - Juneau Project Office 

Boulder 

SUBJ OCSEAP Research Unit 327. 

REFS (1) Juneau Project Office Ltr to Drs. Hampton and Bouma requesting, 
renewal proposal dated May 19, 1978. (enclosed) 
(2) Original Proposal dated June 28, 1978. (enclosed) 
(3) Copy of project office internal comments on proposal (enclosed) 
(4) Revised renewal proposal, dated January 5, 1979 (encl~sed) 

Required Acceptance Letter fot RU 327 
Drs. Hampton and Bouma 

The enclosed revised FY 79 renewal proposal (p. 1-25) for RU 327, entitled 
"Shallow faulting, bottom instability, and.movement of sediments in lower 
Cook Inlet and western Gulf of Alaska", has been reviewed by the Juneau 
Project Office and judged acceptable .at the funding level of $132,000 (includes 
$12,000 for USGS overhead @ 10%. Please.send an acceptance letter to Drs. 
Hamption and Bouma and initiate funding procedures for this amount. 

Enclosures: refs: 1 - 4 
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TO: OCSEAP, NOAA 
JUNEAU PROJECT OFFICE 
P.O. BOX 1808 
JUNEAU, ALASKA 99802 

NOVEMBER 15, 1978 
CONTRACT: 01-5-022-2538 

FY 1979 RENEWAL PROPOSAL 

RESEARCH UNIT: 337 

TITLE: SEASONAL DISTRIBUTION AND ABUNDANCE OF MARINE BIRDS 

COST OF PROPOSAL: $50,327 LEASE AREAS: Northeast Gulf of Alaska 35% 
Kodiak Basin 50% 
Cook Inlet 15% 

PERIOD OF PROPOSAL: October 1, 1978 through· April 1, 1979 

----------------------------------------------------------------------------
PRINCIPAL INVESTIGATOR 

Name: Calvin J. Lensink, Activity Leader 
U~S.Fish & Wildlife Service, · · 
Office· of Biological Services·, 
1011 E. Tudor Road', 
Anchorage, Alaska 99503 

Telephone Number: 907 276-3800 

INSTITUTION · · 

Signature: a~~ 
Date: /:/..:tc/?'!f 

·united;States.Fish·andWildlife Service, Biological Services ·J;>rogram, 
Coastal Ecosystems Project 

APPROVED BY 

Name: LeRoy w. Sowl, Acting Area Director Signature:~ 7 ~ d.J 
U. S. Fish·& Wildlife Service, n~ 
1011 E. Tudor Road, ntfl(}() Date: //- · ..2-7 f 
Anchorage, Alaska 99503 tyr 

Telephone Number: .907 276-3800 

FINANCIAL OFFICER 

Name: Barbara Copeland, Admin. Officer 
U. S. Fish and Wildlife Service, 
1011 E. Tudor Road, 
Anchorage, Alaska 99503 

Telephone Number: 907 276-3800 

805 



TECHNICAL PROPOSAL 

I. TITLE AND CONTRACT 

Title: Seasonal Distribution and Abundance of Marine Birds 
Research Unit: 337 
Contract: 01-5-022-2538 
Proposed Dates of Contract: October 1, 1978 - April 1, 1979 

II. PRINCIPAL INVESTIGATOR 

Dr. Calvin J. Lensink 
u.s. Fish & Wildlife Service 
Biological Services Program 
lOll E. Tudor Road 
Anchorage, Alaska 99503 

III. COST OF PROPOSAL 

A. Science: $50,327 
B. PI-Provided Logistics: None 
C. Total: $50,327 
D. Distribution of Effort By Lease Area: 

1. Northeast Gulf of Alaska ••••. 35% 
2. Kodiak •....••............•... 50% 
3. Cook Inlet ...••••••••.••••••• l5% 

IV. BACKGROUND 

Research Unit 337 is the only comprehensive OCSEAP study 
designed to provide information on offshore distribution 
and abundance of seabirds in Alaskan waters. The work 
proposed herein will provide a synthesis and analysis of 
data on selected seabird species within the Gulf of Alaska, 
Kodiak Basin and Lower Cook Inlet. This information is 
necessary for the development of marine ecosystem models 
and for the characterization of feeding and foraging 
stratigies related to the breeding and trophic studies 
conducted under RU 341. 

V. OBJECTIVES 

A. Determine the seasonal distribution and abundance of 
selected bird species in marine habitats of the Gulf 
of Alaska. 

B. Contribute supportive data pertinent to temporal and 
spatial changes in primary foraging areas in the 
vicinity of the Chisik Island, Sitkalidak Strait and 
Middleton Island colonies to RU 341. 
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VI. GENERAL STRATEGY AND APPROACH 

Field data on the distribution and abundance of seabirds in 
Alaskan offshore habitats were collected between January 1975 
and November 1977. This data has been digitized and verified, 
and is now being converted to NODC format by Dr. Hal Petersen 
(RU 527). Upon completion of this conversion process, Dr. 
Peterson will provide NODC and us with magnetic tapes of a+l 
RU 337 data sets. In addition, Dr. Petersen will provide us 
with a magnetic tape of RU 337 data in the original USFWS 
format as the latter contains essential data not included in the 
NODC format. When we have received all of the RU 337 data on 
magnetic tapes we will begin a computer analysis of that data. 
Once data analysis has been completed, we will prepare a final 
report detailing the known distribution and abundance of selected 
seabirds over Alaska's Outer Continental Shelf. Dr. CAlvin 
Lensink will be the administrative coordinator and overall 
quality. control manager for this project. Dr. Patrick Gould 
will be responsible for all work up to and including the prepar
ation of the final report. 

VII. SAMPLING METHODS 

No sampling will be conducted during this phase of RU 337. 

VIII. ANALYTICAL METHODS 

Data will be handled "in house" using a Tektronic 4081 graphics 
system for on-line editing and data entry, and the Boeing 
Computer Service CDC Cyber 70 series computer for analysis. 
Data will be taken from finalized tapes (in NODC format) and 
computer sorted on the basis of 10-minute latitude-longitude 
blocks. The data will then be computer summarized and stored as 
20-minute latitude by 30-minute longitude blocks and sorted on 
the basis of Month-Year, Major Species (including Total Birds), 
Total Number of Transects, Number of Transects on which a Species 
was Seen and Number of Individuals (retained as the "sum of 
squares" for statistical analysis). Area and habitat summaries 
will then be developed by aggregating appropriate latitude
longitude blocks. Listings of species occurrence for those 
species not selected for density analysis will be produced from 
the 10-minute latitude-longitude program sort. This will be 
supplemented by a hand search of raw data on specific details 
for some species. Shipboard and aerial data will be analysed 
separately. These. analyses, however, will result in compatible 
end products which will be combined in all tables, figures, 
discussions and summaries. 
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For .selected species, species group, or for total birds within 
selected reference areas, an index: to density of birds per 
square kilometer will be established. The basic unit of 
analysis will be the 10-15 minute transect (=strip census). 
For all selected geographical areas and time periods a range 
of transect .. densities (Minimum-Maximum), a mean transect 
density, and two standard errors (+,- 2 S.E.) around this 
mean will be calculated. Standard errors will· be derived by 
log transform procdures. These· values wi11 be presen.ted in 
tabular. form. Indices will not be corrected for observational 
biases, although ~uch biases will be discussed in narrative 
analyses. .Distribution maps will be developed based on mean 
index: values for 20-minute latitude by 30-minute longitude 
blocks. 

IX. DELIVERABLE PRODUCTS 

A. Digital Data: Table 1 is a detailed list of data parameters 
collected during shipboard and aerial surveys. Reduced 
funding restricts our use of these data fields to the 
following: 

1. FILE IDENTIFIER &.STATION NUMBER will define a transect, 
2. START LATITUDE & LONGITUDE will define the location 

of the observations • 
. ' 

3. DATE will define the time period of the.observations. 
4. START LATITUDE & LONGITUDE, END LATITUDE & LONGITUDE, 

ELAPSED TIME, SPEED and TRANSECT WIDTH will define the 
size of the sampling area • 

. 5. OBSERVER CONDITIONS and STATION NUMBER will define the 
suitability of .the transect for density· calculations. 

6. DEPTH and STATIO~ NUMBER will define the marine' habitat. 
7 ~· TAXONOMIC CODE will define the species. 
8. NUMBER OF INDIVIDUALS will be used ·to calculate density. 
9. OUTSIDE ZONE RECORDS will. define the use of the ltecord 

(i.e., density or occurrence). 

Magnetic tapes of verified.and edited data will be provided 
for 113 USFWS shipboard arid aerial surveys. Table 2 is a 
listing and summary qf the present status of each of these 
operations. 

B. Narrative Reports: The final report will cover the basic 
distribution and abundance patterns of Alaskan seabirds 
as determined from shipboard.and aerial surveys over Alaska's 
Outer Continental Shelf. It will includeappropriate sections 

808 



on background information, methods of data collection and 
treatment, results, discussion, conclusions, and needs for 
further study. Descriptivedata will be presented in a 
species account format and special sections will be devoted 
to appropriate lease sale areas. 

"" Fifty-five trip reports have: been completed and are available 
upon request from the USFWS/OBS-CE office (see Appendix I). 
These reports range from sketchy rough drafts to finished 
documents with data analysis summaries. 

C. Visual Data: A data products schedule is presented in Table 3. 

1. Thirty-six tables will be prepared as described under 
Analytical Methods. Computer outputs will be reformatted 
by hand for inclusion in the final report as shown in 
Table 4. These tables will portray month/year values 
for: Arctic Seas north of the Bering Strait, the Bering 
Sea, the Gulf of Alaska, the northeast Gulf of Alaska, 
the Kodiak Basin and the Cook Inlet. One table will be 
prepared for each of the following species or species 
groups: Total Birds, Shearwaters, Glaucous-winged Gulls, 
Kittiwakes, Murres and Tufted Puffins. Tables for 
additional species. (~·.8.·, Least Auklet, Crested Auklet, 
Parakeet Auklet, Horned Puffin, Arctic Tern, etc.)-will 
be prepared if time and money are available after completion 
of the above 36 tables. 

2. Four maps will be prepared on the basis of total birds as 
described u~der Analytical Methods. These will include 
ail Alaskan waters and each will portray 1 season: Winter 
(December-February),.Spring (March-May), Summer (June
August), Fall (September-November). Each map will be 
divided into three parts representing Arctic Seas, Bering 
Sea, and Gulf of Alaska. The scale of these maps will be 
1:2,500,000. 

Four maps, with mylar ov~rlays, for each~£ three lease 
sale.areas (Cook Inlet, Kodiak and NEGOA) will be prepared 
using composite protraction diagrams on the scale of 
1:500,000. These maps will be for total birds by season 
by 20-minute latitude x 30-minute longitude blocks. 

X. QUALITY ASSURANCE PLAN 

The procedure for processing raw data is presented in Table 5 • 
. It contains four. levels of data validation which will assure 99% 
error-free products. 

Quality control within the data analysis program will be based 
on the following data selection parameters incorporated into the 

809 



computer program: 

A. Shipboard and aerial surveys will be analyzed separately and 
then compared on an area and time frame basis. 

B. Density (birds per square kilometer) calculations will be 
derived only for those transects which fulfill the following 
requirements: 

1. Observation conditions are average to excellent, 
2. Ships speed is between 6 and 15 knots, 
3. Elapsed time is between 10 and 15 minutes for shipboard 

·surveys, 
4. Latitude and longitude coordinates are available to the 

nearest minute, 
5. Transect width was 300 meters for shipboard surveys and 

100 meters for aerial surveys, 
6. Transect area is greater than 0.5 KM2 for aerial surveys, 
7. Observations were'."made on a transect basis as opposed to 

ship follower survey, station count, general observation, 
etc. 

C. All data analysis and interpretation will be reviewed by 
the project leader and the principal investigator before 
incorporation into the final report. 

XI. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

All digital data will be supplied to NODC on magnetic tapes to 
be incorporated into their data base. Raw data, trip reports, 
and digital data will be incorporated into one of several USFWS 
data bases. 

XII. LOGISTICS REQUIREMENTS 

The work proposed herein does not require logistic support. 

XIII. ANTICIPATED PROBLEMS 

Sixty-nene percent of the data needed to complete the work 
proposed herein is presently being edited and reformatted by 
Dr. Hal Petersen (RU 527). We will need 120 days to complete 
the proposed final report beginning on the day we receive the 
last of the finalized data tapes. The present proposal is 
based on a final report submittal date of April 1, 1979. Any 
renegotiation of this submittal date past April 1, 1979 will 
also require renegotiation of the funding level. 
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Analysis of data beyond the scope indicated in this Technical 
Proposal will require additional funding. It is very difficult 
to estimate the cost of analyzing our large data base (~. 
100,000 cards) by computer. We consider the cost estimate 
contained within the present proposal a minimum without which 
we will be unable to produce a final report. 

XIV. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

For each cruise leg on which marine bird data was collected 
we would like information on surface water temperature, surface 
water salinity, location and direction of flow of surface 
currents, areas of upwelling and downwelling, location of 
boundaries of major water masses or domains (i.e., those 
identified by F. Favorite, A. J. Dodimead, and K. Nasu 
Oceanography of the Subarctic Pacific Region, 1969-71, 
Number 33, 1976), and the distribution and concentration 
points of such marine organisms as Capelin, Sand Lance, 
Euphasiids, Copepods and Squid. In all cases, a computer map 
would be especially useful. 

XV. MANAGEMENT PLAN 

An Activity/Milestone/Data Management Chart is presented in 
Table 6. The project leader (Patrick Gould) is responsible 
for data management, data analysis and the preparation of the 
final report. The Principal Inv~stigator (Galvin Lensink) will 
supervise this work and have final authority on the interpretative 
aspects of the final report. 

XVI. OUTLOOK 

The early termination of RU 337 field work resulted in 
complete and partial data gaps for some geographical areas 
and seasons. These data gaps will eventually need to be filled, 
especially those existing in future lease sale areas. We 
suggest that consideration be given to including RU 337 type 
data collection as part of future proposals (especially RU 341). 
RU 341 will require concurrent information on the seasonal 
distribution and abundance of marine birds as a basis for 
evaluating food web studies, colony studies, and energy flow 
assessments. 

XVII. STANDARD STATEMENTS 

1. Updated milestone charts will be submitted quarterly. A 
schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 
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2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract year·to be in OCSEAP 
hands by the first day of January, July, ·and October, 
Annual Reports by April 1. The Final.Repcirt'will be 
submitted ·within'90 days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP

'designated repository·in·conformity with ocsE.A:P'voucher 
· specimeti policy> Vouchering will include life· history stages 

' (e._&., larvae,. juveniles, adults) when these are used, 
and :sexes'where· these are· morphologically distinguishable. 

4.- · At the option of the Project Office the PI is prepared to 
·· · travel· to the Project bffice at least twice du:dng the 

cotitract·year ·to review project status and progress. Such 
. ·'reviews will be' scheduled on dates mutually satisfactory to 

both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a data documentation form (NOAA 24-

. 13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information should be recorded 
as .shown.on form CD-281, "Report of Government Property in 
Possession of Contractor" copyattached. Updated copies of 
these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
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material developed under OCSEAP funds will be submitted to 
the appropriate Project Office at least six~y (60) days 
prior to release, for information and for forwarding to BLM. 
The release of such material within a period of ;Less than 
sixty (60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 

"" 

.10. All publications and presentations of material developed 
_under OCSEAP funds will ackq.owledge-BLM/OCSEAP sponsorship. 
The following acknowledgement is standard: ."This study was 
supported by the Bureau of Land Man~gement through 
interagency agreement with the National Oceanic and 
Atmospheric Administration; under which a multi-year program 
responding to needs of petroleum development of the Alaskan 
Continental Chelf is managed by the Outer Continental 
Shelf Envirpnmental 1\ssessment Program. (OCSEAP,) Office." 
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Table 1. Digital Data Parameters for 

PARAMETERS 

Header 
·File Type 
File: Identifier 

\ 

Station Number 

Location 
Record Type 
Latitude (start) 
Longitude (start) 
Date 
Time 
Latitude (end) 
Longitude (end). 
Elapsed Time 
Time .Zone 
Speed 
Course 
Height 
Platform Type 
Sampling Technique 
Ship Activity 
Observation Condition 
Transect Width 

Environment 
Record Type 
Depth to Bottom 
Depth of Thermocline 
Surface Temperature 
Surface Salinity 
Dry Bulb Temperature 
W~t Bulb Temperature 
Barometric Pressure 
Barometric Trend 
Wind Direction 
Wind Speed 
Sea State 
Swell Height 
Weather 
Visibility 
Glare Intensity 
Glare Area 

· VOLUME* 

A 
A 
A 

A 
A 
A 
A 
A 

. F 
' 

. . : F 
A 
A 
A 
A 
F 
F 
F 
F 
A 
F 

A 
F 
s 
F 
s 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
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RU 337 

DATA RANGES 

Always "033" 
FW5003-FW8029 
00100-99999 

Always "1" 
Always N(orth), i0-73 degrees 
Usually W(est), 120-190 degrees 
Any in contract period 
Any in contract period 
Always N(orth), 20-73 degrees 
Usually W:(est), 120-i90 degrees 
01-99, usually 10. or l:S 
+07 - +12 
0-140 
Any 
001-100 
1-9 
1-9 
1-9 
0-7 
000-999, usually 030 or 010 

Always "2" 
Any 
Any 
+ or - 0.0-25.0 
30.0-50.0 
OO.Q-25.0 
00.0-25.0 
0000.0-1025.0 
+, 0, -
Any 
66-75 
WMO code 3 7 00 
00-15 
WMO code 46 77 
WMO code 4300 
1-9 
1-9 



·Table 1. Digital Data Parameters for RU 337 (continued) 

PARAMETERS 

Data 
File Type 
Time 
Taxonomic Code 
Subspecies 
Species Group 
Age Class 

·Sex 
Color Phase 
Plumage 
Molt 
Number of Individuals 
Direction of Flight 
Association Code 
Linkage 
Number of Species 
Behavior 
Debris.Code 
Sequence Number 
Outside Zone Records 

Text 
File Type 

* A = Always 
F = Frequent 
S = Seldom 

VOLUME* 

A 
s 
A 
s 
F 
F 
F 
F 
s 
s 
A 
F 
s 
s 
s 
F 
s 
A 
A 

F 
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DATA· RANGES 

Always "5" 
Any 
Always begins with 91 or 92 
Any 
00-15 
1-9, N or Q 
1-9 
1-7 
1-9 
1-9 
00000-99999 
00-36 
01-15 
001-010 
01-10 
00-99 
1-9 
001-400 
1-9 

Always "4" 



Table 2. Present Status of RU 337 Data 

1. Data validation and format conversion have been completed by 
RU 527 for 28 field operations i~cluding: 

FW5004 
Fw5032 
FW6029 
FW7032 

FW5008 
FW5034 
FW6093 
FW7033 

FW5009 
FW6001 
FW7026 
FW7034 

FW5014 
FW6015 
FW7027 
FW7035 

FW5018 
FW6025 
FW7028 
FW7036 

FW5027 
FW6026 
FW7029 
FW7042 

2. Data validation and format conversion is currently being 
conduct~d by RU 527 for 63 field operations including: 

·FW5003 FW5006 FW5010 FW5011 FW5012 FW5013 
FW5016 FW5020 FW5021 FW5022 FW5023 FW5024 
FW5026 FW5029 FW5031 FW5033 FW5035 FW5036 

.FW6002 FW6004 FW6005· FW6006 FW6007 FW6008 
FW6010 · FW()Oll FW6012 FW6013 FW6014 Fw6016 
FW6019 FW6021 FW6027 FW6050 FW6051 FW6052 
FW6064 F,W6066 FW6067 FW6069 FW6070 FW6074 
FW6078 FW6082 FW6083 FW6084 FW6085 FW6086 
FW6088 FW6089 FW6092 FW6094 FW6095 FW6186 

FW5030 
FW6028 
FW7031 
FW7045 

FW5015· 
FW5025 
FW5037 
FW6009 
FW6018 
FW6057 
FW6077 
FW6087 

3. Keypunching and initial data validation are now being conducted 
by the USFWS for 22 field operations .including: 

FW5028 FW6200 FW6300 FW6400 FW7047 FW8006 FW8007 
FW8008 FW8Ql2 FW8014 FW8015 FW8016 FW8017 FW8018 
FW8019 FW8023 FW8024 FW8025 FW8026 FW8027 FW8028' 
FW8029 

All of the above operations except FW8029 have been keypunched·and 
only FW5028 will require format conversion by RU 527. 
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Table 3. RU 337 Data Products Schedule. 

DATA 
TYPE 

MEDIA 

Ship & Tape 
Aerial 
Bird 
Census 

Narra
tive 
Report 

Total 
Bird 
Dis t-

Typed 
Manu
script 

Paper 

oo ribu-
1-' 
-...~ tion 

Maps 

Dens- Paper 
ity 
Tables 
Birds 

ESTIMATED OCSEAP PROCESSING AND COLLECTION PERIOD 
VOLUME FORMAT FORMAT.TING DONE' MO/YR to MO/YR 

11* 

1 

4 

48 

BY 

033 Part by USFWS, 
Part by RU 527 

. Yes 

Yes 

Yes 

03/75 09/78 

03/75 11/77 

03/75 11/77 

03/75 11/77 

SUBMISSION 
MO/YR 

01/79** 

04/79 

04/79 

04/79 ' 

* 
** 

11 tapes will contain about 100,000 cards and- about 10,000 transects. 
81% of this volume has already been submitted, refer .to Table 2 of this proposal. 



Table 4. Format of Tables to be Used in the RU 337 Final Report. 

Table (1-36). Abundance of (species) in the (area). 
1. 

MONTH/YEAR 
Oceanic 
Shelf Break 
Continental Shelf 
Coastal 
Total 

MONTH/YEAR 
Oceanic 
Shelf Break 
Etc. 

NUMBER OF 
TRANSECTS 

MAXIMUM MEAN 
B/KM2 B/KM2 

4 
+ 

CONFIDENCE LIMITS 
LOWER UPPER 

2 3 
FREQUENCY OF 
OCCURRENCE 

1: The basic unit of analysis for density data is the individual transect. 
2: Based on a log transform of 2 standard errors of the mean (=ca. 95% confidence interval). 
3: Number of transects on which a speci.es was seen d~vided by the total number of transects. 
4: A "+" will be portrayed if the species was seen in the area but the record was deleted 

because the sighting was outside the transect area or the transect was discarded for some 
reason such as poor observation conditions. 



---

Table 5. RU 337 Data Processing and Validation ScenarioJ, 

FIELD WORK 
.j., 

DATA TRANSCRIPTION 

DATA VALIDATION I 

KEYPUNCHING 

"------------7> DATA VALIDATION II 

MAGNETIC TAPE'--------,....-~ 

...__--'--------~DATA VALIDATION III 

FORMAT CONVERSION E-(-----------...;1' 
J.. 

FINAL TAPE 
~ 

DATA ANALYSIS ------------. 

DATA VALIDATION IV 

REPORT PREPARATION~~:::-·---------' 

Data Validation. I: Visual checking for gross errors and content. 

Data Validation II: ,Visual checking of computer printouts for 
consistency and symmatry errors and a s.ort · 
program for taxonomic codes. 

Data Validation III: Computer program (RU 527) based on pre~ 
established data and code parameters. 

Data Validation IV: Inconsistent or intuitively erroneous results 
resolved by rechecking raw data stored in 
USFWS/OBS-CE files. 
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Table 6 MILESTONE CHART 

0 ~ Planned Completion Date 

X - Actual Completion Date 

RU fl ----=3=3.._7 __ PI: · Dr. CAlvin Len sink 

Hnjor lUlestones: Reporting, data management and other significant 
contractual requirements; period's of field work; workshop,s; etc. 

1978 1979 .. 
MAJOR MILES'I'ONES. 0 N I) J •'' F M A M 

Digital Data <submission ·x 

Quarterly Report X 

Data Analysis: 

Arctic Seas 'X' 

Bering Sea X 

Gulf of Alaska X 

Final Report: . '·' 

Arctic Seas X 
.,. 

Bering Sea X 

Gulf of Alaska 
,, ;,X ""-· 

c 

,,., ~· 

J J A 9 0 

,' ', 

N D 

,,, 

<~::'·'' 

~' ~ 



UNITED STATES 

DEPARTMENT OF THE INTERIOR 

IN REPLY REFER TO: 

Dr. Herbert E. Bruce 
Projec:t Manager , 
OCSEAP/NOAA 
Juneau Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

Dear D'r. Bruce: 

FISH AND_ WILDLIFE SERVICE 
. ' 1C)11 E. TUDOR RO. 

ANCHORAGE, AlASKA 911603 

!Son 276-31100 

November 20., 1978 

Enclos_ed is the -FY 1979 renewal proposal for RU 33 7; ·• Our delay 
in submitting this proposal is the result of having to re-assess 
costs based on the severe reduction of funding level from the 
$61,100 outlined on our proposal dated July 15, 1978, to the 
$45,000 stated in yo~r guidance letter of October .31, 1978. 

As outlined in the present proposal, we have been able to reduce 
our costs by reducing personnel time and by reducing our level 
of analysis. It will be impossible, however, to reduce our costs -
below the stated $50,327 and still prepare a final report on the 
distribution and abundan_ce of ·marine birds in Alaskan waters. 

You may note that overhead charges may differ from those of our 
other projects. The Fish and Wildlife Service does not impose 
a ·fixed overhead charge _on contracted projects. Rather, estimates 
are made of ~dministrative costs appropriately charged to individual 
projects,. thus overhead.will.'vary slightly between-projects depending 
on their characters. Administrative costs, including secretarial' 
and cartographic services, will normally approximate about.50% 
of salaries including COLA or 40% of total project costs. 

Sincerely yours, 

c:;._~~£ 
CAlvin Lensink 
Principal Investigator 
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RECEIVED 
U.S. DEPARTMENT OF COMMERCE . 
National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental 
Assessment Program 

OC$ PRO(;.;.:AM 
OfFICE 

Bering Sea-Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

RFx41-337-2495 

TO 

THRU 

FROM 

Rudy Engelmann, Director 
OCSEAP - Alaska Program Office, Boulder 

Kay Jentsch, Contract's Assistand 
OCSEAP- Alask~-Program Office, Boulder . I'~ ..J,..J, u·.J.,~ 
Herber~~. Manager 
OCSEAP - Jun~ Project Office 

SUBJ.: OCSEAP Research Unit 337 

REFS: (1) FWS revised renewal proposal, dated 15 .November 1978 
(2) Juneau Project Office ltr to FWS, dated 15 December 

(enclosed). 
(3) FWS ltr to Juneau Project Office, dated 26 December 

(enclosed). 

Required Acceptance Letter For R.U. 337, Calvin Lensink 

(enclosed). · 
1978 

1978 

The enclosed proposal and letters (refs 1 - 3) constitute the substance 
of an acceptable proposal at a funding level of $50,327. With respect· 
to reference (3), we concur with FWS that it is not worthwhile to pro
duce seasonal distribution maps of seaducks. Please send an acceptance 
letter to Dr. Lensink and initiate contracting procedures based on the 
above referenced documentation and $50,327 funding level. 

Enclosures: refs 1 - 3 (above) 
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TO: OCSEAP, NOAA 
JUNEAU PROJECT OFFICE 
P.O. BOX 1808 
JUNEAU, .ALASKA 99802 

DECEMBER 20, 1978 
CONTRACT: 01-5-022-2538 

FY 1979 RENEWAL PROPOSAL 

RESEARCH UNIT: 341 

TITLE: POPULATION DYNAMICS AND TROPHIC RELATIONSHIPS OF MARINE BIRDS 
IN THE GULF OF ALASKA 

COST OF PROPOSAL: $344,500 LEASE AREA: NEGOA •••••.•••••.•••.. 20% 
KODIAK •••.••••••.•••.•• 33% 
COOK INLET ............. 37% 
WESTERN GULF ••••••••••• 04% 
BRISTOL BAY •••.•••••••• 04% 
ST. GEORGE BASIN .•.•••. 02% 

PERIOD OF PROPOSAL: October 1, 1978 through September 30, 1979 

PRINCIPAL INVESTIGATORS 

Calvin J. Lensink 

Patrick J. Gould 

Gerald A. Sanger 

C..&~J:~~~£' I'J--/J-o) 7 $' 

/?;; !c«{/ifa'" v/ /7--/cz_o/> 1 

INSTITUTION 

U.S. Fish & Wildlife Service, Office of Biological Services, 1011 E. 
Tudor Road, Anchorage, Alaska 99503. 907-276-3800 

APPROVED BY · 

Jan Riffe, Acting Area Directo~~ ¥~ 
u.s. Fish & Wildlife Service 
1011 E. Tudor Road 
Anchorage, Alaska 99503 
907-276-3800 

FINANCIAL OFFICER 

Barbara Copeland, Admin. Officer 
U.S. Fish & Wildlife Service 
1011 E. Tudor Road 
Anchorage, Alaska 99503 
907-276-3800 
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TECHNICAL PROPOSAL 

TITLE AND CONTRACT 

Title: Population Dynamics and Trophic Relationships of 
Marine Birds in the Gulf of Alaska 

Research Unit: 341 
Contract: 01-5-022-2538 
Proposed Dates of Contract: October 1, 1978- September'30, 1979 

II. PRINCIPAL INVESTIGATORS 

Calvin J. Lensink 
Patrick J. Gould 
Gerald A. Sanger 

III. COST OF PROPOSAL 

A. Science: $344,500 
B. Logistics: 0 
c. Total: $344,500 
D. Distribution of Effort By Lease Area: 

1. Northeast Gulf of Alaska • : • • • 20% 
2. Kodiak . . • . • . . • • • . • • 33% 
3. Cook Inlet . . .•••••••• 37% 
4. Western Gulf of Alaska • 04% 
5. Bristol Bay •••••• ~ • 04% 
6. St. George Basin • • • • 02% 

IV. BACKGROUND 

Work proposed here essentially continues or completes previous 
work done under Research Units 338, 340, 341 and 342. In helping 
to satisfy the objectives of Task E of the OSCEA Program, this 
research unit will continue to define the role of seabirds in 
Alaskan marine environments. Work during FY 79 will focus on 
analysis and synthesis of data collected during previous years, 
and on the preparation of reports.· Field work will be restricted 
to studies of the breeding biology of seabirds at Chisik Island 
in Cook Inlet. 
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V. OBJECTIVES 

The broad objective of studies proposed here is to provide 
information necessary to identify and evaluate potential impacts. 
to marine birds from development of petroleum resources on the 
Alaskan Outer Continental Shelf. Following the guidance of the 
Bering Sea-Gulf of Alaska Project Office, the specific objectives 
of the proposed work are: 

1. To characterize selected marine bird rookeries by determining 
pop~lat~on and .structure, chronology and habi~ats used· 
by individu'a1 species. 

2. To determine the annual productivity (breeding success) of 
selected species as indicated hy number of eggs, chi,cks 
and fledglings produced. 

3. To describe annual variations in the chronology .and product
ivity of major species of seabirds as a function of geographic 
location, climatic conditions, feeding strategies and other 
pertinent environmental factors. 

4. To describe the trophic relationships of ted species of 
seabirds and their variation by season and location. 

5. To describe primary foraging areas of seabirds in coastal 
waters, particularly within foraging range of the rookeries 
studied, and their use by selected species. 

VI. GENERAL STRATEGY AND APPROACH 

A. General Approach and Experi~ental Design 

Two major components have comprised the field work in RU 341: 
Colony Studies and Trophic Studies. These studies are inter
related in the apparent strong influence that the kind and 
availability of prey has on the local productivity and distri
bution of seabirds. However, integrated studies repeated over 
several years will be required before .this apparent relation- . 
ship is clearly understo.od. · · 

1. Studies on the nestj,ng colonies emphasize population 
assessment, productivity, growth rates, breeding 
chronology, habitat use and feeding strategies. Data 
are analyzed at the conclusion of each field season 
and final efforts will mainly involve inter-area 
comparisons. Field studies at Chisik Island, Cook Inlet, 
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will be conducted during the spring and summer of 1979 
with emphasis on the productivity, chronology, growth 
rates and feeding strategies of Horned Puffins, Black
legged Kittiwakes and Common Murres. 

2. Studies of trophic relationship emphasize feeding habits, 
foraging behavior and foraging areas of primary species. 
By calculating the Index of Relative Importance (IRI), 
the relative importance of each prey species to each bird 
species can be estimated. Synthesizing data on populations 
of birds, trophic levels of prey, and ingestion rates will 
enable us to estimate the total consumption of each prey 
species for each area. And finally, evaluating the nutri
tional value of the prey will help determine their importance 
to the birds, and will yield clues to the ultimate conse
quences to birds from changes in population levels of 
their prey. 

B. Strategy 

Work during FY 79 will involve four major tasks: Annual Reportp, 
Digital Data, Chisik Island Field Work and Final Reports. These 
are outlined below and detailed in subsequent sections of the 
technical proposal. 

1. Annual Report 

a. Colony Studies 

i. NEGOA: analysis of Middleton Island field 
data (see Table 1) 

ii. KODIAK: analysis of Chiniak Bay and Sitkalidak 
Strait field data (see Table 1) 

iii. COOK INLET: analysis of Chisik Island field 
data (see Table 1). 

b. Trophic Studies 

i. KODIAK: analysis of selected aspects of FY 78 
field data from the R/V Commando food web study 
and Chiniak Bay winter feeding habits studies. 

ii. COOK INLET: ·analysis of selected aspects of FY 
78 field data from Kachemak Bay winter feeding 
habits studies. 

2. Digital Data 

a. Colony Studies: all data need to be digitized, keypunched, 
verified and submitted on magnetic tapes. 
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i. NEGOA: Wooded Islands (1976-77) 
Hinchinbrook Island (1976) 
Middleton Island (1978) 

ii. KODIAK: Chiniak Bay (1977-78) 
Sitkalidak Strait (1977-78) 

iii. COOK INLET: Barren Islands (1976-77) 
Chisik Island (1978) 

iv. WESTERN GULF OF ALASKA: Ugaiushak Island (1976-77) 
Shumagin Islands (1976) 
Semidi Islands (1976-77) 

v. BERING SEA: Cape Peirce (1976) 

b. Seawatch Studies: all data need to be verified and 
submitted on magnetic tapes. 

i. NEGOA: Middleton Island (1976) 
Hinchinbrook Island (1976) 

ii. COOK INLET: Barren Islands (1976) 
iii. WESTERN GULF OF ALASKA: Semidi Islands (1976) 

Shumagin Islands (1976) 
Ugaiushak Island (1976) 

iv. BERING SEA: Unimak Pass (1976) 
Cape Peirce (1976) 

c. Trophic Studies: all data are now on a preliminary 
tape, but need to be verified. Some data may need to 
be re-keypunched. 

i. NEGOA: Various shipboard (1975-76) 
Hinchinbrook Island (1976) 
Middleton Island (1978) 

ii. KODIAK: R/V Commando data (1978) 
Yankee Clipper data (1977) 
Chiniak Bay, spring-summer (1976-77) 
Chiniak Bay, winter (1977-78) 
Sitkalidak Strait, spring-summer (1977-78) 
Sitkalidak Strait, activity cycle (1977-78) 
Various shipboard (1975-~6) 

iii. COOK INLET: Various Shipboard (1975-76) 
Kachemak Bay, winter (1977-78) 
Chisik Island, spring-summer (1978) 

iv. WESTERN GULF OF ALASKA: Various shipboard (1975-76) 
Ugaiushak Island (1976-77) 
Semidi Islands (1976) 

v. ST. GEORGE BASIN: Various shipboard (1975-76) 
vi. BRISTOL BAY: Various shipboard (1975-76) 

Cape Peirce (1976) 
Nelson Lagoon (1977) 
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3. Chisik Island Breeding Biology Field Studies 

a. Obtain estimates of production or nesting success 
of Common Murres, Horned Puffins, and Black-legged 
Kittiwakes. 

b. Determine the amounts and kinds of foods used by 
Black-legged Kittiwake chicks, and determine the 
daily foraging cycles of Black-legged Kittiwakes, 
Common Murres, and Horned Puffins. 

c. Determine the chronology and phenology of events in 
the biology of breeding birds. 

d. Obtain a comparison of current data with recent 
historical data. 

4. Final Report 

a. Colony Studies 

Upon completion of the annual report all data on 
breeding biology from RU341, relevant literature and 
pertinent information from other studies such as 
trophies RU341 and distribution/abundance RU337 
will be synthesized to produce a species-oriented 
report on the breeding biology of selected species in 
the Gulf of Alaska. 

b. Trophic Studies 

Upon completion of the annual report separate species~ 
oriented reports will be written on the feeding ecology 
and trophic relationships of selected marine bird species 
in Kachemak Bay, and the Kodiak area. An additional 
report will synthesize all trophies data including 
what limited information we have from other lease areas. 

VII. SAMPLING METHODS 

A. Colony Studies: the only field studies to be conducted during 
FY/79 will be at Chisik Island in Cook Inlet. These will begin 
about May 7 and will continue through about September 5. 
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1. Time-lapse photography will be used to obtain data on 
colony attendance, phenology, predation rates, feeding 
rates and food types of individually marked Common Murres 
and HQrned Puffins. This method will be used primarily 
for murres because they are physically distributed in 
the area such that we cannot look into their nests without 
disturbing them. Disturbance of murres from their eggs 
or chicks results in excessive predation by gulls, so 
techniques generally employed to study more tolerant 
seabirds are not applicable. Time-lapse photography has 
proved successful in accumulating information on other species. 

2. Proximity relay equipment will be used to monitor Horned 
Puffin burrows on a 24-hour basis to establish the frequency 
with which the nests are visited. 

3. Spotting scopes will be used at intervals during daylight 
hours to monitor•individually colored marked Horned Puffins. 
This will also provide a control for the,remote detector 
data described in 2 above. Thirty-one adult puffins were 
banded with color codes in 1978. These marked birds will 
facilitate identifying behavioral traits such as nest site 
tenacity, permanence of pair-bonds and feeding rates. 

4. Infra red photographs of otherwise inaccessible Kittiwake 
nesting areas will be used to determine nesting success. 

5. Sampling plots established in 1978 for Horned Puffins and 
Black-legged Kittiwakes will be monitored to observe 
difference in densities of birds on plots between years. 
A total of 30 Horned Puffin plots, five Black-legged 
Kittiwake areas and f.ive Common Murre areas will be moni
tored in 1979. 

6. Marked nests, eggs and young of selected Horned Puffins, 
Common Murres, and Black-legged Kittiwakes will be monitored 
every three to five days to determine nesting success, 
nesting phenology and growth rates of young. The sample 
size will depend upon the availability of suitable nests 
with 30'considered a minimum and 60 considered optimal. 

7. Regurgitation samples of Black-legged Kittiwake chicks will 
be taken to determine food types. 

B. Trophic Studies: There will be no sampling program .in FY 79 
beyond that mentioned under the Chisik Island study. 

VIII. ANALYTICAL METHODS 

Complex data products which require rigorous statistical treatment 
of small data sets will be analyzed "in house" on a Hewlett Packard 
9800-A mini computer. For larger data sets, programming will be 
done by personnel in the USFWS Alaska Information Management System 
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(AIMS) and by trained OBS-CE personnel. Analysis will be accomplished 
with the Boeing Computer Service CDC Cyber 70 series computer, arld 
to a lesser extent by the Honeywell Computer at the University of 
Alaska. 

A. Colony Studies 

Productivity will be analyzed on the basis of separate s 
within the breeding cycle. The major measures of productivity 
will include: 

1. Nests with eggs per nest built 
2. Clutch size 
3. % of breeding pairs which hatched one or more eggs 
4. brood size at hatching 
5. eggs hatched per eggs laid 
6. % breeding pairs fledging at least one young 
7. Brood size at fledging 
8. Chicks fledged per chicks hatched 
9. Chicks fledged per eggs laid 

10. Chicks fledged per nest with eggs 
11. Chicks fledged per nest built 

Analytical methods for remaining data include: 

1. Analysis of variance between years and among colony sites 
with respect to: clutch size, brood size and number of 
fledglings. 

2. Analysis of co variance of growth curves between years 
and among colonies. 

3. Analysis of variance of the adjusted means of the above 
curves (no. 2) with multiple range tests for significant 
differences. 

4. Canonical analysis mf the important habitat parameters 
which may influence productivity~ 

5. Chi-square analysis of important habitat parameters. 
6. Analysis of variance of prey lengths over all months of 

one year. 
7. Factor analysis and diversity indices of the principal 

components of each species' diet. 
8. Chi-square with accompanying tests like Wilke's lambda 

or Rao's v of these principal components. 

B. Trophic Studies 

Selected fields from our File Type 031 database will be 
used to calculate the % volume, % frequency of occurrence, 
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Report Syntheses, Field Notes and Digitized on the now 
defunct 035 format. A major effort will be made in FY 79 
to translate this data into the new 135 format. Data requiring 
digitization exist for the following field operations: 

a. NEGOA: FW6081, FW7081, FW6022, FW8021 
b. KODIAK: FW7069, FW8013, FW7037, FW8009 
c. COOK INLET: FW6054, FW7054, FW8010 
d. WESTERN GULF:FW6060, FW6061, FW7060, FW6062, 

FW6063, FW6024, FW6059, FW7030 
e. BERING SEA: FW6023 

2. Seawatch Studies 

.The following field operations will be included in the final 
data sets submitted to NODC: 

a. NEGOA: FW6022, FW6073 
b. COOK INLET: FW6054 
c. WESTERN GULF: FW6024, FW6059, FW6063, FW6061,· FW6099 
d. BERING SEA/UNIMAK PASS: FW6091, FW6076, FW6020, FW6056, FW6023 

3. Trophic Studies 

Approximately 25,000 cards of marine bird specimen and feeding 
studies data from about 3,050 food samples currently exist in 
three formats including F~le Type 031. All trophies data has 
been keypunched, but most of it requires translation to the 
approved format. This is now being accomplished. 

The following field operations will be included in the data 
sets submitted to NODC in the approved 031 format: 

·a. NEGOA: FW5020, FW6003, FW6022, FW6051, FW6073, 
FW6079, FW6090, FW8021 

b. KODIAK: FW5007, FW6064, FW6069, FW6087, FW6095, 
FW6101, FW7032 to FW7037, FW7069, FW8003, 
FW8006 to FW8009, FW8014, FW8015, FW8017 to 
FW8019 

c. WESTERN GULF: FW6012, FW6016, FW5022, FW6024, FW6029 to 
FW6031, FW6053 to FW6059, FW6078, FW7030, 

i•'FW7060 
d. BERING SEA; MM4001, FW5033, FW6021, FW6023, FW6056, 

FW6057, FW6067, FW6075, FW6085, FW6091, FW7056 
e. ALEUTIAN ISLANDS: MF9001, MFOOOl, MFlOOl, FW6097 
f. COOK INLET: FW6092, FW7101, FW7102, FW8001, FW8002, 

FW8004, FW8005, FW8010 
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B. Narrative Reports. 

1. Colony Studies 

a. Annual Report 

In order to avoid duplication of effort with respect to 
data synthesis in the annual and final reports, the annual 
report will be restricted to intra-colony comparisons. Four 
colony reports will be produced, one for each colony, 
synthesizing all data available for that site (see Table 1). 
Introductory sections on methods, area description, relevant 
literature and background will be included in each report. 
These reports will be united by a brief introduction and 
"executive summary". Inter-colony comparisons and a dis
cussion of the implications of OCS development will be 
deferred to the final report. 

b. Final Report 

This report will be a synthesis of all available information 
on breeding biology of seabirds in the Gulf of Alaska. It 
will be based on RU341 colony studies and will stress both 
inter- and intra-colony comparisons and, when available, 
annual variations. Although it is difficult at this juncture 
to know the exact contents and format of the final report, we 
envision the following outline: 

i. Introduction 

Rationale for study 
Current state of knowledge 
Pre-existing perturbations 
Area description 
Methods 
Field Schedule 

ii. Results: This will be in a species account format 
with the following species being included (an 
asterisk indicates the most intensively studied 
species). 

Northern Fulmar* 
Storm Petrels* 
Cormorants* 
Common Eider 
Black Oystercatcher 
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Glaucous-winged Gull* 
Mew Gull 
Black-legged Kittiwake* 
Terns* 
Murres 
Pigeon Guillemot 
Parakeet Auklet 
Rhinoceros Auklet 
Horned Puffin* 
Tufted Puffin* 

Each species account will include; where available, 
the following topics: 

Breeding distribution and abundance in the Gulf of 
Alaska 
Nesting habitat 
Breeding phenology 
Colony Attendance 
Productivity 
Factors affecting productivity 
Growth of chicks 
Feeding habits and feeding ecology 

iii. Discussion 

Major conclusions 
Problems associated with petroleum development of 
the Outer Continental Shelf 

2. Trophies Studies 

a. Annual Reports 

The annual report for-trophies work will discuss selected aspects 
of the feeding habits of birds in Kachemak Bay (Lower Cook Inlet) 
in winter, and for the Kodiak area in Spring, Summer and Winter. 
The report will be limited to work done in FY 78 and will not 
synthesize prior years' work. Synthesis of all of our data and 
information in the literature will be accomplished in the final 
report, as described below. The annual report will only include 
information calculable manually plus narrative information from 
field notes. Two trophies reports will be compiled as follows: 
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i. '"INDICES OF RELATIVE IMPORTANCE (IRI) FOR THE PREY 
OF MARINE BIRDS IN KACHEMAK BAY, NOVEMBER 1977 TO 
APRIL 1978" by Sanger, Jones and Wiswar. This report 
will essentially include tables with supporting text 
of the IRI's of samples aggregated for the whole 
study period for Oldsquaw, White-winged Seaters, Common 
Murres and Marbled Murrelets. 

ii. "THE VOLUMETRIC COMPOSITION OF THE PREY QF MARINE BIRDS 
IN THE KODIAK AREA, 1978", by Krasnow, Sanger and Wiswar. 
This report will be based on collections of bird stomach 
samples aboard the R/V Commando in the Ko~iak area from 
April to August 1978, and on a winter collection in 
Chiniak Bay in February 1978. It will include tables 
and "pie charts" of the volumetric composition of the 
prey of Sooty Shearwaters, Short-tailed Shearwaters, 
Oldsquaw, White-winged Seaters, Black-legged Kittiwakes, 
Marbled Murrelets, Pigeon Guillemots, Common Murres and 
Tufted Puffins. Data will be separated by cruise and 
bay of collection. Supporting text will supplement the 
table.s and graphs. 

b. Final Reports 

The final reporting of bird trophies work ~..rill attempt to synthe
size available data and information in the literature. It will 
include food habits data from shipboard and colony studies, and 
population, distribution and behavioral data from the colony and 
shipboard studies plus pertinent data from other OSCEAP research 
units. Three separate reports will be prepared. .One will cover 
the Kachemak Bay winter feeding study, a second the Ko'd iak area, 
and the last will include our scattered information from other 
lease areas, and attempt to integrate and synthesize our entire 
data base from a species standpoint. The anticipated titles and 
contents of the three reports are: 

i. "THE WINTER FEEDING ECOLOGY AND TROPHIC RELATIONSHIPS 
OF MARINE BIRDS IN KACHEMAK BAY, LOWER COOK INLET, 
ALASKA", by Sanger, Jones and Wiswar. "THE FEEDING ECOLOGY 
AND TROPHIC RELATIONSHIPS OF MARINE BIRDS IN THE AREA OF 
KODIAK ISLAND, ALASKA", by Sanger, Krasnow and others. 
These two reports will: 

aa. Discuss the major species of marine birds, their 
estimated population sizes, feeding behavior, 
general distribution patterns and foraging areas. 
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% numerical abundance and the Index of Relative Abundance 
(Pinkas et al., 1971) of the prey of the major species of 
birds. As appropriate to a lease area and a particular 
data set, intra- and inter-specific comparisons of these 
values will be made on a geographic and seasonal basis. 
Tests for analysis of variance will be run to determine 
the statistical adequacy of sample sizes. Average weights 
of birds and their fat indices will be compared geographically 
and seasonally where possible to determine physiological 
condition. Indices of stomach fullness will be examined 
in relation to time of day. These data will be compared to 
breeding success and breeding chronology, particularly 
as influenced by kinds and volumetric composition of prey. 

Foraging and feeding behavior and areas will be determined 
by examining pelagic transect data and the cruise reports 
and field notes of the personnel who conducted the work. 
Data from studies of foraging/activity/behavior in the 
Sitkalidak (Kodiak) area will be examined for consistency 
of behavior patterns. 

C. References 

1. Gnanadesikn, R. 1977. Methods for statistical data 
analysis of multivariate observations. Wiley. 

2. Guenther, W. C. 1964. Analysis of variance. Prentice
Hall. 

3. Patten, B. C. 1976. Systems analysis and simulation in 
Ecology. Volumes 1-4. Academic Press. 

4. Pinkas, L., M. S. Oliphant and J. K. Iverson. 1971. 
Food habits of albacore, bluefin tuna and bonito in 
California waters. Calif. Dept. Fish and Game, Fish. 
Bull. 152:1-105. 

5. Rao, C. R. 1973. Linear statistical inference and its 
applications. Wiley. 

6. Sokal, R. R. and F. J. Rohlf. 1969. Biometry. Freeman. 

IX. DELIVERABLE PRODUCTS 

A. Digital Data 

1. Colony Studies 

Data on breeding biology is presently available in three forms: 
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final report. Depending on the specific needs of BLM, i.e. what 
details they want in the overlays, we anticipate generating a 
minimum of 15 to 20 oyerlays up to a maximum of 100. The 
overlays will show foraging areas on the east coast of Kodiak, in 
Kachemak Bay and in the Gulf of Alaska by season depending on 
the availability of data. The locations where major prey 
species occurred in bird stomachs will be shown on the overlays. 

D. Provision of Data to other RUs 

Upon written request to us from other OCSEAP investigators, we 
will provide them with copies of our annual or final reports as 
soon ~~ they are available •. Specific data sets, in the form of 
tables or graphics, may be available sooner for distribution to 
requesting research units. 

We understand that RU 108 wil,l need certain of our data for 
their simulation model 'for the Kodiak area. These .data will 
be provided t'6 them under the general guidelines given above. 
For extensive data sets, or data requiring extraction from our 
digitized database, investigators should make their requests 
directly to the Juneau Project Office. We have neither the time 
nor the funding to provip'e this service to other RUs. 

X. QUALITY ASSURANCE PLAN 

A. Colony _Studies 

1. Only two pieces of eq~·ipment requiring ~alibr.ation are used 
in our field studies: . Pesola brand scales for weighing birds 
and Dial calipers for measuring birds. 'l;'hese pieces of 
equipment are calibrated before each field season by measur
ing known objects. 

2. Procedures used for field measurements and samples are kept 
sim~le and fully documented. This documentation includes 
the permanent marking of all study plots and habitat trans
ects with labeled stakes, paint or with carefully labeled 
photographs. The eq~.dpment used in establishing plot and 
transect boundaries include metal metric tapes, ·compasses 
and Abnee levels. Individual food samples (regurgitations 
and bill loads) are placed in separate plastic bags (whirl 
Pacs) and a complete data label is enclosed with each. This 
label contains information on: bird species, location, date, 
time, how sample was obtained, collector and special remarks. 
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bb. Discuss the feeding habits of the birds based 
on the % volume, numbers, frequency of occurrence, 
and Indices of Relative Importance of their prey. 

cc. Diagram the food webs of each species, considering 
the trophic levels, volumetric composition, and 
IRI of the prey. 

dd. Estimate consumption rates of each prey type by 
the birds. 

ee. Discuss possible implications of the birds trophic 
relationships to fish stocks. 

ff. Discuss implications to the birds of ·petroleum 
development. 

ii. "THE FEEDING HABITS OF MARINE BIRDS . IN TilE GULF OF 
ALASKA AND ADJACENT AREAS: A GENERAL SYNTHESIS OF 
INFORMATION COLLECTED DURING OSCEAP MARINE BIRD STUDIES", 
by Sanger, Krasnow and Wiswar. 

C. Visual Data 

This report will provide a general synthesis of information 
on the feeding habits of marine birds in the Gulf of 
Alaska, and adjacent areas, particularly the Bristol Bay 
and St. George Basin lease areas in the eastern Bering 
Sea. It will take a "species account" approach synthe
sizing and integrating basic information from all 
areas. It will focus on species which comprise most of 
the avian numbers and/or biomass, namely: Sooty Shearwater, 
Short-tailed Shearwater, Pelagic Cormorant, Oldsquaw, 
White-winged Scoter, Glaucous-winged Gull, Black-legged 
Kittiwake, Common Murre, Thick-billed Murre, Pigeon 
Guillemot, Tufted Puffin and Marbled Murrelet •. Time 
allowing, other species will be covered. 

1. Colony Studies 

There will be no visual data products other than those included in 
the annual and final reports. 

2. Trophic Studies 

As required by BLM, some of the trophies data will be presented 
on Mylar film overlays in addition to their incorporation in the 

837 



Observational data are kept in rite-in-the-rain notebooks and 
carefully labeled as to time date, observer, conditions and 
methods. 

3. Observational data are sorted and collated in the office by 
the qualified biologist who made the observations. 

4. No special processing or analysis techniques are used other 
than those described in section VIII of this technical proposal. 
All digital data will be processed by use of a Texas Instrument's 
Model 771 "Intelligent Terminal" system. This provides for 
immediate visual and mechanical verification of entered data. 
If time and money are available under RU 527 (Hal Petersen) 
we suggest that a final computer check program be written 
and implemented as a final verification process for record 
type 135 data. 

B. Trophic Studies 

Food samples collected in our study on Chisik Island will be 
sorted, weighed, measured and identified in the field. Question
able identifications will be sent to specialists for verification. 

·Several specimens of gammarid amphiphods from Oldsquaws collected 
in our winter Kachemak Bay study remain to be identified. Sanger 
will identify these as completely as possible (he has had two 
years experience in the taxonomy of amphipods) and have the 
identifications verified by other specialists at the University 
of Alaska Marine Sorting Center or the U.S. National Museum. 

Since there will be no comprehensive field sampling program on 
trophies beyond the effort on Chisik Island, there will be no 
routine analyses and processing of samples in the laboratory. 

We will continue to curate our collection of taxonomic reference 
(voucher) specimens and prepare a representative collection for 
submission to the California Academy of Sciences. 

XI. VOUCHER SPECIMEN ARCHIVAL PLAN 

The trophies section of RU 341 established a taxonomic reference 
collection of the prey and potential prey of marine birds at the 
beginning of the project in 1975. The collection has increased in 
size and diversity as we acquired specimens and their identifiable 
parts from bird stomachs, other researchers and direct sampling. 
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A representative collection of voucher specimens to be reported 
in our File Type 031 database will be assembled and forwarded 
to the California Academy of Sciences when a mutually agreeable 
submission schedule has been established. 

XII. LOGISTICS REQUIREMENTS 

We will not require logistic support during FY 79. 

XIII. ANTICIPATED PROBLEMS 

At this point in time it is difficult to assess how long it will 
take to transcribe, digitize, verify and submit digital data, 
especially for the 135 format. October 1, 1979 is probably 
a realistic completion date, but should we encounter any major 
problems it might take longer. The October 1 date, for example, 

.is based on our having the Texas Instrument's "Intelligent 
Terminal" system in operation by mid-January. 

XIV. INFORMATION REQUIRED FROM OTHER INVESTIGATORS: 

This work will continue to support and be a part of the integrated 
ecosystem studies in Kodiak and Lower Cook Inlet. Both informally 
and within formal channels of data exchange set up by the ~uneau 
Project Office, we will continue to require information on the 
descriptive physical oceanography, and the distribution, abundance 
and trophic relationships of marine mammals, pelagic and demersal 
fishes, zooplankton and the benthos of Kodiak and Lower Cook Inlet. 

XV. MANAGEMENT PLAN 

The project will be managed by the three Principal Investigators, 
Dr. Calvin Lensink, Dr. Patrick Gould and Mr. Gerald Sanger. There 
will necessarily be a degree of overlap in responsibility and 
function~; but Lensink will be responsible for the overall adminis
trative and technical direct.ion. Gould will supervise and direct 
the breeding biology studies and related data analysis. Sanger 
will supervise the analysis of feeding ecology and trophies data 
and the curating of the collection of voucher specimens. Under the 
guidance of the Pis, Field Study Leaders will be responsible-for 
analysis of data and report preparation of their particular phase 
of the overall project. · 
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An Activity/Milestone/Data Management Chart is provided in Table 3. 

XVI. OUTLOOK 

Data fr.om ·the FY 79 Chisik Island field work will not be analyzed 
in time for inclusion in the Final Report. A special addendum 
report could be completed for 1979 Chisik breeding biology studies 
by February 1, 1980, at a FY 80 cost of about $35,000. This would 
include data processing as well as analysis and report preparation. 

A total of 10 colony areas have been studied more or less intensively 
in the Gulf of Alaska since 1976. These include by area: 

Northeast Gulf 

Hinchinbrook Entrance 
Middleton Island 
Wooded Islands 

Lower Cook Inlet 

Barren Islands 
Chisik Island 

Kodiak and the Alaska Peninsula 

Chiniak Bay 
Semidis Islands 
Sitkalidak Island 
Ugaiushak Island 
Shumagin Islands 

1976 

X 

X 

X 

X 

X 

X 

X 

X 

x - Funded by OCSEAP; * - Funded by FWS 

1977 

* 
X 

* 

X 

X 

X 

X 

1978 

* 
X 

* 
X 

X 

* 
X 

1979 

X 

X 

X 

Although these studies cover a relatively small sample of the several 
hundreds of colonies within the region, they are perhaps adequately 
representative of conditions which have existed for several key 
species. A major conclusion from the studies is that there is a 
very large variation in reproductive success. The variation tends 
to be synchronized throughout the Gulf of Alaska and is apparently also 
influenced by local conditions as much of the variation occurs both 
within and between regions. 
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The uncertainties which remain relate to interpretation of this 
significant variation which is of major importance to prediction 
of long-term impacts from petroleum develqpment on the Outer Con
tinental Shelf. 

These uncertainties are caused primarily by: 

o Lack ·of long~ter:m. studies necessary .to .evaluate 
. 1 the degree, nature and causes of annual variation. 

o Inadequate geographic continuity of effort; . 
although 8 areas ·were. studied in 19~6, 7 in 1977, 
4 in 1978, and 3 in 1979, only 4 sites wtll have.· 
been studied intensively for as long as three years. 

o +nadequate integration, with other disciplines, 
particularly in 1g76 and 1977. 

Although funding will not permit continuation of a desirable number 
of intensive studies, this lack could be partially mitigated by 
annual monitoring of a relatively few parameters' on each colony 
where intensive effort is terminated. Although logistically 
difficult, such effort would substantially increase pr'edictive ' 
understanding of annual and geographic variation in populations 
and production. 

Because variations in distribution and productivity of marine 'birds 
are probably tied closely with the kinds and availability of prey, 
it will be important to continue to monitor the feeding habits 
and trophic relationships of the birds in each area. · 

Through the integrated ecosystem studies in Kodiak and Lower Cook. 
Inlet, .we have just begun to understand the relationships between 
birds and the rest of the ecosystems. Therefore, it'will be 
important that work on marine .birds continue to b~ included in 'any 
future inter-disciplinary studies and that such studies consider 
more·. carefully all species and size classes of prey used by birds 
or other top carnivores. 

\ 

XVII. STANDAI{D STATEMENTS 

1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year '.s 

. data will be submitted to t~e Project Office upon request 
be ·used to arrive fit a result. or product.~ 

841 



2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract year to be in OCSEAP 
hands by the first day of January, July, and October, 
Annual Reports by April 1. The Final Report will be 
submitted within 90 days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held; and shipped to an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. Vouchering will include life history stages 
(e.g., 'larvae, juveniles, adults) when these are used, and 
sexes where these are morphologically distinguishable. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the 
contract year to review prbj ect status and progress. 'such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. -It is understood that costs of the travel 
and per diem for these trips will b~ borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OSCEAP, accompanied by a data documentation form (NOAA 24-13). 

6. Data will be submitted within 120 days of the completion of 
a cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be sub.rritted to the P{oject Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending dispositiort at contract 
expiration. New equipment purchased will be reported 
quarterly and inventori~d annually. The PI will maintain 
inventories of all expendable and non expendable equipment 
purchased with OCSEAP funds. Information should be recorded 
as shown on form CD-281, "Report of Government Property in 
Possession of Contractor" copy attached. Updated copies of 
these inventories will be submitted quarterly. 
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9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
material developed under OSCEAP >:funds will be submitted 
to the appropriate Project Office at least sixty (60) 
days prior to release, for information and for forwarding 
to BLM. The release of such material within a·period of 
less than sixty (60) days shall be made only with prior 
written consent of the Project Office. News releases will 
first be cleared with the appropriate Project Office~ 

10. All publications and presentations of material developed 
under OSCEAP funds will acknowledge BLM/OCSEAP.sponsorship. 
The following acknowledgment is .standard: 

"This study was supported by the Bureau of Land 
Management through interagency agreement with 
the National Oceanic and Atmospheric Adminis
tration, under which a multi-year program re
sponding to needs of petroleum development of 
the Alaskan continental shelf is managed by 
the Outer Continental Shelf Environmental 
Assessment Program (OCSEAP) Office." 
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TABLE 1. Basic Data Base for Marine Bird Colony Studies. 

SPECIES )OPULATION CHRONOLOGY PRODUCTIVITY GROWTH FOOD HABITAT 

MIDDLETON ISLAND 
Pelagic Cormorant sa 8 8 8 8 
Red-faced Cormorant 8 8 
'Common Eider 
Black Oystercatcher 8 8 
Glaucous-winged Gull 8 8 8 8 
Mew Gull 
Black-l~gged Kittiwake 8 8 8 8 8 8 
Arctic Tern 
Aleutian Tern -
Common Murre 8 8 8 8 
Pigeon Guillemot 
Horned Puffin 
Tufted Puff:)..n 8 8 8 8 8 
Rhinoceros Auklet 8 8 8 8 

00 
.j::--
.j::-- CHISIK ISLAND 

Pelagic Cormorant 
Red-faced Cormorant -
Com1non Eider 8 8 8 8 
Black Oystercatcher 8 8 8 8 
Glaucous~winged Gull 8 ~ 8 
Mew Gull 
Black-legged Kittiwake 8 8 8 '8 8 8 
Arctic Tern 
Aleutian Tern 
Colnmon Murre 8 8 8 
Pigeon Guillemot 
Horned Puffin 8 8 8 8 8 8 
Tufted Puffin 
Rhinoceros Auklet 
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TABLE 1. Basic Data Base for Marine Bird Colony Studies (continued). 

SPECIES POPULATION CHRONOLOGY PRODUCTIVITY GROWTH FOOD HABITAT 

SITKALIDAK STRAIT 
Pelagic Cormorant 7~8 7,8 7 7 
Red-faced Cormorant 7,8 7,8 7 7 
Common · Eider 
Black Oystercatcher 
Glaucous-winged Gull 7,8 7,8 7,8 7,8 7,8 7,8 
Mew Gull 
Black-legged Kittiwake 7,8 7,8 7,8 7 ,8, 7,8 7,8 
Arctic Tern 7,8 7,8 7,8 7 8 ' . 

7,8 7-,8 
Aleutian Tern 7,8 7,8 7,8 7,8 7,8 7,8 
Common Murre 
Pigeon Guillemot 
Horned Puffin 
Tufted Puffin 7,8 7~8 7,8 7,8 7,8 7,8 
Rhinoceros Auklet 

.00 CHINIAK BAY +:--
1.11 Pelagic Cormorant 5,7,8 5,7,8 7,8 5,7,8 

Red-faced Cormorant 5,7,8 7,8 7,8 5,7,8 
Cotmnon Eider 7,8 7,8 7,8 5,7,8 
Black Oystercatcher 5,7,8 7,8 7,8 5,7,8 
Glaucous-winged Gull 5,7,8 5,7,8 7,8 5,7,8 
Mew Gull 5,7,8 7,8 7,8 5,7,8 
Black-legged Kittiwake 5,7,8 5,7,8 7,8 8 5,7,8 
Arctic Tern 5,7,8 7,8 7,8 5,7,8 
Aleutian Tern 5,7,8 7,8 7,8 5,7,8 
Cotmnon Murre 5,7,8 
Pigeon Guillemot 5 5,7 5 
Horned Puffin 5 5,7 5 
Tufted Puffin 5 5,7,8 7,8 8 5,7,8 
Rhinoceros Auklet 8 8 

--------------------
a: 5 = 1975; 7 = 1977, 8 = 1978 



TABLE 2. DIGITAL DATA PRODUCTS SCHEDULE 

Data Type 
(i.e. Intertidal, 
Uerithic Organisms, 
etc.) 

Hedin 
(Cards, cod
ing sheets, 
to. pes, disks) 

Breeding Biology Magnetic 
Studies Tape . 

Marine Bird 
Specimen and 
Feeding Studies 

Seawatch 
Studies 

Magnetic 
Tape 

Magnetic 
Tape 

Estimated 
Volume 
(Volume of 
processed data) 

2-4 tapes 
(ca. 10,()()().. 
25,000 cards) 

4 tapes 
'(ca. 2.5,000 
·cards) 

2 tapes 
(ca. 32,000 
cards) 

OCSEAP 
Format 
(If known) 

135 

031 

038 

Collection 
Period Submission 

Processing and 
Formating done 
by Project 
(Yes or.No) (Month/Year to Month/Year) (Honth/Year) 

Don~ by PI 

Done by P~ 

P8J:-t (lone by 
PI 

04/76 to 09/78 

06/75 to 08/78 

.D4/76 to 09/76 

09/79 

04/79 

o4/79 
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TABLE 3. Major Milestones. 

RU: 341 PI'S: Lensink, Gould, Sanger 0 = planned completion date 
X = actual completion date 

1978 1979 
MAJOR MILESTONES 0 N D J F M A M J J A s 0 

Annual Reports (Colony & Trophics) •••••••••••••••••••••••••••••• x 
Quarterly Reports (Colony) •.•.•....••.••...•.•....•.•.• x ........ x ........ x ........ x 
Quarterly Reports (Trophics) ••••••••••••••••••••••••••• x ........ x ........ x 
Chisik Island Field Work . ..................................................•... . X 
Digital Data (Colony) ••••••••.•••••• 
Digital Data (Seawatches ••••••••••. 

............................... 
. •••••.•.•.•• ·• .••• 0 

. ........ . 0 

Digital Data 
Final Report 
Final Report 
Final 
Final 

Report 
Report 

(Trop.hics) ................. . .................. 0 
(Colony) ............ ~ ....................... . . ...... 0 
(Kachemak Bay Trophies) • • • • • • • • • • • • • • • • • • • • • • • •.•••••••• 0 
(Kodiak Island Trophics) ..•..•........••.•.....•............•....• o 
(Gulf of Alaska Trophies) ..............•....... a ••••••••••••••••••• 0 

~· ~ -. 
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