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Table I 

Classification of Research Units as to Tasks 

Data 
A c D E F Management 
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431 530 
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549 
557 

Work Statements are arranged in numerical order according to research 
unit number, beginning on page 1. 
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Table II 

Distribution of Research Units in Lease Areas 

Lower 
Bristol ·chukchi Cook Non-Site 

_Aleutians Beaufort Bay Sea. Kodiak Inlet NEGOA Norton St. George·. Specific 

16 6 67 59 5 3 5 5 16 43 
67 29 77 69 59 5 68 19 77 71 
68 69 141 87 68 29 78 69 83 72 

138 87 194 88 78 48 138 87 108 73 
217 88 232 172 138 138 140 88 141 96 
289 91 248 196 140 152 210 152 194 389 
337 98 257 230 194 153 212 153 196 423 

105 267 232 217 162 217 162 206 454 
162 289 248 229 190 229 194 230 499 
172 337 253 243 194 243 196 232 500 
190 435 257' 251 229 289 208 248 537 
196 556 267 289 243 337 230 257 549 
204 271 290 251 341 232 289 557 
205 289 327 267 367 237 ~337 
230 337 332 275 417 248 427 

<i 232 356 337 289 481 257 435 I-'• 
I-'• 248 359 341 290 267 556 

250 427 367 327 275 
253 460 480 341 289 
257 473 506 367 290 
265 483 417 337 
267 516 424 427 
271 536 425 429 
275 541 430 430 
289 480 431 
290 512 435 
337 480 
341 483 
356 541 
359 
467 
473 
516 
519 
526 
529 
530 
531 
536 
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TECHNICAL PROPOSAL 

I. Title: Identification, documentation and delineation of coastal 
migratory.bird habitat in Alaska. 

Avifauna! investigations of the Walrus Islands and Kamishak Bay. 

Research Unit #3 

Contract No. 03-5-022-69 

Proposed Dates of Contract: October 1, 1977 to September 30, 1978. 

'II. Principal Investigator: Paul D. Arneson 

III. Cost of Proposal: 

Total: $71,000 

Distribution of Effort 
50% (winter) Lower Cook Inlet (Kamishak Bay) 
50% (summer) Bristol Bay (Walrus Islands) 

IV. Background: 

Seabird populations breeding in the Walrus Islands number approximately 
1,000,000 birds. The largest colony is on North Twin Island with 
an estimated 535,000 birds. None of these colonies have been 
closely scrutinized from the ground. Bird populations on the 
islands will be a good indicator of environmental degradation by 
future oil and gas developme~t in the Bri~tol Bay area. Studies 
would complement those of Geprge Hunt, RU #83, in the Pribilof 
Islands and previous studies at Cape Peirce. 

Past bird surveys and research in Lower Cook Inlet have not documented 
bird use of a possible "null zone" south of Augustine Island in 
Kamishak Bay. Previously RU #3 obtained infonnation only on nearshore 
bird use. It has been detennined that Kamishak Bay will likely 
serve as a repository for oil pollution in Cook Inlet. It is 
therefore important to detennine bird use of the area prior to oil 
development. Winter is the season when the least bird research is 
conducted and yet can be quite critical to bird. populations. Ice 
can concentrate and contain birds and oil causing greater potential 
for disaster to bird populations. Also, weather in winter is more inclement, 
increasing probabilities of oil pollution. This study would be 
tied in with any oceanographic research in Kamishak Bay plus those 
projects sampling food organisms of birds. This would help determine 
the reason for specific bird distributions as found in aerial bird 

·surveys. 
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V. Objectives: ** 
Walrus Islands 

1. To determine phenology of events from arrival to departure of 
birds. 

2. To determine the distribution and abundance of birds. 
3. To obtain baseline information on reproductive biology of 

birds. 
4. To describe habitat utilization during' the breeding season. 
5. To obtain food habit and foraging distance information. 

Kamishak Bay, Lower Cook Inlet 
1. To determine the winter distribution and abundance of marine 

birds in relation to ice conditions and other environmental 
parameters. 

VI. Approach: * 
Walrus Islands 

The field season will be initiated in late April or May to determine. 
arrival dates of seabirds to their colonies. Birds distribution 
and habitat utilization will be determined prior to nesting. As 
nesting commences, dates of nest initiation, clutch size, hatching 
success and fledging success will be determined. 

Concurrently, sea watches and transects by raft will be conducted. 
to determine distribution and foraging areas of birds of the Walrus 
Islands. If possible, radial transects could be flown to determine 
foraging distances from the colonies. Food habits of seabirdp will 
be determined by collecting selected individuals or by direct 
observation on the breeding grounds or at the nest site. Various 
other parameters will be recorded including we~ther conditions, 
plant species composition of the colonies, and beached bird information. 

Kamishak Bay-Lower Cook Inlet 

Aerial surveys will be utilized to determine winter bird distribution 
and abundance in Kamishak Bay. Because cost prohibits use of 
aircraft equipped with global navigation systems, line of sight 
transects will be conducted. Partial shoreline or ic,e edge surveys 
will be conducted between transects and also from the Forelands 
down to Kamishak~Kachemak Bays. 

Ice conditions will be noted and bird numbers by species will be 
recorded. The birds' distribution in relation to prevailing ice 
conditions will be assessed. 

VII. Sampling Methods: * 
Walrus Islands 

Observations will commence at about the time birds first arrive 
on the study area. Dates will be recorded as each new species 
arrives. ·sea watches will be conducted on a regular basis to 
determine the magnitude of migration in the area. The specific 
colony or colonies to be studied in detail will be determined after 
a.preliminary reconnaissance to the area this sununer. 

* See Amendment 1 
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At the study colonies, dates of nest initiation for each species, 
clutch size, hatching success, fledging success and departure dates 
will be determined. Methods used will be the same as those used by 
other OCSEAP P.I.'s so that data is directly comparable. 

Kamishak Bay-Lower Cook Inlet 

Transects conducted in Lower Cook Inlet will be of standard width 
(100 or 200 meters on each side of the aircraft) and of known 
length so that area and therefore densities of birds will be determined. 
Birds' location in relation to ice flows and the possible gyre 
south of Augustine will be recorded. 

The first survey will be conducted at the start of severe weather. 
Two more sampling periods will be conducted as winter progresses 
and a final survey will be flown at winter's end. Changes in bird 
distribution as a result of changes in ice conditions will therefore 
be determined. 

VIII.Methods of Analysis 

Data from the bird colony study will be analyzed similarly to other 
OCSEAP colony studies. Tables of breeding biology information and 
chronology of bird movements will be prepared. Maps of nest locations 
and general bird distribution and foraging areas will be presented. 

For the Kamishak Bay study, species lists with bird densities and 
their locations will be prepared. 

No statistical analysis is anticipated. 

IX. Anticipated Problems: * 
Not having ready access to colonies best suited for study may pose 
the biggest problem. The largest colonies are on the Twins and 
both islands are uninhabitable. Access will be by raft from nearby 
Crooked Island but frequent inclement weather may preclude visitations 
on a regular basis. 

Extreme weather conditions (either very mild or severe) in Kamishak 
Bay will affect bird distribution and therefore bias the results of 
a one-year study. 

X. Deliverable Products:* 

A. Digital Data: 

1. Parameters checked in File Type 033, 035 and 038 on the 
following pages will be collected and submitted. 

2. List of digital products. See attached Data Products 
Schedule. 

B. Narrative Reports: 

I will attempt to publish a report on general bird distribution 
of the Walrus Islands. 

* See Amendment 1 
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C & D. Visual Data and other Non-Digital Data: 

No additional visual material other than what appears in 
required reports is anticipated. 

E. Data Submission Schedule: 

Data will be submitted within 90 days of the collection as per 
the attacped Milestone Chart. Data submissions will be for 
four aerial surveys in Lower Cook Inlet and one after the 
summer field season in the Wal~us Islands. 

XI. Information Required from Other Investigators: 

No data from other investigators is essential for the completion of 
my task. Arrangements will be made to procure data of use as 
background information for the project. 

XII. Quality Assurance Plans: 

Well in advance of any field work contact will be made with other 
OCSEAP investigators (particularly Hunt RU#83, and Lensink/Bartonek 
RU #337 and 341) to be certain techniques used will be identical. 
Few intricate scientific instruments needing absolute accuracy are 
anticipated. Instruments purchased will be of high quality and 
tested for accuracy. 

XIII.Special Sample Plans: 

Approximately 150 samples (largely stomach contents) will be 
collected and sorted in alcohol at the Alaska Dept. Fish and Game, 
Anchorage. 

XIV. Logistic Requirements: * 

See attached forms. 

XV. Management Plan: 

All proposed work will be under direct superv1s1on of the principal 
investigator, Paul Arneson. He will be responsible for bird surveys 
in Lower Cook Inlet and the bird colony project in Walrus Islands. 

Qualified temporary field assistants and other personnel of the J 
Alaska Department of Fish and Game will help with data gathering 
and transcription and laboratory analysis. 

The principal investigator will be reaponsible for writing quarterly, 
annual and final reports and for data submission in EDS format. 
Data from surveys should be transcribed and keypunched within 60-90 
days after the completion of each survey. 

See attached milestone chart for activity schedule. 

* See Amendment 1 
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XVI. Outlook: 

XVII. 

As has been proven by past OCSEAP bird colony studies, much variation 
in bird productivity occurs from year to year. To determine baseline 
information about a given colony, sites should be studied a minimum 
of two years and preferably more to document natural, annual variation 
in productivity and mortality. To fully assess banded bird information 
(including recolonization), a several year study is necessary. 
Final results would include year to year comparisons prior to oil 
and gas development. Milestones would be identical to those of the 
proposed FY 78 project. Costs would be comparable to FY 78 because 
the increase in salaries and operational costs would be offset by 
less need for equipment monies. No additional major equipment is 
anticipated unless replacements are necessary. Logistics requirements 
would also be similar to those of FY 78 unless more radial aerial 
transects were necessary to determine foraging distances. 

A comparison of two or more year's data would also be beneficial in 
determining bird use of the "null" zone of Kamishak Bay and Lower 
Cook Inlet because of suspected large yearly differences. Milestones 
would be identidal to FY 78 while costs would slig9tly increase due 
to increased salaries and aircraft charter rates. Logistics requirements 
would be similar to FY 78. 

1. 

2. 

3. 

4. 

The following statements will be adhered to: 

Updated Activity/Milestone/Data Management Charts will be 
submitted quarterly. 

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. 

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 ari 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. 

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 an~ 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 3 month data collection period, unless a written 
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7. 

waiver has been received from the Project Office. This does 
not apply to report requirements (see par. 2). 

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. 

9. Three (3) copies 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 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 
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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File Type 033 - Marine Birds - Ship/Aircraft Census 

V'Common to all records 
.....-file Type 
~ile Identifier 
VRecord Type 
vrstation Number 

Record Type '1' - Location 
~Geographic Position (Start and End) 
~ate/Time/Elapsed Time /Time Zone 
"""5peed/Course/Distance ~lade Good 
~Height above Sea Surface 
~Platform Type (code) 
~ampling Technique (code) 

Ship Activity (code) 
~hotos Taken (code) 
~idth of Transect (code) 

Angle of Vie\~ (code) 
~bservation Condition (code) 

\1/atch Type (code) 

Record Type '2' - Environmental Data 
v·"Water Depth 

Surface Temperature/Salinity 
Thermocline/Secchi Deoths 
Humidity/Pressure · 

v1'iind/Sea State (cOOP-S) 
.....,weather (codes) 

l~ater Color (code) 
~Sun/Glare/Visibility/Light Level (codes) 

Moon Phase 
~ide Information 
~Distance to Shoreline/Shelf 
~Debris Present (code) 

Record Type '3' -.Ice 
~Ice ·characteristics in Transect (codes) 
..,...." 11 outside Transect (codes) 
....-1Jpen Water Information (codes) 
~isible Ice Characteristics/Locations (codes) 

Arctic Cod Observed (code) 
-~ ce Algae (code) 
f>lammal Trace (code) 
Percent l\ate1· vs Land Cove1·ed 
Size. of ponds 

9 

Record Type '4' ~Text 
'····"Text 
V"Scqucnce Number 

Record Type '5 1 
- Data 

~ime of Observation 
~ODC Taxonomic Code/ 
~ubspecics/Species Group 

(codes) 
~ge/Sex (codes) 
,.....eolor/Plumage/Molt (codes) 
V'Number of Individuals 
VCounting Method/Reliability 

(codes) 
Distance/Direction Measure
ment and other lnformati on 
(codes) 

Direction of Flight (code) 
Type of Associatibn/ 

Linkage (codes) 
..,....-Number of Species 
~ehavior (code) 
,....Special Marks/Condition 

(codes) 
Food Source Association 

(code) 
NODC Taxonomic Code-Food 
Species 

VDebris/Oil Present (codes) 
Distance to Nearest Breedin~ 

Colony 
~abitat (code) 
VSequence Number 
~ubstrate (code) 
.-.cover (code) 



i/11 
File Type 035 - Bird Colony Data 

~ommon to all records 
\.---file Type 
~ile Identifier 
V:Record Type 
.,.Station !\amber 
.....Sequence Number 

~ecord Type 'A' - Header 
VGeographic Positon 
...-oate/Time 
~hotos Taken (code) 

~ecord Type 'B' - Environmental 
~ample Date/Time 
~ind/Sea State (codes) 
~eather (codes) 
L-¥isibility (code) 
~ide Information (code) 
a....-snow Depth (code} 
~ir Temperature 

~ecord Type 'C' - Text 
.......,Text 

~ecord Type 'D' - Flat Habitat 
~ODC Taxonomic Code 
~Substrata (code) 
~abitat (codes) 

Data 

~est ~feasurement and Location 
Data (codes) 

~istance To Nearest Neighbor 
Soil Sample Taken (codes) 
Percent Nitrogen/Organics 

~umber of ~lant Species 
~egetation Sample Taken (code) 

Nest ~faterial Taken (code) 
~redator (code) 

VRecord Type 'E' - Cliff Habitat 
~ODC Taxonomic Code 
VSubstrata (code) 
vt-Iabitat (code) 
~edge Descriptions 
~liff Exposure (code) 

VNurabcr of Other Species 
..-Predator (code) 

~ecord Type 'F' - Clutch 
VSample Date/Time 
'-'NOUC Taxonomic(code) 
~tation Type (code) 
~umber of fg~s/~hicks/Adults 
~gg/Chick f\iortality Cause (code) 
~umber of Incubators 
~umber of Nests 
~dult Activity (code) 

· V'Nest Condition (code) 
~umber of Adult Pairs 
~~--Number of Non-breeding Birds 

(..;Record Type .' G' - Egg and Chick 
...,..aevelopment 

v Sample Date/Time 
~ODC Taxonomic Code 
~Egg Number/Weight 
6..-Endo - and Ectoparasites. (codes) 
~gg/Chick ~1orality Cause (code) 
jj,ooo(hick Number 
~!!£hick \\'eight Before/After Food 

Sample 
~ood Sample Number 
........-Band Number 
vl~ing Length 
. .,...-Estimated Date Laid 
~stimated Date Hatched 
,..Culmen Length 
,..:rarsus Length 

~ecord Type 'H' - Specimen 
~ample Date/Time 
~ODC Taxonomic Code 
~ex/Age Class (code) 
~Food Present (codes) 
~ood Sample Numhc-r 
~ndo - and Ectoparasites (codes) 
&.-fionad Size 
.....-Body Weight 

~Nest· f.feasurement and Location Data 
(codes) 

'-"Fat Classification (code) 
VStcrnum Lenr,th 
"'Gross Ahn.Ol'lltali ties (code) 
....-Lab Sample (code) V"'bistance to Nearest Neighbor 

.,...-EDS Taxonomic Code for Neighbor 

10 



File Type 035 (cont.) 

. Vlfecord Type. 'J 1 
- Food 

~ample ·Date/Time 
~DC Taxonomic Code - SpecieS: · 
~9od Sample Number 
~ODC Taxonomic Code - Food Sample 
~ood Sample Sour€e (code) 
~at~rial (code) 
&-'Food Quantity f\~et and Dry Weight/ 

Volume· 
~epreseritative Length 

. ·'' 
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Format Type 038 - Bird Sea Watch 

~ammon to all records 
a.- Fi 1 e type 
~ile Identifier 
.....-Record Type 
~tation Number (1~2,3,4,C) 
~equence Number (1,2,3,4) 
L'Specimen Number (A thru L, except C) 

VRecord Type "1 11 
- St.ati on Header 

~Latitude and Longitude 
~istance from Shore 
~latform Type 
~ampling Technique 
~eight Above Water 
~cope Bearing 

vRecord Type "2 11 
- Text 

~ext-alphanumeric information 

~ecord Type "3" - Detail 
~bservation Start 
~lapsed Time 
J'faxonomic Code 
r.;8ubspecies Code 
~-peci es Group Ax 1 e 
~ge, Color, Sex 
~olor phase, pl ummage, mo]t 
~umber of individuals 
~ounting Method and Reliability 
~ire~tions of flight 
.......,.echnique 
V'T3ehavior 
·~umber of species 
vtinkage 

vRecord Type 114" - Sea Watch 
~resent weather 
..4ide trend 
v'fi de height 
~ea State 

VRecord Type 11A" - Location 
~atitude and Longitude 
~ate/Time and Zone 

t,...1{ecord Type "B" - Environmental Record Type 
~ir and Sea Surface Temperature 
~ind direction and speed 
~resent weather 
~arometric pressure 
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Record Type "C" - Ice 
In and outside transect 
--coverage, type, form, 

relief, thickness, & melt 
Open water--type, direction 

and distance · 
lead or polynya width. 
Visible Ice--description, 

direction, and.. distance 
Arctic Cod observaton 
Excess sediment 
Ice Algae Layer 
Mammal Trace 

V'Record Type "0 11 
- Field Data 

~axonomic Code 
~ollection method 
.......tli spas i ti on 
~ex, Age, Color Phase 
vPlumage 
..,..Brood Patch 
~eta Parisites 
~ood sample origin and 

preservation method 
....,.Behavior 
~ollection,Site habitat 
..._..Micro-environment 
...,.Oistance to tide line 
....-Prey sampling 
~umber of species 
vL inkage 
~ccession number 
~SFWS Catalog Values 
~ext type 

VRecord Type "E 11 
- Meristic Data 

V"Diagonal Tarsus 
J,;"'Expos ed Cu 1 men 
vBill Width 
~ight Wing Length 
.....-Bursa Length 
~otal Width and Length 
VType 
~~ry, Fat Free and Viscera . 

Weights 
vtargest Gonad 
...-Fat 

.,-Record Type "F" - Text record 
~ext - alphanumeric info 



' 

! I 

Format Type 038 - Bird Sea Watch 

~ammon to all records 
&.-File type 
~ile Identifier 
'-'"'Record Type 
~tation Number (1,2,3,4,C) 
~equence Number (1,2,3,4) 
~pecimen Number (A thru L, except C) 

VRecord Type 11 1" - Station Header 
~Latitude and Longitude 
~istance from Shore 
VPlatform Type 
~ampling Technique 
~eight Above Water 
lrScope Bearing 

vRecord Type "2 11 
- Text 

~ext-alphanumeric information 

~ecord Type "3" - Detail 
~bservation Start 
~lapsed Time 
J'Taxonomic Code 
~ubspecies Code 
~pecies Group Axle 
~ge, Color, Sex 
~a lor phase, pl ummage, mo.lt 
~umber of individuals 
~ounting Method and Reliability 
~ire~tions of flight 
Vfechnique 
V't3ehavior 
~umber of species 
vi. i nkage 

vRecord Type 11411 
- Sea Watch 

~resent weather 
v'fi de trend 
Vfide height 
.,Sea State 

.,..-Record Type "A" - Location 
~atitude and Longitude 
~ate/Time and Zone 

vRecord Type 11 B11 
- Environmental Record Type 

~ir and Sea Surface Temperature 
~ind direction and speed 
~resent weather 
~arometric pressure 
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Record Type "C" - Ice 
In and outside transect 
--coverage, type, form, 

relief, thickness, & melt 
Open water--type, direction 

and distance 
Lead or polynya width 
Visible Ice--description, 

direction, and distance 
Arctic Cod observaton 
Excess sediment 
Ice Algae Layer 
Mammal Trace 

V'Record Type "D11 
- Field Data 

~axonomic Code 
~ollection method 
......tlisposition 
~ex, Age, Color Phase 
,....Plumage 
&.o--8rood Patch 
~cto Parisites 
~ood sample origin and 

preservation method 
t-Behavior 
~ollection,Site habitat 
......Mi era-environment 
~istance to tide line 
a,..--Prey samp 1 i ng 
~umber of species 
vi.. inkage 
~ccession number 
~SFWS Catalog Values 
._...;fext type 

VRecord Type "E 11 
- Meristic Data 

~iagonal Tarsus 
V'Exposed Culmen 
vBi ll Width 
~ight Wing length 
vBursa length 
~otal Width and Length 
viype 
'~ry, Fat Free and Viscera 

Weights 
vtargest Gonad 
VFat 

.,Record Type "F" - Text record 
~ext - alphanumeric info 
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,....,.'!").,,....-. '7' - rTV~"' ~n::::; ~ .. ~L .'.1•, ..... . ~ . ... . •-' 

Delineata propo;>.;:d flight: lines on a chact of th<:! 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) 

100-140 feet for all surveying 
See attached Proposed trackline for bird surveys, Lower Cook Inlet 

Describe types of observations to.be cade. 

Record bird species and numbers and environmental parameters 
-

wnat is t:he optimum time chronology of observations qn a seasonal basis and \vhat 
is the maximum allowable departure from these optimum times? (Key to chart 
prepared under Item 1 when necessary for clarification} 

Freeze-up early-late-November?, early January, late February, early April 
+ two weeks 

Ho~<~ many days of flight operations are required and how many flight hours per day? 

Total flight hours? 4.days, 6 hours/day 24 hours 
Do yC'u consider your investigation to the principal one for the flight thus 
precluding other activities or requiring other activities to piggyback or could 
you. piggyback? 

Preferably principal investigation 

What types of special equipment.are required for the aircraft (non carry-on)? 
None 

What are the weights~ dimensions , power requirements~ and installation problems 
uniq'..te to the specific equipment. 

None 

,,.h..l t: are the weights~ dimensions and power requirements of carry-on equipment?. 

1001/, 3'x3'x3' 

What: type of aircraft is best suited for the purpose? 
Twin-engine amphibious 

Do you recolil:Ilend a source for the aircraft? Yes 
If "yes" please name the source and the reason for your recommendation. 

Charlie Allen Flying Service:locally based, experienced pilot, no comparable 
aircraft in Homer. 

What is the per hour charter cost of the aircraft? 

Presently $185/hour, likely $200 in FY 78. -
Hm·1 n::~ny peokJle are required on board for each flight (exclusive of flight ere~.;)? 

Two 

.Where do you ·recomm.end that flights be staged from? 

Anchorage 
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-----.· ------ ·- -
c. .u::.cP_-\H SL-!?PO~T - HELICO?TER 
l. Delineate proposed transects and/or station scheme on a ch<J.rt of the c.rea. 

(Note: If flights are for trc.nsport of personnel or equipment only from base 
cc.mps to field camps and visa versa, chart submission is not necessary but 
origin and destination points should be listed) 

It would be convenient to transfer fuel and supplies from Surveyor to 
Crooked Island base camp via helicopter. Also, using a helicopter with 
GNS-500 would be desirable for pelagic transects to determine foraging distances. 

2. Describe types of observations to be made. 

Bird species and numbers. 

J. ~~nat is t:he optimum time chronology of observations on a seasonal basis and _what. 
is the maximum allowable departure from these optimum times? 

Mid-April for equipment caching, . early to mid-July for transects. 

4. How ;:any days of helicopter operations are required and hci,.,. many flight hours 
per day? One fo-r _transport of equipment, one for pelagic transects. 

To6tl flight hours'? 9 hours (3 for fuel drop, 6 for survey) 

5. How many people are required on board for each flight (exclusive of the pilot:)? 

Two 

6. t-:hat are the weights and dimensions of equipment or supplies to be transported? 

SOli for survey,. 500011 for fuel and equipment drop. 

7. What type of helicopter do you reconnnend for your operations and why? 

Jet Ranger - better visibility for observations. 

' B. Do you recommend a particular source for the helicopter? If "yes" please name 
the source and the reason for your recomm~ndation. 

No. 

9. What is the per hour charter cost of the helicopter? 

10. Where. do you recommend that flights be staged from? 

Bristol Bay 

ll." t.J'ill special navigation and communications be required? 

GNS-500. 

_I 
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l. Khat are your· requiremants for quarters and suhsistt:!...'1C.e in th.e field area'? 
(Thase requirements should be broken down by (a) location> (b) calendar period, 
(c) number of personnel per day and total man days per period) 

Field camp at Walrus. Islands (likely Crooked Island) 
May to ~ept, 1978 
2 person.p, 125 days 250 man-qays 

2. Do you recommend a particular source far thi.s support? If "yes" please name 
the source and the reason for your recommendation. 

3. 

Yes, we will furnish our own. 

What is your estimated per man day cost far this support at each location? 

$12 per man-day 

How 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 an estimated costs to establish and maintain a field 
camp? 

Estimated food costs. plus pro-rated field gear. 
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1. \;;.,at: special logistics problems do you anticipate under your propos<d and hm1 
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 NO.~ to solve them for you? 

Getting necessary barrels of fuel and heavy field gear onto the Walrus Islands 
likely will pose the biggest problem. It would take 4 trips of 5 hours each • 
at $250 per hour (today's price) in an Otter from King Salmon to complete the 
task. It would be preferable to have the fuel and lumber offloaded ~rom a 
NOAA vessel if one was in the vicinity prior to late April or first of May. 
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RU !/: 3 PI: Paul Arneson 
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AMENDMENT 1 

September 14, 1977 

Dr. Herbert E. Bruce 
u.s. Dept. of Commerce, NOAA 
OCS Environmental Assessment Program 
Bering Sea-Gulf of Alaska Project Office 
P.O. Box 1808 
Juneau, Alaska 99802 

Dear Herb: 

Because of the recent changes in direction and emphasis for Research 
Unit #3, the following revisions to my original work statement (dated 
June 3, 1977) are in order: 

1. Section III. Cost of Proposal 

A. Science $64,000 
B. P.I. provided logistics $ 6,000 
C.· Total $70,000 
D. Distribution of Effort 

50% Winter Bird Surveys - Lower Cook Inlet 
50% Summer Bird Colony Study - Lower Cook Inlet 

2. Section V. Objectives 

Winter Bird Surveys - Lower Cook Inlet 
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 bird distribution 
patterns. 

Bird Colony Study- Lower Cook,Inlet 

1. To determine phenology of events from arrival to departure of 
li.rds. 

2. To determine the distribution and abundance of birds. 
3. To obtain baseline information on reproductive biology of 

birds. 
4. To describe habitat utilization during the breeding season. 
5. To obtain food habit and foraging distance information. 

l 1~ 
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3. Section VI. Approach: 

Winter Bird Surveys - Lower Cook Inlet 

Aerial surveys will be utilized to determine winter bird distribution 
and abundance in Kamishak Bay. Because cost prohibits use of 
aircraft equipped with global navigation systems, line 0~ sight 
transects will be conducted. Partial shoreline or ice edge surveys 
will be conducted between transects and also from the Forelands 
down to Kamishak-Kachemak Bays. 

Ice conditions will be noted and bird numbers by species will be 
recorded. The birds' .distribution in relation to prevailing ice 
conditions will be assessed. Attempts will be made to determine 
why birds are distributed as they are--whether is is for physical 
and/or biological reasons. 

Bird Colony Study - Lower Cook Inlet 

The summer field season will be initiated in late April to determine 
arrival dates of· seabirds to their colonies. Birds' distribution. 
and habitat utilization will be determined prior to nesting. As 
nesting commences, dates of nest initiation, clutch size, hatching 
success and fledging success will be determined. · 

Concurrently, sea watches and transects by raft will be conducted 
to determine distribution and foraging areas of birds of the small 
colonies. If possible, radial transects could be done to determine 
foraging distances from the colonies. Food habits of seabirds will 
be determined by collecting selected individuals or by direct 
observation on the breeding grounds or at the nest site. Various 
other parameters will be recorded including weather conditions, 
plant species composition of the colonies, and beached bird information. 

4. Section VII. Sampling Methods: 

Winter Bird Surveys 

Transects conducted in Lower Cook Inlet will be of standard width 
(100 or 200 meters. on each side of the aircraft) and of known 
length so that area and therefore densities of birds will be 
determined. Birds' location in relation to ice flows and the 
possible gyre south of Augustine will be recorded. 

-
The first survey will be conducted at the start of severe weather • 
. Two more sampling periods will be conducted as winter progresses 
and a finai survey will be flown at winter's end. Changes in bird 
distribution as a result of changes in ice conditions will therefore 
be determined. 

Bird Colony Study - Lower Cook Inlet 

Observations will·commence at about the time birds first arrive 
on the study area. Dates.will be'recorded as each new species 
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arrives. Sea watches will be conducted on a regular basis to 
determine the magnitude of migration in the area. The specific 
colonies to be studied in detail will be determined after a preliminary 
reconnaissance of the area. 

At the study colonies, date of nest initiation for each species. 
clutch size, hatching success, fledging success and departure dates 
will be determined. Methods used will be the same as those used 
by other OCSEAP P.I.'s so that data is directly comparable. 
Colonies not previously identified t·Till be examined to determine 
species composition and abundance. 

5. Section IX. Anticipated Problems: 

6. 

Nbt having ready access to colonies best suited for study may pose the 
biggest problem. Colonies to be studied are uninhabitable and 
widely scattered. Because phenology of events is an important part 
of the study and because frequent inclement weather may prevent 
access to colonies at opportune times, gaps in the data may be 
unavoidable. 

Extreme weather conditions (either very mild or severe) during the 
winter will affect bird distribution and therefore bias the results 
of a one-year study. 

Section X. Delineab1e Products: 

A. Digital Data: See attached table. 

B. Narrative Reports: 

:Host information about the research will be presented in 
Quarterly and Annual reports. However, it is anticipated that 
a separate report on general bird distribution of Lower Cook 
Inlet will be sent to a journal for possible publication. 

Contents of narrative reports on the winter surveys will 
include a description o~ sampling techniques, results of the 
surveys by species and numbers·and their distribution and 
discussion and/or conclusions as to reasons for their specific 
distribution. 

For the small.colony study, narrative reports will contain 
techniques utilized, results of the phenology of events, 
reproductive ecology, life histories, foraging areas and 
Changes in distribtuion and the necessary discussion and/or 
amclusions about the results. 

See Attached milestone chart for data submission dates. 

C. Visual Data Products. 

A list of approximate titles of figures and tables is as 
follows: 
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Fig. 

Fig. 

Table 

Winter Bird Surveys 

Location of pelagic transects within Lower Cook 
Inlet 

Relative abundance of birds in offshore waters of 
Lower Cook Inlet 

Species composition and abundance for pelagic birds 
of Lower Cook Inlet 

Bird Colony Study 

Fig~ Location of seabird colonies of Lower Cook Inlet 

Fig. Location of seabird colonies of. Lower Cook Inlet 
that were intensively studied during this report 
period 

Table 

Table 

Table 

Breeding chronology of --~---
-on (Colony) 

Body measurements for ---
!pecies) 

Food organisms of __ _ 

(several species) 

(several 

(several species) 

Likely many more tables and figures will be present in the 
reports, but at this time it is unknown what specific information 
will be collected. 

E. Data Submission Schedule 

Data will be_ submitted to the Project Office within 120 days 
of completion of a survey. 

7. Logistics Requirements for Lower Cook Inlet Bird Colony Study 

It will be necessary to have at our disposal at all times either 
a Boston Whaler or Zodiac with which to be continually visiting 
widely separated colonies. At times we will have to be airlifted 
back and forth between Kamisfiak and Kachemak Bays to monitor colonies 
in both localities and from northern Kamishak to southern Kamishak 
Bay. To determine foraging distances ~rom the colonies, pelagic 
transects on a larger.boat could be conducted while "piggybacking" 
with other. P.I~'s. 

I assumed a craft of some kind would be available and did not budget 
for it in the Cost Proposal Form. 

There would normally be two persons travelling to each location and 
we would have approximately 250 lbs of equipment and survival gear. 
No special handling is involved. 
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Because the chronology of breeding events is to be studied on a 
variety of areas, it will be necessary to be flexible as to when 
and where we go, and therefore a craft at our disposal ~s necessary. 

It will be helpful to have gas and oil cached at various locations 
in Kamishak Bay to aid us in getting to all parts of the area. 

Herb, I believe this covers all points in your guidance letter and 
thoroughly updates the. original proposal. If more is necessary or if 
there are questions, please call me for clarification. 

Sincerely, 

' PaUl D. Arneson 
Game Biologist 
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Table 1. Limits for data parameters for file types 038, 035 and 033. 

Parameter 

Latitude 

Longitude 

Distance from shore 

Height above water 

·Elapsed time 

Number of individuals 

Air temperature 

Distance to nearest neighbor 

Number of plant species. 

Number of eggs 

Number of nests 

Number of adult pairs 

Number of·· non-breeding birds 

Egg weight 

Chcick number 

Wing length 

Culmen length 

Tarsus length 

Body weight 

Sternum length 

Food weight 

Food volume 

Water -depth 

23 

Limits 

59° 00' to 60° 30' 

'150° 30' to 154° 30' 

0-60 km 

15-61 m 

0-45 min 

1-10,000? 

-34°C to 27°C 

0-160 m 

1-75 

0-25 

1-3,000 

1-3,000 

1-5,000 

1-100 g 

1-25 

20-1000 mm 

_1-60 rom 

1-75 mm 

0-5.0 kg 

0-350 rom 

0-100 gm 

0-250 ml 

0-200 m 



N ...,.. 

Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

1. Birds - aerial 
transects 

2. Birds - aerial 
transects 

3. Birds - aerial 
transects 

4. Birds - aerial 
transects 

5. Bird colony 
Information 

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

Disks 

Disks 

Disks 

Disks 

Disks 

Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

250 records 

250 records 

250 records 

250 records 

10,000 records 

OCSEAP 
Format 
(If Known) 

033 

033 

033 

033 

033 
035 
038 

Processing and 
Formating done 
by PI 
(Yes or No) 

Yes 

Yes 

Yes 

Yes 

Yes 

Collection 
Period 
(Month/Year to Month/Year) 

Late Nov 77 

Early Jan 78 

Late Feb 78 

Late March 

April - Sept 78 

Submission 
(Month/Year) 

Jan 78 

Mar 78 

April 78 

May 78 

Dec 78 
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February 17, 1978 

Dr. Paul Becker 
NOAA/OCSEAP 
P.O. Box 1808 
Juneau, Alaska 99801 

Dear Paul: 

AMENDMENT 2 

When research in Bristol Bay was stopped for FY78, it was decided that 
RU #3 should study bird colonies in Kamishak Bay in addition to the 
winter bird surveys. After looking more closely at the situation, I 
decided it would not be feasible to study specific colonies bec~use the 
colonies are small and widely scattered (usually containing only one or 
possibly two species that could be studied) and frequent inclement 
weather would preclude the necessary daily visits to colonies. In most 
other colony studies, researchers are able to live on the colony itself 
and not rely on frequent boat operations. The situation is different in 
Kamishak where no colonies are large enough to live on. 

For these reasons I am requesting a change in research objectives for 
bird studies of Kamishak Bay. Stan Senner studying shorebirds on the 
Copper River Delta (RU #341/342, Study Task A3) has hypothesized that 
Western Sandpipers and Dunlin require an intermediate stop during spring 
migration to get sufficient fat reserves to continue migration. He has 
determined that Western Sandpipers use Fox River Flats in Kachemak Bay, 
but since Dunlin are not found there, this species may be using the wes-t 
side of Lower Cook Inlet for migration staging. Dennis Raveling, University 
of California (Davis), has also suggested that Cackling Canada Geese 
need an intermediate stop prior to their arrival on their breeding 
ground and that western Lower Cook Inlet may be providing the necessary 
staging area for this species. 

If it is true that certain waterfowl and shorebird species require a 
staging area in western Lower Cook Inlet to prepare them for their 
migration to breeding areas, the habitat they utilize would be termed 
"critical". To date I know of only one spring survey that has been 
conducted along the entire shore of western Cook Inlet, and it was at a 
time that was too late for observing most of the waterfowl migration and 
too early for peak shorebird migration. Therefore, I consider it very 
important to take a closer look at what is happening during spring 
migration on the west side of Lower Cook Inlet. As we have previously 
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Dr. Paul Becker -2- February 17, 1978 

discussed, I suggest a project to determine the magnitude of usage in 
spring by waterfowl and shorebirds, and the objectives of such a study 
would be: 
1. To determine species distribution and abundance of waterfowl and 

shorebirds in Lower Cook Inlet (west side). 
2. To determine if critical habitats exist for these species groups on. 

western Lower·Cook Inlet. 
3~ To determine periods of peak usage and duration of usage in spring 

for these species groups in western Lower Cook Inlet. 
4. To determine, if possible, food organisms utilized by these species 

groups during migration staging. 

To meet these objectives a·minimum of two aerial surveys per species
group-migration-period would be cohducted. Waterfowl should move through 
during the last two weeks of April and shorebirds the first two weeks of 
May. We will try to get advance notice of the chronology of migratjon 
from observers on the Copper River Delta and time our flights when it is 
expected that the most birds should be in the area. It will therefore 
be easier to determine which areas are used more than others. It is now 
anticipated to remain in the field between the two waterfowl and the two 
shorebird flights to gather more information on habitat usage by those 
species. There will be four flights and each should last approximately 
6 hours or 24 hours total flying time. This flying time has not been 
budgeted for and therefore it will be necessary for OCSEAP (Juneau 
Project Office) to furnish the necessary funds for flights. The only 
other cost would be food and supplies while in the field, but these 
costs would be minimal and already available. 

The enclosed Figure 1 shows the areas where the surveys will be concentrated. 
The cross-hatched areas .contain extensive intertidal habitat and will be 
the most likely areas for migration staging birds. The most suitable 
field camp would be in McNeil Cove to observe both shorebirds and waterfowl 
without using a boat. 

After these surveys, when the data is analyzed, a report would be written -
po·ssibly as a quarterly report - that would show areas of greatest usage 
and importance by appropriate figures, maps and tables. 

A second project would be initiated during summer months to gather 
information on colonies in Kamishak Bay. Objectives for this project 
are as follows: 
1. To determine species composition and abundance of marine birds on 

colonies in Kamishak Bay. 
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-coloni~l marine birds. 
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Dr. Paul Becker -3- February 17, 1978 

~o meet these objectives we will boat along the coastline from Rocky 
Cove to Shaw. Island stopping at each colony site to document what is 
present. Breeding biology information will be collected during the 
visits to the colony and colonies will be revisited a~ a later date if 
possible. These surveys will be conducted during June, July and August 
or as long as it takes to thoroughly cover the area. If possible, 
colonies in the Iniskin Bay'area that were documented in 1976 will be 
revisited to determine year to year changes in composition and abundance. 
Figure 2 depicts the area to be covered. 

It may be necessary during weather too inclement for rubber raft operations 
to be airlifted or transferred in a larger vessel (skiff or the chartered 
fishing boat) to a different spike camp site to continue the shoreline 
travel when weather permits. It is not anticipated that additional 
logistic support will be required other than that which will already be 
in the area during the summer field season. It will just mean hitching 
a ride when an aircraft or boat is available. 

At the completion of the analysis for the summer's data, a report will 
be written to show by maps, charts and tables the distribution and 
abundance of breeding marine birds, various aspects of their breeding 
biology, information on food habits, and habitat usages of marine birds. 

It has been suggested th,at Kamishak Bay will be the final trap for oil 
spilled in Lower Cook Inlet. These two projects will gather significant 
information as to what and where avian species may be affected by the 
likelyhood of a catastrophe during oil development in the region. They 
will complete definite gaps in our knowledge about bird use on the 
western side of Lower Cook Inlet, an area where little research has been 
conducted in the past. 

I look forward to conducting and completing this research since I feel 
it is important in our understanding of the total picture of what is 
happening in Lower Cook Inlet. It is significant from the standpoint of 
the birds themselves - an animal class highly susceptible to oil development -
and also to the prey organisms of birds. 

If you need any items clarified or have any questions please don't 
hesitate to ask. 

Sincerely, 

n~\ !./ ' 
- il ( !. \: ,-

Paul Arneson 
Game Biologist 

Enclosures 
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C. TECHNICAL PROPOSAL 

I. Title 

Distribution, Abundance, Community Structure, and Trophic Relationships 
of the Nearshore Benthos of the Kodiak Shelf, Cook Inlet, and Nor.theast 
Gulf of Alaska. 

Research Unit No. 5. 

II. Principal Investigator 

Dr. Howard M. Feder 

III. Cost of Proposal (FY 78) 

Total 
Kodiak Shelf 
Lower Cook Inlet 
NEGOA 

IV. Background 

$395,000 
40% 
40 
20 

A. Kodiak Shelf. The ·operations connected with oil exploration, 
production, and transportation in the vicinity of Kodiak Island present a 
wide spectrum of potential dangers to the marine environme~t there. Adverse 
effects on a marine environment cannot be assessed, or even predicted, un
less background data pertaining to the area are ·recorded prior to indus.trial 
development. Insufficient long-term information about an environment, and \ 
the basic biology of species in that environment can lead to erroneous inter
pretations 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.biolo
gical investigations in industrialized marine areas; see Lewis, i970 for 
discussion of population fluctuations of benthic invertebrates 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 and Rosenberg, 1973 for discussions on usage of 
benthic organisms for monitoring pollution). The presence of large numb.ers 
of benthic epifaunal species of actual or potential commercial importance 
(snow crab, king crab, pandalid shrimp, scallops, snails, bottom fishes) 
on the shelf ecosystem of Kodiak Island further dictates the necessity of 
understanding benthic communities there since many commercial species feed on 
infaunal and small, slow-moving epifaunal residents of the benthos (see 
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Feder et al., 1977a, 1977b; Zenkevitch, 1963 for discussions of the inter
action 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 al., 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 f;ulf of Alaska 
provide some comparable data from adjacent areas (Feder et al., 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 avail?ble 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 
lit~le hard data to permit extrapolations 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 inves
tigation 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 and Game King Crab Indexing Surveys (inquiries concern
ing these reports may be directed to Alaska Department of Fish and ~arne, 
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 information 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 al. (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 inves
tigated 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 was available from these studies 
to develop a preliminary food web for these two bays and inshore. waters 
around Kodiak Island. Feder et al. (1977b) discusses the relevance of the 
inshore benthic study in the two bays, and the Kodiak shelf in general, 
to petroleum development 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 
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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 deep and shallm..r water during the 
course of a year. Data collected for these species in inshore areas only 
will not address their biological interactions, presumably also important 
ones, in deeper shelf waters. Expansion of the data base from inshore 
to offshore waters is especially suggested in this proposal for one 
epibenthic, commercially important species, the king crab. The pursuit 
of the latter spec1es 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 stocks in past 
years showed classic exploitation patterns with a peak,year catch occurring 
in the 1965-66 season. Since that time, annual harvest levels (quotas) 
have been imposed. Recent data substantiate that king crab 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 wat.ers to the continental shelf 
edge (unpub. Alaska Department of Fish and r,ame Reports). Recent trawl 
studies conducted in two Kodiak Bays (Alitak and URak) show king crab as the 
dominant species there (Feder et at., 1977c). Alitak Bay is also a major 
king crab breeding area (Gray and Powell, 1966; Kingsbury,and James, 1971). 
The intensive king crab food study within commercial stocks II and III 
proposed here (see Objectives and Methods of this proposal) should ultimately 
help explain distribution and abundance patterns, including high commercial 
yield areas and molting and/or breeding areas. 

Based on OCSEAP feeding studies initiated in the northeast Gulf of 
Alaska (inclusive of Cook Inlet) and two bays on Kodiak Island (Feder et at., 
1977a, 1977b), it is apparent that benthic invertebrates play a major role 
in the food dynamics of commercial crab and demersal fishes of the Kodiak 
shelf. Proposed studies of relative abundance, seasonal distribution, life 
history and inter-species.relationships of nearshore fish communities in 
the Kodiak Island lease area by Blackburn and Jackson (R.U. 486) will 
examine the trophodynamic relationships within these communities. Investi
gations of this type are essential to comprehend these nearshore communities. 
Integration of the invertebrate data derived from work accomplished in the 
course of R. U. 5 >vi th fish data resulting from R. U. 486 and bird data 
resulting from R.U. 341 will markedly strengthen our understanding of the 
nearshore benthic communities in the proposed study area. 

B. Lower Cook Inlet. The operations connected with oil exploration, 
production, and transportation 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. Insuf
ficient long-term information about ~n environment, and the basic biology of 
species in that env.ironment can lead to erroneous interpretations of changes 
in species composition, abundance ano interactions that might occur if the 
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area becoilles 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 d~scussion 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 beca~se 
they tend to remain in place, typically react to long-range environmental 
changes and by their presence, generally reflect the rt~tur~ ~f substratum. 
Consequently, the organisms of the infaunal benthos have frequently been 
chosen to monitor long-tenn ·pollution effects, and are believed to reflect 
the biological health of a marine area (see Addy~ 1976; Feder et al., 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 (juve~iles and adults) of actual or potential commercial 
importanc·e (snow crab, king crab; pandalid shrimps, scallops, bottom fishes) 
in Cook Inlet (Feder et al., 1977a and draft copy of Lower Coo~ Inlet 
Synthesis Report, 1977) further dictates the necessity of understanding 
benthic communities since most of these commercial species feed on infaunal 
and small, slo~-moving epifaunal residents of the.benthos (see Feder et al., 
1977a,b; Zenke'vitch, 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 epifaunal 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 al., 1977b and D. Lees, unpub_. data and reports; draft 
copy of Lower Cook Inlet Synthesis Report, 1977). The primary data 
available were principally catch and assessment records for commercial 
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 1977-78 by Feder (R:u. 5) and Blackburn (R.U. 512) 
on relative -~bundance, seasonal distribution,_ life history and inter
s_pecies relationships of nearshore invertebrate and fish ·communities in 
.the- -inshore -(.,raters of Lower Cook Inlet will clarify some of the ecological 
intei·actions operating within these benthic assemblages. Purther, 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 expand our understanding of these species over the entire range 
of their distribution, but will closely -fntegrate the life history of these 
spe.cies with land-derived nutrient materials (river runoff w:i,th contained 
terrestrial detritus) and algal detrital derivatives. Lees (R.U. 417) 
suggests that the macrophytes of the intertidal and shallow subtidal 
regions produce materials 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 information linking the macrophyte producers to commercially 
important species has begun to emerge but that the full importance of .this 
linkage has yet to be recognized. He also points·out that many marine 
birds and mammals depend heavily on organisms living in the inshore areas 
which in turn are dependent on plant material produced by macrophytes. In 
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Lees studies of the past two years and those proposed in his R.U. 417, great 
emphasis will be placed on a,cquiring data on primary ·prod'uction of maj~r 
seaweeds from the high inter'tidal zone to a depth of 60 feet. These data 
and additional information from the proposal by Feder (R.U. 5)' sh~~ld .. 
assist in assessing the relative importance of macrophyte and terrestrial 
detrital mater.ials as food sources to the biological assemblages of the 
inshore benthos of Lower Cook Inlet. Additiortal· data collected by· diving, 
and collections taken by boat in areas.not accessible for divers will be 
used to examine the trophic dynamic processes operational in these in-
shore areas .. This data will further s~pplement the initial food studies 
reported by Lees (OCSEAP and unpub. st~dies in Cook Lnlet) and Feder et al. 
(1977;;). These studies suggested very strongly that the very abundant 
deposit_feeders in lower Cook Inlet were 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 much of this detrital input appears to be derived 
from inshore macrophytes. If the role of detrital material is to be better 
comprehended in the Cook Inlet area, studies on transfer of energy from 
detrital food sources to selected deposit feeders need to be initiated here 
as well as in NEGOA. Detrital sources and the nature of the detritus should 
be examined to evaluate the quality of the food resources available to 
deposit-feeding .species. The latter problems will he addressed by 
Larrance (R.U. 425) in a project in Lower Cook Inlet concerned with source 

_identification and variability of detrital materials. Incidental to the 
latter data, information should be gathered concerning food available to 
dominant suspension-feeding components of the nearshore areas. 

The ultimate goal, therefore, of studies in lower Cook Inlet, as in 
. NEGOA; will be the documentation of energy flow f:i·om the sediment-detrital 
system through deposit-feeding species to epifaunal scavengers and/or 
.carnivores. 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. Carhon flow and 
assimilation studies will establish ~he_ basic patterns to be expected ·, 
in healthy systems. In conjunction with the sediment-infauna energy trans
fer 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) must be obtained.. Intensive studies of the 
food of this crab are restricted to a single collection from Cook Inlet 
(Feder et al., 1977a; Paul et al., in press), and were ~onducted primarily 
to identify the frequency of occurrence of prey items used. No quantitative 
information is available. Thus, it is further suggeste!i in this proposal 
that the feeding biology and other aspects _of the biology .of major prey items 
used by the snow crab be examined. In Cook Inlet these food items have 
been identified as deposit-feeding clams, crangonid shrimps and hermit ~rabs 
(Feder et al., 1977a). Further feeding data on the abundant king crab in· 
Cook Irilet is also ~eeded (see preliminary date; in Feder et al., 1977a). 
The relationship of bottom-feeding fishes to benthic food web.s has been 
examined in Cook Inlet and a preliminary food web constructed (see F_eder 
et al., 1977a), but it is suggested in this proposal that further documenta
tion be obtained by additional frequency of occurrence and some quantitative 
data on selected species in collaboration with Blackburn (R.U. 512). 
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Exa~ination of relationships of the reproductive biology and the 
appearance of meroplankton in the overlying waters will be possible in con
junction 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 transportation 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 deve
lopment. Insufficient long-term information about an environment and the 
basic biology of species in that environment can lead to erroneous inter
pretations of changes in species composition, abundance and interactions 
that might occur when the area becomes impacted (see Nelson-Smith, 1973; 
Pearson, 1971, 1972, 1975; Rosenberg, 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 al., 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 fur.ther dictates the neces
sity of understanding benthic communities since many commercial species 
feed on infaunal and small, slow-moving epifaunal residents of the benthos 
(see Feder et al., 1977a,b; Zenkevitch, 1963 for discussions of the inter
action 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. 

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 inver
tebrate 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 use1 
to survey the shellfishes and bottomfishes on the continental shelf and 
upper continental slope of the Gulf of Alaska (Ritz 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 
southern Oregon and Northwest Alaska. Invertebrates 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 benthic biological 
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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 aZ. (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 northeast 
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 Alaksa (Feder and Mueller, 1977). 
Preliminary analysis of data from Feder et al. (1977a) ~nd Jewett and 
Feder (1976) indicates that crustaceans, molluscs and echinoderms are the 
leading invertebrate groups on the NEGOA shelf with the commercially im
portant crab, Chionoecetes bairdi, clearly dominating all other species. 
Stomach analysis of the Pacific cod Gadus macrocephalus on the Kodiak 
shelf, lower Cook Inlet, and presumably also the NEGOA region, reveals 
that C. bairdi is a dominant food item of that fish (Feder et al., 1977a,b). 
Thus, che Pacific cod, a non-commercial species that has commercial poten
tial (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 o'f their legs 
after exposure to Prudhoe Bay crude oil (Karinen and Rice,· 1974). The 
result of t_hese 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 
to non-commercial species. In the past few years, information linking 
the macrophyte producers to commercial fisheries has begun to emerge, 
althouth the full importance of this linkage has yet to be recognized 
(D. Lees', person. 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 investi
gators 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 in this proposal; 
regions accessible to SCUBA and to shallow-draft boats need intensive work 
on species composition and distribution. 
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Some preliminary information on feeding biology of epifaunal inver
tebrate species of the Gulf of Alaska is available from literature analysis 
and very preliminary information collected on NEGOA cruise~ of the past two 
years. Feeding habits of infaunal invertebrate species have been tabulated 
from literature sources and unpublished data (Feder and t1ueller, 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 biology 
of Gulf of Alaska fauna. This lack of basic 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 elsewhere 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 exa~ined, 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 energy from detrital food sources to selected de
posit feeders be investigated. The species selected for investigation should 
be infaun-al sp~cies 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 in order to evaluate the 
quality of the food resources available to deposit-feeding infauna. Inciden
tal to the .latter data, information should be gathered concerning the food 
available to dominant suspension-feeding cbmponents of the infauna. 

The ultimate goal of feeding studies in NEGOA will be the documentation 
of energy flow from the sediment-detrital system through deposit-feeding 
species to the dominant epifa~nal 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 will 
establish the basic patteins to be expected in healthy s~stems. Furthermore, 
it is ultimately 'intended to examine the importance of deposit feeders as 
nutrient-carbon recycling mechanisms of the benthos. In conjunction with 
the sediment-infauna energy transfer investigations suggested above, teeding 
data for such species as the snow crab C. bairdi, must be obtained. Inten
iive studies of the food of this crab are restri6ted to a single collection 
from Cook Inlet (Feder et aZ., 1977a; Paul et aZ., in press), and were 
conducted primarily to identify the frequency of occurrence of prey items 
used. No quantitative information is av.ailable, and· no detailed studies 
of the feeding of C. bairdi from other areas exists. 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, 
additional quantitative data on the feeding habits of the snow crab from 
selected important NEGOA sites are necessary to understand a major component 
of inshore and offshore shelf benthic communities. It is further suggested 
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in this proposal that the feeding and other aspects of the biology of the 
major prey items used by the snow crab be examined._ In Cook Inlet these 
items have been identified as deposit-feeding benthic bivalves, crangonid 
shrimps, and hermit crabs (Feder et al., 1977a). The relationship of 
bottom-feeding fishes to benthic food w~bs has been examined in preliminary 
investigations in waters of the Alaska shelf (Feder et al., 1977a,b,c; 
Smith et al., 1976), but it is suggested in th~s propos~l that further 
documentation be obtained by additional frequency of occurrence data on 
selected species. 

V. Objectives 

A. Kod:iJak Shelf~ It is the intent of this investigation to conduct 
a qualitative and limited quantitative inshore survey of benthic invertebrates 
within the Kodiak Island oil lease area in conjunction·with the Alaska Depart
ment of Fish and Game (Blackburn and Jackson, R.U. 486). 

The specific objectives of this survey are: 

1. Assess· spatial and temporal distribution and relative abundance 
of epifaunal invertebrates in selected pays and inshore areas. 

2. Where possible, assess spatial and temporal distribution of selected, 
important inshore infaunal :j_nvertebrate species. 

3. Determine, where possible, the feeding habits of the principal 
inshore epifaunal invertebrate species exclusive of king crab (see 
4 'below). 

4. Determine the feeding habits of the king crab. The following 
listed objectives should eventually delineate (1) what the major 
geographic areas are that support (in terms of food) king crab of 
various sizes and life stages, and (2) which food item(s) or 
group(s) are most important to the enhancement of the size of a 
particular king crab stock. 
a. Examine the percent weight and/or volume composition of prey 

items of king crab of different sex, length and ecdysis stage 
by area (depth) and time of the year. 

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

c. Examine the correlation between catch number of king crab and 
their feeding intensity as determined by objective (b). 

5. If appropriate, determine food habits of selected bottom-feeding 
fishes (species predominantly or exclusively utilizing invertebrates 
for food) (see Feder et al., 1977a,b,c for examples of a similar 
approach). · 

6. Develop food webs integrating invertebrate, fish and bird feeding 
data in collaboration with the Alaska Department of Fish and Game 
R.U. 486 (see references in 5 above for examples of this approach) 
an4 U.S. Fish and Wildlife Service {R.U. 341). 

7. Compile seasonal reproductive data, and other biological data 
whenever possible, on dominant benthic epifaunal inverteb"rates. 

8. Initiate recruitment, age and growth, and mortality studies on 
important clam species (specifically species important as food 
for dominant epifaunal species such as king crab, snow crab, 
selected species of bottom-feeding fishes) taken in the course of 
the proposed study. 
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9. Utilize data obtain~d in this proposed work in conjunction with 
data on inshore fishes (proposed study by A.D.F.&G. for R.U. 486) 
and bottom-feeding birds (proposed study by U.S. Fish and Hildlife 
Service for R.U. 341) to suggest the potential sensitivity of the 
inshore mari~e communities to oil pollution. 

B. Lower Cook Inlet. It is the intent of this investigation to conduct 
a qualitative and limited quantitative inshore survey of benthic invertebrates 
within the lmver Cook Inlet lease area in conjunction with D. Lees (R.U. 417) 
and J. Blackburn (R.U. 512). Site· specific studies will·be initiated within 
areas to be selected by way of intensive discussions with D. Lees and J. 
Blackburn, and will be based on data input from past ncSEAP studies in Cook 
Inlet. Close coordination with the hydrocarbon studies of Shaw (R.U. 275) 
heavy metal investigations of Burrell (R.U. 162), and detrital studies of 
Larrance (R.U. 425) is planned. Studie~ of the energy:flow through inshore 
benthic invertebrates will be in close collaboration with studies planned 
by Shaw to delineate the movement of hydrocarbons through benthic species. 

The specific objectives of this survey are: 

1. Assess spatial and temporal distribution and relative abundance of 
epifaunal invertebrates in selected inshore areas and juvenile snow 
crab in the deeper areas adjacent to Cape Douglas (see Feder et a"l., 
1977a for comments on this nursery area). 

2. Where possible, assess spatial and temporal distribution of selected, 
inshore infaunal invertebrate species. 

3. Initiate a research and development effort, in conjunction with 
the NEGOA invertebrate project, that will address energy transfer 
from a sediment-detrital system to infaunal deposit feeders (see 

4. 

5. 

NEGOA Technical Proposal for detailed objectives. Species from 
e{ther Cook Inlet or the NEGOA area, or both areas, wil;l be used 
initially to establish the detrital system~organism interactions). 
Initiate, as time and logistics permit, studies of the feeding 
habits of the principal inshore epifaunal invertebrates, exclusive 
of the snow crab, by diving and trawli~g techniques. 
Conduct an intensive st~dy of the feeding habits of the snow crab 
at specific sites to be chosen (see NEGOA Technical Proposal for 
detailed objectives. Crab from either or both areas will be used; 
ultimately it is intended to comprehend the feeding biology of 
snow crab of both areas). 

6. Initiate an investigation of the basic biology of the major prey 
species of snow crab: species to be examined will be chosen from 
selected bivalve, hermit crab, and crangonid shrimp species. 
Hhenever possible, the following data are to be collected: food 

7. 
habits, abundance, recruitment, and productivity. 
If appropriate, in conjunction with Blackburn (R.U. 512), determine 
the food habits of selected inshore, bottom-feeding fishes (species 
predominantly or exclusively utilizing invertebrates for food) 
(see Feder et aZ., 1977a,b,c for examples. of similar approach using 
frequency of occurrence data). 
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8. Develop food webs integrating invertebrate, fish, bird and marine 
mammal feeding data in collaboration with Lees (R.U. 417), Blackburn 
(R.U. 512) and Lensink (R.U. 341). See Feder et al., (1977a,b,c) and 
Lees (OCSEAP Reports) for examples of this approach. 

9. Compile.seasonal reproductive data, and other biological data 
whenever possible, on dominant benthic epifaunal invertebrates. 

10. Continue age and growth, and initiate mortality studies on 
important clam species (especially those important as food for 
dominant epifaunal invertebrate species, such as snow crab) and 
dem~rsal fishes. 

11. Utilize data obtained in this study to suggest potential 
sensitivity of the inshore benthic communities to oil pollution. 

C. Northeast Gulf of Alaska. It is the intent of this investigation 
to initiate a qualitative and ·limited quantitative inshore survey of benthic 
invertebrates within the northeast Gulf of Alaska (NEGOA) lease area in 
conjunction with D. Lees (R.U. 417) and Dr. Lensink (R.U. 341). Site 
specific studies will be initiated either near Hinchinbrook Entrance or 
Kayak Island, or both. Other sites to be examined in the future, in 
conjunction with the long-term SCUBA studies of D. Lees, are in the 
vi~inity of Danger Island (near Latouche Point) and the mouth of Port Etches 
off Constantine Harbour (R. U. 417). 

The specific objectives of this survey are: 

1. Assess spatial and temporal distribution and relative abundance 
of epifaunal invertebrates in selected inshore areas as time 
and logistics permit, specifh:ally Hinchinbrook Entrance and 
vicinity, and/or Kayak'Island sites; Danger Island and off 
Constantine Harbour. 

2. ~-Jhere possible, assess spatial and temporal distribution of 
sele.cted, inshore infaunal invertebrate species-. 

3 •. Initiate a very limited research and development effort that 
will address the energy transfer from a sediment~detrital system 
to infaunal deposit feeders. The preliminary study will include, 
as logistics and time permit (also see Lower Cook Inlet objectives): 
a. An estimation of the rate of deposition of sediment and 

detrital material (in close association with Larrance, R.U. 
425), and an evaluation of the quality of the organic components 

-of the settling material as a food resource for the benthic 
infauna. 

b. Determination, as time and logistics permit, of the concentrations 
of non-living organic carbon and nitrogen, and the bacterial 
biomass of the substrate. 

c. Examination, as time and logistics permit, of the stomach 
contents of selected biologically important infaunal species 
as a basis for development of infaunal food webs. 

d. In conjunction with similar studies in Lower Cook Inlet, a 
limited endeavor in NEGOA will include the following activities. 
Measurement of ingestion and assimilation rates of selected 
infaunal species of major importance to higher trophic levels. 
The benthic infauna represents an important food source for 
epifaunal invertebrates and demersal fishes, but little is known 

I 
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about the nature of the food supply available to the infauna or 
the efficiency of the infauna in utilizing available food in the 
sediments. However, the importance of microorganisms in sedi
ments is well established (Christian and Hall, 1977), and the 
association of large numbers of bacteria with the detrital com
ponents of sediments is also documented (Tenore, 1977). The 
bacteria in sediments of inshore waters, especially in areas 
with considerable macrophyte detrital accumulation, probably 
represent a major source of food for infaunal species there. 
Since the food of deposit-feeding infauna is intimately con
nected with the substrate, contamination of bottom sediments 
by oil could have an effect on these organisms (as well as 
suspension feeders) by way of the adsorption of oil onto 
active suspended sediments (see Cline and Feely, OCSEAP 
Annual Reports), plankton and suspended.detrital materials 
which are deposited on the substrate. The latter effect may 
be especially serious on the NEGOA shelf where high sedimenta
tion rates occur (Carlson and Molnia, R.U. 216). 

4. Initiate studies, whenever possible, on the feeding habits of the 
principal inshore epifaunal invertebrates, exclusive of the snow 
crab, by diving and trawling techniques. 

5. Initiate a study of the feeding habits of the snow crab at specific 
sites (in conjunction with similar studies in Lo~..rer Cook Inlet), 
a. Examine the percent weight and/or volume composition of prey 

items of snow crab (1) of different sex and length, (2) at 
varying times of day and (3) at different seasons of the year. 

b. Examine, when possible, the feeding intensity of snow crab 
following the same diurnal, seasonal parameters as in objective 
(a) above. , 

c. Experimental,ly examine the food preference and feeding rates of 
·show crab of different sex and size, and at varying times of the 
day and year (diurnality and seasonality). 

d. Determine dry weight and carbon values of (1) prey species, and 
(2) various sizes of snow crab. 

6. Initiate (in conjunction with similar studies in Lower Cook Inlet) 
an investigation of the basic biology of the major prey species 
of snow crab: initially with selected bivalves, selected hermit 
crab species;. and crangonid shrimps. Additional species· are 
to be examined as the inshore NEGOA ·area ·is assess·ed in the program. 
Hhenever possible, the following data are to be collected: (a) food 
habits, (b) abundance, (c) recruitment, and (d) productivity. 

7. If appropriate, determine food habits of selected inshore, bottom
feeding fishes (species predominantly or exclusively utilizing 
invertebrates for food (see Feder et aL., 1977a,b,c for examples 
of a similar approach). · 

8. Develop food webs integrating invertebrate, fish and bird feeding 
data in collaboration with Lees, R.U. 417 (see Feder et aZ., 1977a,b,c 
for examples of this approach), and U.S. Fish and Qildlife Service 

· (R. U. 341). 
9. Compile reproductive data, and other biological data, whenever 

possible, on dominant benthic epifaunal invertebrates. 
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10. Initiate age and growth, and mortality studies on important clam 
species (especially species important as food for.dominant epifaunal 
species such as snow crab and demersal fishes). 

11. Utilize data obtained in this proposed study on inshore invertebrates, 
fishes and bottom-feeding birds (U.S. Fish and Wildlife Service, 
R.U. 341) to suggest the potential sensitivity ot the inshore benthic 
communities to oil pollution. 

VI. General Strategy and Approach 

A. Kodiak Shelf. The general approach in the field to accomplish 
the objectives is similar to that proposed by Blackburn and Jackson for 
R.U. 486 in the Kodiak area. Most of the data will be obtained in conjunction 
with the seasonal trawling activities of Alaska Department of Fish and Game 
in the Marmo~Bay-Chiniak Bay area, selected bays in the Sitkalidak Strait 
area, and the Horse's Head area. Intensive sampling will be accomplished 
in these areas from April-August with additional cruises in November and 
February if possible. The study areas will be sampled intensively with 
approximately 12 cruises planned in this proposal. Sampling will encompass 
stations systematically ~stablished at the selected study sites. A variety 
of sampling gear will be employed to ensure success of the inshore sampling 
program. Most of the gear will be the same as that used by the ADF&G project, 
but, in addition a pipe dredge (or other dredging gear if necessary) will be 
used whenever possible to qualitatively sample infauna at selected stations. 
Station selection for the latter sampling will be primarily related to the 
needs dictated by the. feeding studies on crab and selectec;l bottom fishes and 
clam growth studies. If need, time and logistics (i.e. appropriate vessel) 
so dictate, a limited number of quantita'tive stations (using a van Veen grab) 
may be established. The intensity at which sites are sampled will be depen
dent on weather and available survey time. Care will be taken to maintain 
the same sampling locations and intensity of sampling at each collection 
period. Epifaunal material and some fish stomachs will be examined on ship
board according to the methodology described in Feder et al. (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. A reconnaissance survey, if time, funds and logistics permit, of 
one selected site will be initiated using diver techniques; a similar 
approach to that used by Dennis Lees in Lower Cook Inlet. in 1976 and 
described by Lees in R.U. 417 for the upcoming year will be followed. 

Studies will be conducted in conjunction and close coordination with 
R.U. 486 (Nearshore Fish Communities). The 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. The general approach in the field to accomplish 
the objectives in waters below diving depth is similar to that proposed 
for the other lease areas. Data will be obtained by trawling, grab-sampling 
and dredging activities in selected inshore study areas to be selected, in -
part, by discussions with Lees, Blackburn, Shaw and Burrell. Sampling will 
be accomplished in the intensive study sites from April through August with 
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an additional cruise in November if possible. Five to six cruises are 
planned, although several more may be included, as the study progresses, 
if need indicates further collections will enhance the quality of the final 
report. Sampling will encompass stations to be systematically established 
at selected sites. A variety of gear will be employed. Dredging and grab
sampling will primarily be related to the needs dictated by feeding studies 
and clam growth studies. The intensity at which sites are to be sampled 
will be dependent on \veather and available survey time, Epifaunal material 
and some fish stomachs will be examined on shipboard according to the 
methodology described in Feder et al. (1977a). All other material will 
be examined in the laboratory. 

Experimental studies on snow crab food preferences and feeding rates 
will be performed in the field and adjacent to the Seward Harine Station. 
A cruise designed to develop procedures for this study will take place in 
Resurrection Bay. Experiments proposed for Cook Inlet are applicable to 
benthic areas in NEGOA. Thus, specimens from either area or both, Cook 
Inlet and NEGOA, will be chosen for the experiments. Funds from the NEGOA 
and lower Cook Inlet benthic invertebrate projects will be used to jointly 
support this experimental study. 

The approach used to accomplish the objectives in waters of diving 
depth will be to coordinate our program 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, or other sites chosen at a 
conference before the start of the new project period. Funding from the 
proposed project (R.U. 5) will be 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 
Modiolus, and/or Saxidomus, and/or Mya spp.), and should complement his 
R.U. 417 sponsored work. Dennis Lees and Rick Rosenthal as well as one 
of the assistants on R.U. 5, if he is needed, will be directly involved 
in the diving program; R.U. 417 will furnish material (e.g. crabs, bivalve 
molluscs) to R.U. 5 for food and growth analyses to be done in Fairbanks 
and Seward. Analysis of all diving activities and data will be a joint 
endeavour between Feder, Lees and Rosenthal. Techniques to be used in the 
surveys are described in R.U. 417. 

Measurements of·rate of deposition of sediment and its quality as a 
food source will be obtained from Larrance (R.U. 425). All other aspects 
of the study on energy flow from sediment-detrital systems to infaunal 
deposit feeders are the same as that described for the NEGOA study. 
Funds from NEGOA and Cook Inlet invertebrate studies will jointly serve 
to support this experimental investigation. Species from either area, 
or both, will be used in the experiments, as determined by ongoing 
research activities; results from both areas will be pooled to assess the 
import of the results. 

Close coordination with R.U. 417, R.U. 341, R.U. 424, R.U. 275 and 
R.U. 5, besides promoting efficiency, should enhance assimilation and 
interchange of data. 
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C. Northeast Gulf of Alaska. The general approach in the field to 
accomplish the objectives in waters below diving depth is similar to that 
proposed for the other lease areas. Data will be obtained by trawling, 
grabbing and dredging activities primarily (1) at selected stations near 
Hinchi~brook Entrance including Port F.tches where prior feeding and 
quantitative bottom data is available (Feder and Paul, unpub. Sea Grant 
data; Paul and Feder, 1975), (2) at selected stations near Kayak Island, 
and (3) other inshore NEGOA stations identified as important in the course 
of_ the investigation. Intensive sampling will be accomplished in these 
specific areas from July :.... August if possible. At least two cruises 
are planned. Sampling will encompass stations to be systematically 
established at the selected study sites. A variety of gear will be 
employed to ensure success of the sampling program. Dredging and grab 
sampling will be primarily related to the needs dictated by the feeding 
studies on crab and selected bottom fishes, and clam growth studies. 
If need, time and logistics (i.e. appropriate vessel) so permit, a 
limited number of quantitative stations (using the van Veen grab) may 
be established •. The intensityat 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 of sampling at 
each collection period. Epifaunal material and some fish ~tomachs will 
be examined on shipboard according to the methodology described in Feder 
et aZ. (1977a). All other material will be examined in the laboratory and 
at the Marine Sorting Center, University of Alaska. 

Experimental studies on snow crab food preferences and feeding rates 
will be performed in the field and the laboratory. The experiments proposed 
and the results deriving from them are applicable to benthic areas in lower 
Cook Inlet. Thus, specimens from the latter area may be chosen for the 
experiments, and the field work might be accomplished here as well as in 
NEGOA. Funds from the NEGOA and lower Cook Inlet benthic invertebrate 
projects will jointly serve to support this experimental study. 

The approach used to accomplish the objectives in waters of diving 
depth will be to coordinate our program with that of Lees (R.U. 417) in one 
of the two intensive study sites that have been examined by him over the 
past years, Danger Island (Latouche Point) and off Port Etches (Constantine 
Harbour). Additional sites may be chosen for reconnaissance studies in the 
future, if necessary, by coordination with Lees. Limited funding from the 
proposed project will be used to enhance Lees study by extending his work 
into additional feeding and growth studies, and should complement his R.U. 
417 sponsored work. Dennis Lees as well as one of the assistants in our 
project, if he is needed, will be directly involved in the diving program; 
R.U. 417 will furnish material to R.U. 5 for food and growth analyses in 
the laboratories at Fairbanks and Seward. Analysis of all.diving acti
vities ~ill be a joint endeavour between Lees and Feder - ari effort to 
continu~lly integrate the diving and offshore studies. Techniques to be 
us'ed ir{ the surveys are described in R. U. 417. 

Heasurements of the rate of deposition of sediment and its quality as 
a food source .(organic Carbon, organic Nitrogen, bacterial biomass) will be 
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carried out (depending on ship logistics and weather). Data for this 
aspect of the project will be obtained from Larrance (R.U. 425). Organic 
Carbon and Nitrogen concentrations and bacterial biomass of the substrate 
will also be measured when possible to determine any seasonal changes in. 
the available food supply. Grabs, trawls, dredges, and a Haps corer will 
be used to collect infaunal organisms for examination of stomach contents 
(seasonally if possible) and for specimens for feeding experiments. The 
following organisms will be assessed for their utility in the feeding experi
ments proposed in the objectives section: Macoma spp. (a deposit feeder), 
Psephidia lordi (very abundant), Nuculana sp. (deposi feeder; important food 
item); crangonid shrimps (important food items), hermit crabs (snow crab 
food), Sternaspis (a very abundant deposit feeding worm). The experiments 
proposed here and the results deriving-from them are applicable to benthic 
areas in lower Cook Inlet. Thus, species from the latter area may also 
be chosen (e.g. Tellina ·nuculoides - an 'abundant deposit feeder, Modiolus 
- an abundant, shallow water suspension feeding mussel, Clinocardium -
abundant, suspension feeder, food item of crab). Funds from NEGOA and lower 
Cook Inlet will jointly serve to support this experimental study. 

NEGOA studies will be conducted in conjunction and close coordination 
with Lees (R.U. 417) and Lensink (R.U. 341). The close coordination between 
projects, besides promoting efficiency, should enhance assimilation and 
interchange of data. 

VII. Sampling Methods 

A. Kodiak Shelf. Sampling will generally coincide with that of ADF&G.; 
presumably up· to two cruises will be conducted per month, April through 
August, with a continuing rotation between sampling sites. If weather permits, 
one cruise will be made in November and February. One cruise will be selected 
in mid-summer for the reconnaissance dive surveys in selected areas. Epi
faunal material will be taken with gear fished by ADF&G personnel on each 
cruise. Invertebrates will be separated, enumerated and weighed according 
to the methodology described in Feder et al. (1977a,b). All invertebrates 
will be given tentative identifications, and representative samples of indi
vidual species preserved and labeled for final identification at the. Institute 
of Harine Science and the Marine Sorting Center, University of Alaska, Fair
banks. Infaunal material will be obtained qualitatively with a pipe dredge 
or quantitatively with a van Veen grab. Samples will be washed on a 1.0 mrn 
mesh screen, fixed in 10% buffered formalin, and examined in Fairbanks. 
Stomachs of selected species (e.g. clams, pandalid shrimps, crangonid shrimps, 
king crab, crab, s'elected species of bottom fishes) will either be examined 
on shipboard or in the' laboratory in Fairbanks. All species used in feeding 
studies will be measured. King crab examined in feeding studies will.be 
separated into as many ecdysis stagesl as possible (up to 8 stages).· \fuen
ever possible, the entire gut (.stomach and intestine) will be removed. This 
material will be fixed in 10% formalin. Clams to be used will be separated 
on shipboard when possible, and growth'studies accomplished in the ~aboratory. 

1. Eight classes of king crab (classification adapted after Powell 
et al., 1974) 
a. Juvenile females: non-ovigerous females <120 mrn (length). 
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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 molt 

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. One two-week cruise per month will be taken on 
the remote-sampling (i.e. waters below diving depth) portion of the project 
from April through August with an additional cruise in.November. Sampling 
will be accomplished on a substantial vessel that will have the capability 
of trawling with commercial gear, dredging (pipe or other dredge) and grab 
sampling (van Veen grab). In addition, this vessel should have sufficient 
space to permit preliminary workup of trawl material (see Feder et al., 
1977a for methodology), should have running sea water at an appropriate 
pressure to permit washing of grab and pipe dredge. samples on board 
ship. At least a few of the cruises should have sufficient laboratory 
space to work up, in detail, some. of the commercially trawled material 
(this primarily refers to detailed examination of large numbers of snow crab 
stomachs in situ to enable decisions to be made concerning locations of 
dredging and grab stations to obtain immediate data on location and abundance 
of food organisms). In addition, cruises of opportunity (for example on 
the R/V Acona when it is working in the study area) will be used whenever 
possible, to obtain supplemental data. A one-week cruise in Resurrection 
Bay on a small boat, with trawling and pot capabilities, will be taken to 
initiate the snow crab feeding study. 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 samples of individual 
species preserved in 10% buffered formalin, and labeled for final identi
fication at the Institute of Marine Science and the Marine Sorting Center, 
University of Alaska, Fairbanks. Stomachs of selected species (e.g. shrimps, 
king crab, snow crab, hermit crab) will either be examined on shipboard 
(see special shipboard examination need referred to above) or in the labora
tories 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 studies will be separated from sediments on shipboard, 
and measurements made on them in the laboratory. 

In coordination with Lees (R. U. 417), the_ site specific diving sites 
selected at the beginning of the project year will be occupied four to five 
times in the spring, summer and fall. Weather and boat logistics will deter
mine the exact number of cruises occupied by diving techniques. The diving 
survey on this (R.U. 5) project will extend and complement that of Lees 
(R.U. 417). The data collected will be primarily from rocky habitats. Den~ 
sities and size structures of organisms in the field will be determined 
according to techniques employed by Lees in Cook Inlet (see proposal for 
R.U. 417). Coverage will be determined by visual estimation within quadrats. 
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Where possible, soft sediments 1Yill be sampled. Techniques used will be those 
described by Lees in his proposal for R.U. 417. Trophic dynamics of the 
study sites will be evaluated from in situ observations of feeding activities, 
and the examination of stomach contents of selected species. Bivalve molluscs 
to be utilized in growth studies will be collected. These bivalves and species 
to be examined in detail for food contents of stomachs will be taken to 
Fairbanks and the Seward Marine Station for further study. 

Sedimentation rates will be estimated by coordination with Larrance 
(R.U. 425). Organic nitrogen, organic carbon and bacterial biomass of 
suspended sediment load will be determined from replicate 30 ~ water samples 
taken three to five meters above the substrate in order to collect suffi
cient material. Sediments from the bottom will be collected using a Haps 
Corer. Animals for examination of stomach contents and for feeding experi
ments will be taken by van Veen grab, Haps corer, dredge or otter trawl. 
Animals will be carefully removed from sediments so as to preserve their 
stomach contents intact and to avoid damage to the organisms. All of the 
studies described for the energy flow/sediment-detrital system/infaunal 
deposit feeder investigations will be integrated with similar studies in 
the NEGOA area (see NEGOA technical proposal for details), studies of this 
nature will take place primarily in the Cook Inlet lease area. Success 
with the latter type of study in Cook Inlet sites will determine the magni
tude of involvement in NEGOA. 

C. Northeast Gulf of Alaska. One two-week cruise per month will be 
taken on the remote-sampling portion (i.e. regions below diving depth) of 
the project in July - August; all work is to be accomplished on a substan
tial vessel capable of working outside Prince William Sound. The vessel 
used must have the capability of trawling with commercial trawl gear, 
dredging and grab sampling. All sampling sites are to be occupied at each 
cruise if the developing program dictates the necessity; however, the 
intensive sampling sites off Hinchinbrook Entrance and near Kayak Island 
will always be sampled at each cruise. Invertebrates taken by trawl and 
dredge will be separated, enumerated and weighed according to the methodo
logy described in Feder et aZ. (1977a,b). All invertebrates will be 
given tentative identifications, and representative samples of individual 
species preserved and labeled for final identification at the Institute 
of Marine Science and the Marine Sorting Center, University of Alaska, Fair
banks. Infaunal invertebrates will be obtained with a pipe dredge or van 
Veen grab. Samples will be washed on board ship on a 1.0 mm mesh screen, 
fixed in 10% buffered formalin, and examined in Fairbanks. Stomachs of 
selected species (e.g. shrimps, king crab, snow crab, hermit crab) will 
either be examined on shipboard .or in the laboratory in Fairbanks. All species 
used in feeding studies will be measured, separated by sex where readily 
possible, and separated into as many size groups as possible. Clams to be 
used in growth studies will be separated from sediments on shipboard, and 
measurements made on them in the laboratory. 

If coordination with Lees (R.U. 417) is successful, the diving sites in 
the Danger Island or Constantine Harbour will be occupied in the summer. 
Weather and boat logistics will determine the number of cruises occupied by 
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diving techniques. The survey on this project will extend and complement 
that of Lees (R.U. 417). Information from the rocky habitat will be 
collected. Densities and size structures of organisms \•Jill be determined 
according to techniques employed by Lees (R.U. 417). Coverage will be 
determined by visual estimation within quadrats. T'1here possible, soft 
sediments will be sampled. The density and size structure of the 
animals in the soft substrates will be sampled with core tubes (~mall, 
abundant species) and 0.25 m2 quadrats (large, relatively less common spe
cies). Samples will be screened through 1.0 mm sieves. Trophic dynamics 
will be examined from in situ observations of feeding activities and the exam
ination of stomach contents of selected collected species. Bivalve molluscs 
to be utilized in growth studies will be collected. The bivalves and species 
to be examined for food contents of stomachs will be taken to Fairbanks 
and the Seward Marine Station for further study. 

Sedimentation rates will be estimated in conjunction with studies 
of Larrance (R.U. 425). Organic nitrogen, organic carbon and bacterial 
biomass of suspended sediment load will be determined from replicate 
30 ~ water samples taken three to five meters above the substrate in 
order to collect sufficient material. Sediments from the bottom in the 
intensive study sites will be collected using a Haps Corer. Animals for 
examination of stomach contents and for feeding experiments will be taken 
by van. Veen grab, Haps corer, dredge and/or otter trawl. These animals 
will be carefully removed from the sediments so as to preserve their 
stomach contents intact and to avoid damage to the organisms. 

VIII. Analytical Net hods 

A. Kodiak Shelf. Final analysis of inshore epifaunal and infaunal 
material will be accomplished in the laboratory in Fairbanks by methods 
developed in past offshore OCSEAP studies by Feder (Feder et al., 1977a,b,c). 
All species will be assigned Taxon Code numbers, and will be summarized 
according to computer programs developed previously (for example, see Feder et 
al., 1977a). Community composition and structure will be described. Stomach 
analyses will be accomplished in the laboratory with quantitative data ob
tained for some species; weight or volume composition of prey items will be 
specifically taken for king crab material~ Feeding intensity of king crab 
will be calculated using the following Food Index (see Takeuchi, 1959): 

F'H It 
F. r. = mv x 10 

where FW = weight of food contents 
BW = body weight 

All data will be summarized and analyzed with available or specially written 
computer programs. Growth history analyses of clam species will be applied 
according to techniques described in Feder and Paul (1974) and Paul et al. 
(1976). Food webs will be constructed from accumulated and integrated 
(fish, bird, m~rine mammal) data (see Feder et al., 1977a,b,c for examples); 
semi-quantitative flow lines indicating the importance of a particular food 
item will be used in this project whenever possible. 
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B. Lower Cook Inlet. Final analysis of inshore epifaunal and infaunal. 
material will be accomplished in the laboratory and the Marine Sorting Center, 
University of Alaska, by methods developed in past offshore QCSEAP studies 
by feder (Feder et al., 1977a,b,c). Analysis of some materials in collabora
tion 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 ~eder et al., 
1977a). Community composition and structure will be described using data 
available from collections made on the proposed project cruises, past 
Cook Inlet studies by Feder and the data in the literature compiled by 
Feder and Huller (1977). (Although the investigations of Feder et aZ., 
1977a in Cook Inlet were well offshore, a great many of the species examined 
in that study will also occur in the inshore waters to be examined in the 
current project. Thus, much of the community infprmation derived previously 
on sediment bottoms will be applicable.) Stomach analyses will be accom
plished according to methods listed in the NEGOA proposal. Stomach data 
will be quantitative for some species, primarily the snow crab, but other 
species may be so examined 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 c~..:reight) of the v1hole 
animal. Feeding intensity of the snm..:r crab. (and other species, if need and 
time permit) will be obtained by using the Food Index of Takeuchi (1959). 
See details of method in NEGOA section of this proposal. All data will be sum
marized and analyzed with available or specially written computer programs 
at the University of Alaska. Clam species will be analyzed according to 
Feder and Pa.ul (1974) and Paul et al. (1976). 

Food webs will be constructed in collaboration with Lees (R.U. 417, 
English (R.U. l}24), Blackburn (R.U. 512), and Lensing (R.U. 314), from 
accumulated and integrated (invertebrate, fish, bird, marine mammal) data 
(see Feder et al., 1977a,b,c and Lees OCSEAP Annual Reports for example); 
semiquantitative flow lines indicating the importance of food items will be 
used in the new project whenever possible. 

In the shallow-water sites examined in direct collaboration with Lees 
(R.U. 417), all techniques described in his R.U. 417 proposal will be used. 
The details of the analytical procedures to be used are described in some 
detail in the invertebrate ~EGOA section of this proposal (see next page). 

The analytical methods planned for the experiments designed to measure 
energy transfer from sediment to infaunal deposit feeders are the same as 
those described for the HEGOA area (see NEGOA technical proposal on next 
page). Cook Inlet sites and species will be used in conjunction with sites 
and species from NEGOA studies; if Cook Inlet studies are totally success
ful, most of the work will be accomplished in that area. 

The analytical methods planned for the experiments designed to examine 
snow crab food preferences and feeding rates are the same as those described 
in the NEGOA technical proposal. As indicated in that proposal, experiments 
in Cook Inlet and NEGOA are complementary. Thus, sites and snow crab from 
Cook Inlet will probably be used in the earlier experiments because of the 
better experimental conditions expected there as compared to the NEGOA 
study sites. A pilot experiment will be accomplished in qesurrection Bay 
to develop procedures. 
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c. Northeast Gulf of Alaska. Final analysis of inshore epifaunal 
and infaunal material will be accomplished in the laboratory and the Marine 
Sorting Center, University of Alaska in Fairbanks 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 anticipated. 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 composition and structure 
will be described using data available from the proposed project, past NEGOA 
studies by Feder and the data in the literature compiled by Feder and Hueller 
(1977) (although the investigations of Feder et aZ., 1977a was offshore, 
a great many of the species collected in that study will also occur in the 
inshore waters to be examined in the 'current project. Thus, much of the com
munity information derived previously on sediment bottoms will be appreciable.) 

Stomach analyses will be accomplished in the laboratory and the Sorting 
Center, University of Alaska. Some of the analyses will be accomplished 
at the Seward Harine Laboratory, University of Alaska, when necessary. 
Stomach data will be quantitative for some species, primarily the snow crab, 
but other species may be so examined as field surveys indicate their impor
tance. 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 the following Food Index 
(See Takeuchi, 1959 for similar method used for king crab; this method will 
also be used in the king crab study to be accomplished in.the proposed Kodiak 
lease study. See appropriate section of this proposal1: 

Flv 4 F. I. = BH x 10 

'..rhere FhT = weight of food contents 
BW = body weight 

This index will be modified in the course of the project if results indicate 
this to be necessary. 

All data will be summarized and analyzed with the aid of available 
or specially written computer programs at the University of Alaska. Growth
history analyses of clam species will be applied according to techniques 
described in Feder and Paul (1974) and Paul et al. (1976). 

. Food vJebs '..rill be constructed in collaboration with Lees (R. U. 417) from 
accumulated and integrated (invertebrate, fish, bird, marine mammal) data 
(see Feder et al., 1977a,b,c and Lees OCSEAP Annual Reports for examples); 
semiquantitative flow lines indicating the importance of a particular food 
item 'vill be used in the new project whenever possible. 

In the shallow water sites examined in direct collaboration with Lees 
(R.U. 417), all techniques described in his R.U. 417 proposal will be taken, 
inclusive of linear, wet and dry weight measurements wherever possible. 
Preliminary-analysis of gut contents will be accomplished by Lees (R.U. 417) 
and Feder (R.U. 5) in the laboratory with results to be directly integrated 
with stomach analysis of the same species taken by boat from somewhat deeper 
(i.e. inshore but deeper than diving depth) waters. Each research group 
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will be responsible for particular species, and data derived from all stomach 
analyses will be pooled for final synthesis. Populations will be described 
where applicable by techniques developed by Lees (R.U. 417); these methods 
will generate estimates for growth and mortality rates, age-specific size, 
and longevity. This approach will also be used, if applicable, to deeper
living species taken in the boat surveys. Standard descriptive ecological 
statistic (diversity indices, classification techniques) will be used to 
assist in describing the assemblages examined, particularly in soft sub
strates. Methods developed by Feder (Feder et al., 1977a) for NEGOA may 
be applicable here, and will be applied in collaboration with R.U. 417 at 
the appropriate time. 

In research and development efforts designed to measure energy transfer 
from sediment to infaunal deposit feeders, organic carbon and organic 
nitrogen will be determined using a CHN analyzer. Bacterial biomass will 
be determined using the muramic acid (Moriarty, 1975, 1976) or other appro
priate method. If time and funding permit, both the suspended sediments 
and those collected from the bottom will be dyed with periodic acid-Schiff 
reagent (PAS) and examined microscopically to determine the relative 
abundance of potential food particles (Johnson, 1977). The development of 
liquid scintillation counters and improved methods of tissue digestion have 
made it possible to use radiotracer 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 al., 1968, 1977; lvetsel, 1976; Yingst, 1976). He plan to 
measure ingestion and assimilation of labeled bacteria and detritus in 
selected organisms using adaptations of the methods of Tenore (1975) and 
Yingst (1976). If time permits in this proposal period, these techniques 
will also be adapted to measure rates of assimilation and ingestion of 
several food items by important infaunal and epifaunal predators. The 
food items to be used in these experiments will be determined from the 
examination of stomach contents in the feeding studies referred to above. 

In the experiments designed to examine snow crab food preferences and 
feeding rates the following approach will be used in conjunction with 
similar studies on Cook Inlet: 

1. Seasonally (if possible) snow crab will be obtained by trawl or 
diving: either (a) 100 each, mature males, mature females (if 
available) and 100 juveniles, or alternately (b) 150 large and 
150 small crab. 

2. 10 males, 10 females and 10 juveniles (minimum sample size of 9) 
will be sacrificed immediately after their collection for examina
tion of stomach contents. Species content and the volume or weight 
of each stomach will be determined. 

3. The remaining crab will be held in pots (in the field) or in tanks 
(on shipboard) without access to food, Some of these crabs will be 
sacrificed every 4-6 hours (interval to be determined) as in step (2) 
above. 

4. The initial collection by trawling or diving will be made three or 
four times per twenty-four hour period (e.g. 0100, 0800, 1600 hours), 
and the experiment outlined in (2) and (3) above will be repeated. 
It is estimated that about one week will be needed for each of the 
experiments. 
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5. The above experiments will be carreid out seasonally if possible. 
6. A pilot·experiment will be accomplished in Resurrection Bay adjacent 

to the Seward ~1arine Laboratory. Additional suggested experimental 
areas.are Port Etches (near the diving site area), near Kayak Island, 
or Cook Inlet (Iniskin Bay). 

7. The experiments proposed here and the results deriving from them are 
applicable to benthic areas in lower Cook Inlet. Thus, snow crab 
and sites from the latter area will probably be used in some of 
the earlier experiments because of the better experimental condi
tions to be expected there. Funds from NEGOA and lower Cook Inlet 
will jointly serve to support this experimental study. 
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IX. Anticipated Problems 

A. Kodiak Shelf. 

1. Weather precluding completion of monthly surveys as planried. 
2. Logistic problems precluding completion of diving survey. Specifi

cally, unavailability of proper boat for diving logistics. 
3. Timely submission of the reports due July and October 1 due to 

intensive summer field activities. The major field sampling will 
occur April through August, and most of the investigators will be 
in the field during this period. Insufficient time will be avail
able to process most of the field data and prepare it in time for 
the October Report. 

4. Securing use of appropriate seiner type fishing vessel to use in 
conducting a continuing series of charters. 

5. Securing use of appropriate type of vessel to permit grab sampling 
and pursuit of a limited diving survey. 

6. Resolution of the problem concerning tvorkup of food data from the 
fish species chosen by this ,project to be directly related to benthic 
invertebrates of importance. It is essential that our group be 
permitted to 1:vorkup some fish stomach data (either frequency of 
occurrence or limited quantitative data); this approach is essential 
to the continuing and ever-developing clarification of benthic food 
webs during the project period. In addition, a close integration of 
our project ,.,ith the one concerned with the quantitative workup of 
fish stomachs must be achieved; the data flow should be as nrompt as 
possible on the species of direct interest to R.U. 5. 

7. 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. 

B. Lower Cook' Inlet. 

1. Weather and logistics problems precluding completion of diving and 
other surveys planned. 

2. Timely submission of Quarterly Report due October 1 due to intensive 
field activities of the preceding summer. 

3. Securing use of appropriate vessel with commercial trawling capability 
and running seawater of the appropriate pressure to wash grab and 
dredge samples. 

4. Securing use of appropriate vessel with commercial trawling capability 
and laboratory space for shipboard analysis at least twice during the 
project period. 

5. Acquisition of sufficient snow crab to do the feeding rate experiments 
could be a problem. This might be especially true if an appropriate 
trawling vessel, capable of dragging up the large numbers of crab 
needed, cannot be obtained. Weather could also be a continuing pro
blem on all periods chosen to do the snow crab feeding experiments. 

6. The need for assurance that R.U. 5 will have access to all material 
obtained by dragging activities associated with OCSEAP programs in 
the inshore areas of Cook Inlet. It is especially important that 
R.U. 5 have access to appropriate samples of snow crab, shrimp, mol
luscs and bottomfishes on any OCSEAP cruises to Cook Inlet. 
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7. Acquisition of some juvenile and adult snow crab from deeper waters 
than 40 m so that a more complete picture of crab feeding and growth 
activities can be obtained. Sampling in the area off Cape Douglas 
(see Feder et aZ., 1977a for comments on this apparent nursery area 
for snow crab) is especially important. 

8. Initial_problems with the experiments concerned with energy transfer 
from sediment to infaunal deposit feeders. See NEG9A technical 
proposal for details of problems. 

C. Northeast Gulf of Alaska. 

1. Weather precluding completion of surveys as planned. 
2. Logistics problems,precluding completion of diving surveys. Specifi

cally, unavailability of proper boat for diving logistics and weather. 
3. Timely submission of the Quarterly Report of October 1 due to the 

intensive field activities of the.preceding summer. The major field 
sampling will occur July through August and most of the investigators 
will: ·be in the field during this period. Insufficient time will be 

. available· to process most of the field- data and prepare it in tilll.e , 
for the Annual Report. 

4. Securing use of appropriate vessel with commercial trawling capability 
to use in conducting a continuing series of charters off Hinchinbrook 
and Kayak Islands. 

5. Acquisition of sufficient snow crab to_do the feeding rate experiments 
could be a problem. This might be especially true if,an appropriate 
trawling vessel, capable of dragging up the large numbers of crab 
needed, cannot be obtained. 1veather could also be a Continuing pro
blem on all weeks . chosen to do .. the snow crab fee9.ing experiments. 

6. The need for assurance that :r{.U. 5 will have access to all material 
obtained by dragging activtties associated with OCSEAP ~rograms in 
the inshore areas of NEGOA. It is especially important that R.U •. 5 
have access to appropriate samples of snow crab, shrimp, molluscs and 
bottomfishes on any cruises to the NEGOA area with this type of gear. 

7. Acquisition of some snow crab from water deeper than 40 m so that a 
more complete picture of crab feeding habits in the ~1EGOA area can 
be obtained. It is necessary to recall that acquisition of snow crab 
feeding data was not directly funded in the past OCSEAP project in 
NEGOA. 

8. In the research and development efforts concerned with en~rgy transfer 
from sediment to infaunal deposit feeders, initial difficulties will 
be experienced in collecting, transporting and ultimately maintaining 
in the laboratory, healthy specimens of desirable test organisms. The 
organisms eventually selected for the experiments will be ones that 
meet the above tests, and c~n be maintained for long periods of time 
in the sea water system of the Seward Marine Laboratory. Some additional 
delays in completing the experiments may also be anticipated when 
the organism(s). is chosen; experiments will have to be adapted to suit 
the feeding behavior of the organisms of interest. He have not used 
the muramic acid method as yet, and some initial delay may be expected 
until all procedures are worked out. It is probable that the complexity 
of this particular segment of the proposal will result in preliminary 
data only during this proposal period. However, it is anticipated that 
the preliminary data will be useful to make some initial suggestions 
concerning carbon flow to infaunal feeding invertebrates. 
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X. Deliverable Products 

This project will submit quarterly narrative reports which will include 
a discussion of current objectives, methods and techniques used in sampling, 
analysis and calibration. Discussion of data and significance of results 
will utilize graphical and tabular presentations where appropriate. Any 
digital data requirements will be handled by the University of Alaska OCS 
Coordination Office. In all lease areas, the specific objectives proposed 
in this proposal will be addressed in both narrative and data reports, 
including discussion of results and conclusions where ~ossible. 

XI. Information Required from Other Investigators 

Input from other investigators is essential to the scientific 
meaningfulness of this project. Specifically there should be close 
cooperation with Barton (R.U. 19), Blackburn (R.U. 486), Lensink (R.U. 
341), Blackburn (R.U. 512), Lees (R.U. 417), English (R.U. 424), and 
Larrance (R.U. 425). Direct contact has been made with Lees (Cook Inlet, 
NEGOA) and Blackburn (Cook Inlet, Kodiak). Contact hrith all other P. I.'s 
will be made as soon as the proposed program is initiated in October, or 
sooner, if the summer activities of all of the above investigators make 
this possible. \.Je have reasonably close working or scientific relation
ships with all of the above named investigators. 

XII. Quality Assurance Plans 

Voucher specimens will be archived for the purpose of providing 
intercomparisons of taxonomic identifications in future studies. 

XIII. Special Sample and Voucher S~ecimen Archival Plans 

Voucher. specimens will be archived for the purpose of providing 
intercomparisons 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. 

XIV. Logistics Requirements 

See attached forms. 
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OCSE/\P use only. 

Kodiak Lease Area 
II 

Area of Operation -------

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. 

INSTITUTION Univ. of Alaska PRINCIPAL INVESTIGATOR~ ___ H_._~_1_. _F_e_d_e_r _____ ___ 

A. SHIP 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 . 
Cannot be described until station locations are deter~ined. 

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. Primarily otter trawl. Some dredge and grab samples. Will 
need washing water for mud and 1.0 mm screen on some cruises. For single dive 
survey in several bays, ship use lvill be limited to transportation and lodging. 

3. ~1at 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.) For trawl and 
dredge surveys Aprii-August, November. Two cruises per month at 7-10 days. Trip 
arranged with ADF&G. Dive survev in summer. 

4. How many ::;ea days are required for each leg? (Assume vessel cruising speed of 
14 knots for NOAA vessels. Do not include running time from port to beginning 
point ang from end point to port and do not include a weather, factor.) 
Arranged \vith ADF &G - approx. 7-10 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? Cooperative effort 
(trawl survey); equal time requested. Dive survey- nrincipal one. 
Approximately how many vessel hours per day will 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. tlaximum of 10 hrs/day for 
trawl survey. Haximum of 8 Jus/day for dive survey. 

6. lihat equipment and personnel would you expect the ship to provide? 
Trawl. Trawl survey - assistance. with trawling gear, dredge and grab sampling. 

7. Hhat is the approximate weight and volume of equipment you will bring? 
Grab~ 80#; pipe dredge= 125#; wash stand= 200#; diving gear 1500#, 75 ,~.,t. 

8. Will your data or equipment require special handling? Not for If yes, please 
describe: trawl gear 
Dive Gear: Compressor and Bottles will need great care. 

9. Will you require any gasses 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. 

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. 

11. 

12. 

No 
If you recommend the use of a non-NOAA vessel, what is the per sea day charter ·cost 
and have you verified its availability. Trawl charter to be arranged with 
ADF&G Dive vessel must be rigged far diving but can negotiate for l£es:Se1 
How many people must you have on board for each leg? Include a list of partici
pants, specifically identifying any who are foreign nationals. 
Trawl survey: 2 for first leg - Steve .Jewett or ~1ax Hoberg and .John !<.ose 
Dive survey: Dennis Lees and Rick Rosenthal. 
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Cook Inlet 
For OCSEAP use only. 
R •• _____ _ 
Disc1pline ____________________ __ 
Area of Operation. ______________ _ 

LOGISTICS REQUIREMENTS 

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. 

INSTITUTION Univ. of Alaska PRINCIPAL INVESTIGATOR:___~H!..<.·......w.t.f.._ . .....!F~e~d~ec:.r ___ _ 

A. SHIP 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. 
Cannot be described until stations located. 

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. 

Sec attached 

3. lfhat 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 

4. How many sea days are required for 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 weather, factor.) 
See attached · · 

5. Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? 

Approximately how many vessel hours per day will 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. 

See attached 
6. \Vhat equipment and personnel would you expect the ship to provide? 

Trawl survey: assistance \vith trawl 
Snow crab study: assistance with Rot retrieval 

7. lfhat is the approximate weight and volume of equipment you will bring? 

Grab = 80#; dredge = 120ft; wash box = 200#; diving gear = 1500# 

8. Will your data or equipment require special handling? ~~--- If yes, please 
describe: 

9. Will you require any gasses 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. 

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. 
See attached 

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. See attached 

l.Z. How many people must you have on board for each leg? Include ·a list of partici
pants, specifically identifying any who are foreign nationals. 
See attached 
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2. Trawl/Dredge/Grab/Core Sampling Survey: commercial otter.trawl; pipe 
dredge; grab; Haps core; running seawater to wash grab and pipe-dredge 
material. Need stable vessel that will have sufficient space to permit 
preliminary workup of trawl material; must have sufficient space and 
appropriate pressure ~vith ~vash water for washing mud. At least two of 
the cruises should have sufficient laboratory space to workup, in detail, 
some of the commercially trawled material (this primarily refers to 
detailed examination of large number of snow crab stomach in situ) to 
enable decisions to be made concerning locations of stations for 
(a) grab and (b) dredge material -- this will permit direct interaction 
with trawl feeding data and precise location of feeding grounds. 
Cruises of opportunity on, for example the R/V Acona, will permit 
supplemental grab and dredge as well as some light trawling operations 
well inshore. 

Snow Crab Feeding Experiments: approximately 9-12 pots will be set, each 
containing snow crab that had or.iginally been collected by cprnmercial 
trawl. Every 6-8 hours for 24 hours some of the traps wil1 be retrieved 
and crab removed for examination. Proper space, preferably some lab. 
space will be needed to remove crab stomachs when traps pulled up . 

. Dive Surveys: ship use limited to transportation and lodging. 

3. Trawl/Dredge/Grab Survey: April-August, November1 • One to two we·ek cruises 
per month to be arranged with ADF&G on trawl charter. 

Snow Crab Feeding Experiments: two times in spring, one to two times 
in summer or fall; one pilot experiment trawl cruise !l.esurrection Bay; 
November or December .. 

Dive Surveys: four or five times in spring, summer and fall. 

4. Trawl/Dredge/Grab/Core: two weeks per cruise for Cook Inlet 

Snow Crab Experiment: 5 to 7 days per cruise in Cook Inlet; 5-7 days 
for pilot experiment in Resurrection Bay. 

Dive Surveys: 7 days per cruise with 9 days in spring. 

Ships of opportunity: as per ·available time. 

5. Trawl Survey: could be shared equally with other group (ADF&G) 

Snow Crab Survey: could be shared as long as 2-3 24-hour periods are 
available for pot retrieval and removal of crab stomachs. 

Dive Survey: principal operation; full use of boat needed. 

Cruise of Opportunity: as many days as available on shared cruise. 

1 We plan to take part in a November cruise organized by OCSEAP for Lower 
Cook Inlet as discussed in a planning discussion at the University of 
Alaska campus, 30 September 1977. 
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10. Trawl/Dredge/Grab/Core Survey: non ~JOAA vessel allright for most of 
the cruises, but it must be a substantial (e.g. similar to the M/V 
North Pacific) vessel \vith commercial trmvling capability; also must 
be able to dredge and grab sample. Needs washing capability for mud 
samples. Need the NOAA vessel Mil lei' Preeman on t,,ro of the cruises 

11. 

to be certain to obtain trawled, dredged, grabbed material rapidly and 
efficiently. Also, to be able to have the extensive laboratory space 
and. ship stability to do microscope work onboard. The· latter work will 
be necessary when doing stomach analysis in conjunction with dredged 
samples to be used for food-source studies. 

Snow Crab :Reeding Experiments: NOAA Vessel Niller T?reeman ~..rould be 
the best vessel for this study. Commercial trawling capability is 
needed to obtain large numbers of crab, a stable platform and suitable 
laboratory space to look at stomachs as experiment proceeds is essen
tial, capability of readily handling the retrieval of snow pots is 
essential. This experiment would probably be done once or t\..rice in 
Cook Inlet with this vessel. "'or the pilot experiment in R.esurrection 
Bay, a small tra\vling vessel with pot retrieval capability would be 
satisfactory. 

Dive Survey: M/V Humdinger. 36 ft. commercial fishing boat vlith full 
electronics, rigged for diving; flexibility of schedule, ease of coor
dination, lower daily costs, local knowledge of crew. 

Cruise of Opportunity: R/V Acona, when available, is excellent for 
supplemental grab and pipe dredge work; also can obtain small amounts 
of material with light otter trawl gear; has laboratory space that is 
useful if ship can be used in protected waters·. Can only be used this 
way - it cannot substitute for a vessel with commercial trawling gear. 
Good for dive survey in early spring and fall in remote areas of Cook 
Inlet because of sea worthiness. 

Trawl Charter: to be arranged with ADF&G 

Trawl Charter for Resurrection Bay: to be arranged 

H/V Humdinger: $500 per day 

R/V Acona: approx. $3,200 per day 

12. Trawl/Dredge/Grab Survey: 1-2 people (A. J. Paul and H. N. Feder) 

Snow Crab Survey: A. J. Paul and H. H Feder or 'I'BN Technician 

Dive Survey: 2-3 per cruise. 
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NBGOA 

LOGISTICS REQUIREMENTS 

For OCSEAP use only. 
R.U 
Disc~pline ____ ~----~----------
Area of Operation. ____________ __ 

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. 

INSTITUTION Univ. of Alaska 
--~~~~~~~~~--------

PRINCIPAL INVESTIGATOR~--~H~-~~-1~·-F~.e~d~e~r~-------

A. SHIP 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. 
Cannot be described until precise station locations determined. 

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. 

See attached 

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 

4. How many see days are required for 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 weather factor.) 
See attached 

5. Do you"consider your investigation to be the principal one for the OP.eration thus 
requiring other activities to piggyback or could you piggyback? 
See attached 
Approximately how many vessel hours per day will be required for your observations 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processing time bet1v-een stations. 

See attached 
6. \.Jhat equipment and personnel would you expect the ship to provide? 

Trawl survey: trawl/grab/dredge assistance 
Dive survey: boat operator 

7. \.Jhat is the -approximate weight and volume of equipment you will bring? 
crab pots: weight 
Dredg~ = 125#; grab= 60#; wash bot= 200#; dive gear= 1500#, 75 cu.ft.; not known 

8. Will your data or equipment require special handling? No If yes, please 
describe: 

9. Will you require any gasses 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. 

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. 
See attached 

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. See attached 

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. 
See attached 
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2. Tra~vl/Dredge/Grab Survey: commercial otter tra1vl, pipe dredge, grab; 
need wash water to wash grab and pipe dredge samples. 

Snow Crab Feeding Experiments: approximately 9-12 pots will be set 
each containing snow crab that had originally been collected by 
commercial trawl. Every 6-8 hours for 24 hours some of the traps 
will be retrieved and crab removed for examination. 

"Dive Surveys: ship use limited to transportation and lodging. 

3. Trawl/Dredge/Grab Survey: July-August 
One-two week cruise per month 

Snmv Crab Feeding Experiment: one or two times in spring and summer 

Dive Surveys: one or two surveys summer 

4. Trawl/Dredge/Grab: two weeks/cruise 

Snow Crab Experiment: 2-4 days/cruise 

Dive Surveys: summer 6-7 days/cruise 

5. . Trawl Survey: could be shared equally with other group 

Snmv Crab Survey: could be shared as long as 2-3 full 24 hr periods 
are available for the retrieval of pots; this could be in conjunction 
with another project. 

Dive Survey: principal one/full use of boat usually needed. 

10. Trawl/Dredge/Grab Survey/Core: non NOAA vessel o.k.; should be substantial 
(e.g. similar to "t-1/V North Pacific) with commercial trawling capability 
and ability to dredge and if necessary grap sample. Needs washing capa
bility for washing mud through 1. 0 mm screen. Few days ~>TOAA ship J4iUer 
Freeman, on several occasions~ to do l!a.ps core sampling to obtain intact 
animals for isotope experiments; need lab space available. 

Snow Crab Feeding Experiments: probably above vessel o.k. but NOAA vessel 
Miller Freeman would be best for a 4-day period to do experiment. This 
vessel superior for this because of laboratory space needed for remov~l 
and weighing of crab stomachs during .the experiment. 

Dive Survey: M/V Humdinger - 36 ft. commercial fishing boat with full 
electronics, rigged for diving; flexibility of schedule, ease of 
coordination, lower daily costs, local knmvledge of crew. 
R/V Acona, if available. Safe and stable platform for stormy times 1 

of the year, excellent for diving base. · 

11. Trawl Charter: proper vessel must be located ·as yet 

M/V Humdinger: $500/day 

R/V Acona: approx. $3,200/day 
3-5 days in July or August 

12. Trawl/Dredge/Grab/Core: aprox. 2/cruise 

Dive Survey: 2/cruise 
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XV. Management Plan 

Technical management will be provided by the principal investigator. 
Fiscal and data management will be provided by the University of Alaska OCS 
Coordination Office~ Milestone charts are provided. 

XVI. Outlook 

The direction of the research effort for FY 78 has shifted from the 
extensive, broad offshore shelf activities of the past three years to one 
that primarily examines site-specific areas. Furthermore, direct research 
activity for FY 78 has been directed away from a primary 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 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 will represent the initiation 
of ne\v directions in research, and all of the experimental \vork suggested 
in the FY 78 proposal will be unique to the OCSEAP prograr.1 in Alaskan waters. 
It is to be expected that much of the work suggested for the second year of 
research will be designed to further strengthen the data base originally 
developed in FY 78. The understanding of processes operating in the 
benthic areas to be investigated will, by necessity, develop slowly, bu~ 
the broadly based and interconnecting studies for ~Y 78 suggest that major 
progress should be made in our understanding of inshore benthic communities. 

The outlook for the three study areas for the FY 79 and 80 are treated 
below: 

A. Kodiak Shelf 

1. Nature of final results 
a. Expand knowledge of spatial and temporal distribution and relative 

abundance of inshore epifaunal and infaunal organisms. 
b. Expand knowledge of trophic interrelationships of dominant inshore 

infaunal and epifaunal invertebrates and demersal fishes (emphasis 
on king and snow crab and other commercially important bottom
feeding species. 

c. Continue recruitment, age and growth and mortality studies on 
important inshore clam species (specifically species important 
as food for dominant epifaunal species such as king crab, snow 
crab, selected species of bottom feeding fishes) taken in the 
course of the proposed study. 

d. Data on the above from other bays in the lease area as an expansion 
of the overall data base for the Kodiak shelf. 

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

November, January, March, Hay. 
b. Report submission: quarterly reports and annual reports; selected 

papers and Technical Reports on Food and Feeding Habits. 
3. Co,st · 

$150,, 000. 

63 



4. Addition of major equipment 
Centrifuge (for feeding studies) 

.5. Location 
Same plus additional bays. 

6. Logistics 
Roughly the same plus additional cruises during the year. 

B. Lower Cook Inlet 

1. Nature of final results 
a. Expand knowledge of spatial and temporal distribution and relative 

abundance of epifaunal invertebrates. 
b. Expand assessment of distribution of selected, inshore infaunal 

invertebrate species (specifically important food items of commer
cially important species). 

c. Intensively pursue experiments on energy transfer from a sediment
detrital system to infaunal deposit feeders. 

d. ~xpand studies of feeding habits of principal inshore epifaunal 
invertebrates, exclusive of snow crab. 

e. Expand the study of the feeding habits of the snow crab. Inter
relate the interaction of sediment-deposit feeder-snow crab as 
a logical extension of (c) above. 

f. Intensively pursue investigations of the major prey species of 
snow crab. 

g. Develop food webs interrelating all species from the benthos and 
pelagic regions, birds, and marine mammals. 

h. Develop and pursue studies on reproductive biology of key species. 
i. Expand age and growth and mortality studies on important clam species. 
j. Consider development of models of the Cook Inlet biotic systems. 

2. Milestones 
a. Cruises: continue cruises as dictated by the developing programs. 
b. Report submission: quarterly and annual reports; publication of 

variety of papers and technical reports on results of biological 
studies. 

3. Cost 
Approximately $150,000- 200,000. 

4. Addition of major equipment 
Some analytical units for the chemical analyses needed in energy flow 
experiments. 
Compound microscope and lamp. 

5. Location 
Same plus additional sites as needed. 

6. Logistics 
Roughly the same as FY 78. 

C. Northeast Gulf of Alaska 

1. Nature of final results 
a. Expand knowledge of spatial and temporal distribution and relative 

abundance of epifaunal and selected infaunal invertebrates. 
b. Intensively pursue experiments on energy transfer from a sediment

detrital system to infaunal deposit feeders. 
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c. Expand studies of feeding habits of principal inshore epifaunal 
invertebrates. 

d. 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 (c) above. 

e. Intensively pursue investigations of the major prey species of 
snow crab. 

f. Develop food webs interrelating all marine species in the study 
areas. 

g. Develop and pursue studies. on reproductive biology of key species. 
h. Expand age and grm·1th 'and mortality studies on important clam 

species. 
i. Consider development of models of the Northeast ~ulf biotic systems. 

2. Niles tones 
As per Cook Inlet comments. 

3. Approximately $200,000. 
4. Additional major equipment 

Equipment listed under Cook Inlet will be shared here. 
5. Location 

Same plus additional sites as needed. 
6. Logistics 

Roughly the same as FY 78 

XVII. 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 XIII of this proposal. The University of Alaska will 
continue to negotiate a Voucher Specimen Policy with NOAA/OCS. 
He will comply with the then agreed to policy. 

4. See Section XV 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. 

5. Data will be provided in the form and format agreed to by the Uni
versity and NOAA/OCS in the negotiating of the Data ~anagement Plans 
for each of the tasks falling under the jurisdiction of this office. 

6. As per Article 9 of the base contract, the University of Alaska 
agrees to the following: " .•• all archivable data is to be submitted 
by the contractor to the Contract Data rfanager within 120 days after 
acquisition. Certain data sets such as plankton counts or volumes 
are not available until sorting is complete. The data so obtained 
are archivable 120 days following the actual sorting or other 
laboratory procedure." 

7. VJithin 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 Hanager by the Chief Scientist. 
If the Chief Scientist represents the contracts covered by this 
office, the form will be sent through this office. 
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8. This is in accordance with the base contract with which we $hall 
comply. 

9. Three copies of all publications or presentation abstracts or manu
scripts pertaining to technical or scientific material ~eveloped 
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 he 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 }mAA, 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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APPENDIX A 

Inventory of Samples from Past Cruises1 

1. NEGOA 

R/V SiZas Bent - Cruise 811 

Station No. No. Crabs 

25 5 

39 3 

44 3 

48 5 

54 2 

55 5 

R/V Discoverer - 23 November-S December 

7 5 

60 5 

61 5 

62 5 

63 5 

Samples now held from NEGOA represent either duplicate stations or 

stations not in the regular sampling grid (stations, 60-63). The pattern 

of distribution of infauna has been well documented by way of all samples 

processed in the past two years. 

Two years of grab samples, including the entire grid, have been pro-

cessed, and are being used for report preparation. The remaining samples 

represent duplicate·samples or stations not on the sampling grid. 

10nly grab samples remain unprocessed. 
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A Research Proposal Submitted to: 

The Natiqnal Oceanic and Atmospheric Administration 

Outer Continental Shelf Environmental Assessment Program 

TITLE: The distribution, abundance, composition, and variability of the South
western Beaufort Sea benthos with special emphasis on the benthic 
food web. RU #6. 

PRINCIPAL INVESTIGATOR: Andrew G. Carey 

PERIOD: 1 October 1977 - 30 September 1978 

INSTITUTION: School of Oceanography 
Oregon State University 
Corvallis, Oregon 97331 
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_Principal Investigator Director, Office of Business Affairs 
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TECHNICAL PROPOSAL 

I. Title 

The distributio~, abundance composition, and variability of the 
southwestern Beaufort Sea benthos with special emphasis on 
the benthic food web. 

Research· 
Contract 
Proposed 

unit #6 
. . • 'i!, . 

No. 03-5-022-68 
Dates of Contract: 1 october 1977 - 30 september 1978 

II. Principal Investigator: · Andrew G. Carey, Jr. 

III. Cost of Proposal (FY-78): 

School of oceanography 
Oregon State university 

Total: $96,.315 
Distribution of effort by lease area: 

Beaufort Sea 100% 
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IV. BACKGROUND 

The past and proposed OCS research on benthic ecology is .directed 

toward defining the distribution and abundance of the sea floor organisms, 

estimating the spatial and temporal natural variability, and delimiting the 

food web interactions of the benthic invertebrates. 

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 and metabolizing it into maintenance and growth products. In turn, 

these animals must provide a major energy source for higher level carnivores, 

including the seals, walrus, marine birds, and numerous .fish species. As a 

iogical extension of past benthic work, the ·research to be· undertaken in FY-78 

will explore the significance of the benthic populations relative to the 

larger predator species. This proposed research program has been designed to 

complement the food web studies being undertaken for the marine mammals, birds, 

and arctic fishes. This study integrates well with coastal benthic research 

accomplished in the southwestern Beaufort Sea, and with the Canadian work 

being conducted near the mouth of the Mackenzie River. 
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V. OBJECTIVES 

The specific objectives of the 1977/78 proposed research are listed in 

order of priority. The major emphasis will be on the delineation of the 

benthic foodweb and description of the coastal benthos. Efforts to characterize 

the composition of the Beaufort Sea fauna to the species level will continue 

since this is a critical step toward understanding the dynamics of the benthic. 

ecosystem. 

A. Objective 1 - Beaufort Sea benthic foodweb analysis 

l. The numerical density, biomass, and gross taxonomic composition of 

the benthic macro-infauna at selected water column foodweb stations will 

be obtained. 

2. The identification of prey species important in the benthic foodweb 

will be tmdertaken. 

3. The gut contents of selected species of benthic invertebrates will 

be analyzed as far as possible to determine the foodweb links within 

the benthic communities •• 

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. 
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B. Objective 2 - Beaufort Sea coastal benthos 

The numerical density, biomass, and gross taxonomic composition 

of the coastal benthic macro-infauna will be obtained from grab samples 

taken at stations on the inner continental shelf and coastal zone. These 

samples were collected during the summer of 1976 on the R/V ALUMIAK. This 

research is in large part supported by supplemental funds from NOAA/ELM 

in response to a letter proposal,of April 5, 1977. This research will 

continue throughout the FY-78 contract year. The station locations 

~nd sample numbers are listed and charted in Table 1 and Figure 1. 

Justification 

The coastal region has been designated by the Beaufort Sea synthesis 

meeting as a critical zone of foodweb interactions that could be impaired 

by oil pollution from planned petroleum exploration and production. At 

the present time little is known of the species composition, distribution, 

abundance and environmental interactions of the benthic fauna. 

Research on coastal benthic invertebrates is proposed to fill the 

designated data gap that now exists in the southwestern Beaufort Sea 

within the depth zone of 5 to 25 meters. Because of the large standing 

stocks of benthic fauna in 'this shallow continental shelf environment, it 

is an important feeding ground for the shallow-water fish, diving birds, 

and marine mammals. The taxonomic composition and abundance of the benthos 

are strongly correlated with depth and distance from shore. The 

environmental effects of bottom water and sedimentary characteristics 

on the benthic communities in this transitional zone are not known at the 

present time. 
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Table l~CS-5 Smith-Mcintyre Grab Samples Taken on the - R/V ALUMIAK Cruise. 

Transect Date (1976) Station Position Depth {m) Cond. Salinity Temperature No. Biol. No. Sed. 
(%) (OC) Samples Samples 

Point Barrow 19 Aug. BRB-25 7l 0 27.3'N 25.9 5 1 
156°22.3'W 

BRB-20 7l 0 2B:O'N 19.5 5 1 
156°l8.6'W 

BRB-15 7l 0 28.2'N 15.5 5 1 
l56°13.1'W 

BRB-10 7l 0 24.9'N 9.8 5 1 
156°23.8'W 

BRB-5 7l 0 23.4'N 5.2 25.00 27.00 3.50 5 1 
156°27.l'W 

25 5 

Pingok Island 22 Aug. PIB-15 70°33.2'N 14.9 24.87 31.45 1.88 .5 1 
149°34.6 1 W 

PIB-10 70°34.8'N 10. 2· . 23.00 22.32 2.15 . 5 1 
'-I 149°32.3'W 
lXI PIB-5 7Q 0 34.9'N 4.5 20.65 . 22.08 2.08 5 1 

149° 32-.o •w 
15 3 

Barter Island 31 Aug. BAB-25 70°11. 3'N 24.6 24.82 31.88 -2.00 5 1 
· 143° 31.5 'W 

BAB-20 70°l0.8'N 20.3 24.46 31.33 -2.00 5 1 
143°33.7'W 

3 Sept. BAB-'15 70°09.5'N 15.1 24.24 30.78 -1.98 5 1 
143°36.2'W 

BAB'-10 70°09.0 1 N 10.1 24.28 30.75 -1.86 5 1 
143°32.2'W 

BAB-5 70°08.4'N 5~o 23.47 28.40 -a". 98 5 1 
143°37.7'W 

25 5 

TOTALS: 3 Transects 13 Stations 65 13 
biological sediment 
samples samples 
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Fic;ure 1. Locations of stations sampled for coastal infauna during the 
1976 R/V ALUMIA>.'<. cruise. Circles indicate stations to be 
included in the proposed analyses. 
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C. Objective 3 - Benthic macro-infaunal ecology 

1. Further identifications of abundant species will be undertaken from 

samples collected in the south\'lestern Beaufort Sea during the JVEBSEC and 

OCS field trips and cruises. 

2. Statistical analyses of species and station groups will be run, and 

correlations between these and various characteristics of the benthic 

environment will be made. 

Justification 

A complete description of the benthic fauna of the Beaufort Sea at 

the species level is needed to establish a baseline from which future 

faunal changes can be evaluated. Multivariate analysis of the spatial 

patterns of the benthic fauna will be useful in gaining insight into 

which environmental factors are important in controlling animal distribu

tions in this area. This type of knowledge is critical to predicting 

the impact of environmental perturbations. 
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D. Objective 4 - Summary and synthesis of benthic environment characteristics. 

1. Sediment samples from OCS benthos stations will be analyzed for 

particle size, organic carbon, and Kjeldahl nitrogen by oregon State 

University or a subcontractor. 

2. The bottom water characteristics of the southwestern Beaufort Sea 

continental shelf will be summarized as far as possible with the available 

information. 

Justification 

It has been demonstrated that sediment type is one of the key factors 

in controlling the distribution of benthic infaunal organisms. Therefore, 

it is useful to map the distribution of sediment characteristics in 

conjunction with the patterns of faunal distribution. The Beaufort Sea 

continental shelf is characterized by sediments which are patchy in 

distribution and of a broad range of types, and it is, therefore, essential 

that the sediments be defined as completely as possible at each sampling 

location. 
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E. Alternate Objectives - This research will be implemented as time allows 

depending on the sampling success of the foodweb work on the USCGC GLACIER 

this summer. 

Alternate Objective 1 - The numerical density, biomass, and gross taxonomic 

composition of the large meiofauna will be obtained.from selected stations 

on the southwestern Beaufort Sea continental shelf. 

Justification 

Only a few data are available from the southwestern Beaufort Sea 

for the meiofaunal size fraction of the benthos. The larger meiofauna 

(those organisms which pass through the 1.00 mm sieve but which are 

retained on a 0.42 mm sieve) may triple the numerical density of animals 

found in a given sample. This size fraction makes a small contribution 

to the biomass, but they may make .an important contribution to the energy 

flow through the benthic ecosystem. It is, therefore, important to gain 

a better understanding of. their distribution and abundance in the arctic 

environment. 
\ 

Alternative Objective 2 - a) The analysis of seasonal reproductive. activity 

of abundant infaunal species at the benthic stations on the OCS seasonal 

Pitt Point Station Transect will be undertaken. b) The additional collections 

made along the Pitt Point Transect during the 1977 GLAC+ER cruise will be 

worked up. 

Justification 

Knowledge of the seasonality of reproductive activity in the Beaufort 

Sea is important in predicting the impact of any environmental perturbation. 

Continued monitoring of the Pitt Point Transect will be invaluable in 

establishing the long term natural variability in benthic populations in 

the arctic. 
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VI. GENERAL STRATEGY AND APPROACH 

In general, two areas of continuing benthic ecological research are 

proposed: (1) the extension of research into a food web project which is 

designed to elucidate the biological interactions within the benthos and 

between the benthic organisms and other portions of the ecosystem; and (2) 

tlle further accumulation of data from existing samples to provide a more 

complete understanding of the patterns of distribution and abundance of 

benthic invertebrates across the continental shelf. This descriptive detail

ing will provide baseline data with .more accurate estimates of natural spatial 

and temporal variability. 

To date, the experimental design has included a description of the benthic 

macro-infaunal and mega-epifaunal communities based on the WEBSEC and OCS 

samples. Numerical densities, total biomass, and major taxonomic composition 

have all been examined. As the species within the .taxonomic groups have been 

identified, statistical analyses have delimited species and station groupings, 

and these groups have been correlated with the environmental characteristics 

of the benthic boundary. Estimates of natural spatial variability have been 

of major concern, and the descriptive phases of the research have been extended 

through a twelve month period to provide estimates of temporal variability and 

to provide initial information of the life histories of the arctic invertebrates. 

The studies of interactive pathways with other portions of the ecosystem through 

the food web is a logical extension of the current benthic research. 

VII. SAMPLING METHODS 

No additional sample collecting is anticipated for FY-78. All proposed 

research is to be conducted on the samples to be obtained from the 1977 

summer GLACIER cruise, or on samples that are already on hand at Oregon State 

University. 
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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 r~search. Briefly, they 

are outlined as follows: 

A. Infauna 
-. I 

1. The quantitative grab samples are sieved into two fractions, the 

macro-infauna (>1.00 mrn} and the larger meiofauna (0.42-1.00 mm). 

2. The macro-i~faunal organisms are picked from the rocks 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, 

and the identifications are verified by taxonomic specialists where necessary. 

B~ Epifauna 

1. The large epifaunal organisms are sorted from the 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 environmental parameters are all coded for inclusion 

into a computer data base. 

2. Al·l data are keypunched on to computer cards. 

3~ · All keypunching is verified before transfer to magnetic tape •. 

84 



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 will 

be reviewed 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 Sakal, 

1963; Clifford and Stephenson, 1975)~ 

IX. ANTICIPATED PROBLEMS 

A. The necessary laboratory research is labor-intensive, and as a result, 

proceeds along slowly. Samples must be sieved and maintained in proper storage 

until the organisms can be picked out of the sediment and organic debris. The 

fauna must then be sorted to major taxonomic category, enumerated, wet weighed, 

and finally identified to the species level where possible. These tasks 

require skilled technicians and experts trained in benthic taxonomy. As the 

data becomes available, it still must be coded, keypunched and verified before 

any statistical analyses can be originated. In all, benthic research on the 

Beaufort Sea continental shelf does not lend itself to the required rapid data 

transmission. 

B. A detailed research schedule cannot be finalized until the sampling 

success of the 1977 USCGC GLACIER OCS food web cruise is known. If samples 

are not collected during this summer effort, alternative objectives utilizing 

samples obtained from previous OCS field efforts are proposed. 
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X. DELIVERABLE PRODUCTS 

A. Digital Data 

1. Parameters to be recorded: 

Sample parameters recorded: 

a) Time 
b) Position 
c) Depth 
d) Cruise Number 
e) Vessel Name 
f) Station Number 
g) Surface Area Sampled 
h) Bottom Salinity* 
i) Bottom Temperature* 
j) Sediment Organic Carbon* 
k) Sediment Total Carbon* 
1) Percent Sand* 
m) Percent Silt* 
n) Percent Clay* 
o) f1inimum Sieve Size 
p) Average Phi Size* 
q) Equipment Code 
r) Sample Number 
s) NODC Taxonomic Code (Nc::.w). 
t) Number of Individuals 
u) Total Wet Weight of Individuals 
v) Qualitative Code 
w) Descriptive Text* 

*Data product is not consistently available. 
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2. 

Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

Benthic Organisms 

Benthic Organisms 

Media 
(Cards, Cod-
ing Sheets, 
Tapes, Disks) 

Magnetic Tape 

Hagnetic Tape 

Data Products Schedule 

Estimated Processing and 
Volune OCSEAP Formating Done Collection 
·(Volume of Format By P. I. Period Submission 
Processed Data) (If Known) (Yes or No) (Month/Year to Month/Year) (Month/Year) 

Maximum of 150 032 Yes 8/76 9/76 10/78 
records per 
sample 

Haximum of 150 032 Yes 8/77 9/77 10/78 
records per 
sample· 



B. Narrative Reports 

Several manuscripts to be submitted for publication are planned. 

Initial results from the Pitt Point seasonal sampling will be described 

by Dickinson and Ruff at the Pacific Section, ASLO Meeting in 

San Francisco in June, 1977. Two papers on the time series study at 

five stations across the continental shelf will be prepared on the 

general community structure and on the garnrnarid amphipod fauna during 

the fall, and submittal to appropriate journals is planned. Additional 

manuscripts on the new benthic sample siever and on the distribution of 

species groups and communities are also scheduled for 1971-78. 

C. Visual Data 

All visual data presenting Beaufort Sea benthic ecological data will 

be presented in quarterly and annual reports. 
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XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS. 

In most cases contacts have been made to obtain these data: 

A. Hydrography: Bottom water salinity, temperature, o2 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 

s~a continental shelf and the processes and sources of sedimentation. 

E. Circulation: Predominent seasonal currents on the Beaufort Sea 

continental shelf and slope. 

XII. QUALITY ASSURANCE PLANS 

Whenever possible internal and external checks on accuracy and methodology 

will be maintained to ensure accurate data. 

A. Sampling processing: The accuracy of picking-sorting-counting will be 

evaluated and maintained by an experienced technician who will spot-check 

samples previously processed. 

B. Faunal identifications: Systematics of the osu research will be verified 

by competent specialists whenever possible. 

C. Data Transfer: All data which is coded and keypunched for statistical 

analysis is routinely subjected to verification before it is transferred to 

magnetic tape. 
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XIII. 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 gr~ samples have been 

transferred as rapidly as possible from neutralized 10% .formalin to 7b% 

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 lvluseurn. Each species nas been given an OSU species 

code number which is entered into a computer file for future reference. A 

range of sizes and developmental stages have been placed on taxonomically 

organized shelves in an air-conditioned room adjacent to a benthic laboratory. 

Approximately 250 arctic species 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 J:)een organized with the aim of forming a scientifically useful reference 

museum and taxonomic literature library. 

XIV. LOGISTICS . REQUIP£MENTS 

INSTITUTION Oregon Stat~ University PRINCIPAL INVESTIGATOR A.G. Carey, Jr. 

The lo.gistics requirement forms have been deleted since no 
field work is proposed for FY-78. There are no research vessel 
or aircraft requirements, nor are quarters or field support 
necessary. All proposed research will be conducted upon samples 
which will already be on hand at Oregon State University when 
the contract period begins. 

90 

i. 
I 



XV. MANAGENENT PLAN 

The management of all phases of the Beaufort Sea benthic ecological 

research during FY-78 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 quality and quantity of pertinent data and the timely reporting 

of result~. 

During the 1977/78 contract year, weekly briefings and progress report 

meetings with research personnel will be held for exchange and discussion 
( 1-/ '1/ <.> Li\C \\: l( (_ .,.-,_:, ,•:_,~_:_) 

of information. 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 research progress evaluation. The lab manager and I will work with the 

Benthos research group to maintain schedules and to meet the necessary deadlines. 

Research objectiv~s, 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, 

artd in the overall direction of the research program. 

The Activity/Nilestone chart outlines the major projects and deadlines 

proposed for FY-78. 
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XVI. OUTLOOK 

A forecast of additional research pertinent to a useful description of 

the benthic community in the southwestern Beaufort Sea should include an 

accurate assessment of the temporal variability, a synthesis of the dynamics 

of the community components, and a description of the smaller-sized organisms. 

Data obtained from stations taken in 1975-76 from the continental shelf off 

Pitt Point have indicated that both numerical density and total biomass 

tend to fluctuate with the sampling season. This temporal variability 

within the benthic community should be measured through several successive 

years to verify the trends and establish the magnitude of the fluctuations. 

Knowledge of the repopulation and growth potential of the dominant invertebrate 

organisms would provide estimates of the maximum recovery rates which could 

be expected after a major oil spill or other large-scale catastrophic event. 

A study of reproductive adaptations of the abundant and critical foodweb 

speciep would provide information on the sequence of recolonization as well 

as the mechanisms of repopulation. Data on the distribution, abundance and 

taxonomic composition of the larger meiofauna would provide an evaluation of 

the importance of this portion of the total benthic community.· The addition 

of these data would allow a direct comparison and synthesis with the benthic 

data obtained in the canadian sector of the Beaufort Sea. 

An evaluation of the dynamics of the total benthic community is the 

next logical 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; and 

the modes and rates of repopulation m.ust be ascertained before meaningful 

predictions can be made on the potential consequences of a major extinction 
J 

i 
event occurring on the Beaufort Sea· continental shelf. ·' 
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A. Seasonal Sampling 

l. Nature of the Final Results and Data Products: 

The .results of three years of quantitative sampling from transects 

across the Beaufort Sea continental shelf would establish the magnitude 

of the changes in the numerical density and total biomass of the benthic 

invertebrates with season. This knowledge of natural temporal variability 

would form a basis for evaluating perturbations in.the benthic community 

initiated by industry-related oil pollution or other catastrophic 

extinction events. 

2. Significant Milestones: 

a. The changes in numerical density would be elucidated for the 

total benthic community across the continental shelf with season. 

b. The changes in biomass (grams wet weight) would be elucidated 

for the total benthic community across the continental shelf with season. 

c. The changes in numerical density and biomass would be exam~ned 

at specific depths with changing season. 

d. The changes in numerical density and biomass would be examined 

at specific times with changing depths. 

e. The seasonal changes in abundance would be determined at the 

species level for the dominant invertebrate groups. 

3. Cost by Fiscal Year: 

FY-79 

FY-80 

FY-81 

Total 

$ 90,000 

100,000 

110,000 

$300,000 
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4. Additional Major Equipment Required: 

None 

5. Location of Future Field Efforts: 

a. OCS Pitt Point Transect, Beaufort Sea. 

b. OCS Prudhoe Bay Transect, Beaufort Sea. 

6. Logistic Requirements 

a. Yearly summer cruise aboard the R/V ALUl-liAK. 

b. Three yearly research efforts via helicopter. 

B. Benthic Community Dynamics 

1. Nature of the Final Results and Data Products: 

The final results would include estimates of the rates of 

repopulation by dominant components of the benthic community. The 

sequence of recolonization after an extinction event would be 

established in selected areas across the Beaufort Sea continental 

shelf. The modes and adaptations of reproductive activity would be 

described for the major elements of the benthic foodweb, and the time 

needed for the reconstitution of these species in specified areas would 

be derived. 

2. Sign~ficant Milestones: 

a. Growth rates would be determined for selected invertebrate species. 

b. The rate and sequence of species recolonization would be elucidated. 

c. The reproductive rates and the special adaptations exhibited by 

various species would be described. 

d. An estimate of the length of time required for a disrupted benthic 

community to return to an equilibrium state would be derived. 
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c. Benthic Heiofauna 

The meiofaunal organisms (0.10-1.00 mm in size) .are numerically 

prominent in the marine benthic community. They have been demonstrated to 

play a major role in the energetics of the bottom community, and they 

undoubtedly are important links within the arctic foodweb. They have been 

cited as an integral part of a salmonid fish foodweb in more temperate waters 

(Sibert et al., 1977). 

Because of their numerical and energetic importance, the larger meiofaunal 

organisms (0.42-1.00 mm) should be quantified and identified as far as possible. 

With the addition of these data we can compare the benthic community of the 

Alaskan northern coastal waters 111i th that reported from the southeastern 

Beaufort Sea off canada. Such a comparison would allow the direct contrast 

and synthesis of the taxonomic composition and numerical abundance across the 

whole of the Beaufort Sea continental shelf from Point Barrow to the Nacl\enzie 

River. 

1. The Nature of the Final Results and Data Products: 

The total numerical abundance and the major taxonomic composition 

of the larger meiofaunal organisms (0.42-1.00 mm) would be determined. 

The animals would be identified to the species level where possible. 

The acquisition of these data would permit direct comparison with the 

benthic community data reported f'rom the Canadian sector of the 

Beaufort Sea. 
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2. Significant I1ilestone:;;: 

a. The larger meiofaunal organisms ·would be sorted from existing 

quantitative grab samples taken at selected sites across the Beaufort 

Sea continental shelf. 

b. The organisms would be partitioned into major taxonomic category, 

and the total numerical abundance would be determined. 

c. The animals would be identified to the species level where 

possible. 

d. The trends in the total benthic community structure would be 

elucidated. 

e. The total community structure would be compared and contrasted 

with the ecological patterns reported from the Canadian sector of the 

Beaufort Sea. 
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XVII. PROCEDURES 

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 

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 P.I. 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 (NOAA 24-13). 

6. Data \'lill be submitted within 120 days of the completion of a cruise 

or 3 month data collection period, unless a written \'laiver has been 

received from the Project Office. This does not apply to report 

requirements (see 'par. 2). 
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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. 

9. Three (3) copies 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 than sixty (60) days shall be 

made only with prior written conserit 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 follow

ing standard acknowledgement is acceptable: 

"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 tile Alaskan continental 

shelf is managed by the Outer Continental Shelf 

Environmental Assessment Program (OCSEAP) Office." 
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Meiofaunal analysis (Alternative Objective. 1) 

Benthic seasonal studies (Alternative objective 2) 

Quarterly Reports ~ ~ ~ 
Yearly Report 

D. 
Data Analysis 6. ~ 
Data Transmission ~ ~ 

·-

~: Planned Completion Date ~: Actual completion oats 
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TECIWICAL PROPOSAL 

I. Title: A Seismotcctonic Analysis of the Seismic and Volcanic 
. Hazards in the Pribilof Islands-Eastern Aleutian Islands 
Region of the Bering Sea 

R.U.#: 16 

Contract#: NOAA 03-5-022-70 

Proposed Dates of Contract: 1 October 1977 through 30 September 1978 

II. Principal Investigators: Drs. John N. Davies and Klaus H. Jacob 

III. Cost of Proposal: 

A. Science: ~80,730 

B. P.I. Provided Logistics: None 

C. Total: $80,.730 

D. Distribution of Effort by Lease Area: 

1. Aleutians 75% 

2. St. George Basin. 25% 

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 activity 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 complementary to similar projects 

being carried out by the University ofAlaska in the Kodiak and Lower 

Cook Inlet areas and the USGS in-Lmver Cook Inlet and the Gulf of 

Alaska. In addition it is viewed as a subset of a larger seismo-

tectonic study of the Aleutian arc funded by ERDA. Relevant seismic :md 

J:!Codetic results from this. ERDA study arc reported to NOAA through 

thC' pre~cnt ~ontr:tct. 
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Ne propose to expand the scope of this work v<i th the part" time 

addition of a structural geologist 1vho 1vill spend one month in the 

field evaluating the major faults exposed on the Shumagin Islands nnd 

the adjacent Alaska Peninsula. This '.'.'Ork is expected to complement. 

that of the USGS marine geophysital studies by examining any on-shore 

extensions of faults which may be discovered by their seismic profiling. 

If significant Lineaments or faults are discovered, seismic activity 

in the vicinity will be reevaluated and effort may be concentrated 

there to determine the level of seismic activity associated 1d th 

such a fault. 

V. Objectives: 

A. Monitor seismic activity level on Saint Paul Island. 

B. ·r.-foni tor and locate earthquakes in the· Eastern Aleutians. 

1. Evaluate changes 1n sei.smicity patterns. 

2. Compute b-values on a regular basis. 

3. Compute V /V ratios on a regular basis. p s 

C. Examine major faults exposed on the Shumagin Islands and 

adjacent Alaska Peninsula. 

1. Correlate with off-shore work. 

2. Evaluate nearby seismicity. 

D. ~toni tor seismic aci tvity o~ Pavlof, Akutan, and ~lakushin volcanoes. 

E. Evaluate relevant seismotcctonic results from ERDA study in 

te1ms of seismic and volcanic hazards. 

The ovcr:1ll objective of this 1.;ork is to evaluate the earthquake and 

volcanic h:1=ard to petroleum explor:ltion and development in the St. 

George B:1:-in :1nd c:1stcrn Alcuti:lt1 nrcas. Ne have exnminc:d the 
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general arcus. We have summarized other scisreotcctonic work that 

relates to the special risk posed by the Shumagjn seismic gnp. 

We have l!.nd propose to continue to monitor the current nctjvity to 

evaluate any changes that might signify an immcncnt major event. We 

propose to evaluate specific faults that might require special 

consideration in the location and construction of major structures 

and pipelines. 

VI. General Strategy and Approach: 

Monitoring Seismic and .Volcanic hctivity. A regional seismic network 

consisting of about 20 stations has been established and is maintained 

annually \vith NOAA logistic support. These stations are continuously 

recorded and the data is mailed to L-OGO ~vhere it is reduced and 

analyzed. This network provides the basic data required for the seismic 

studies proposed. Several of the stations are located on or near 

active volcanOes and thus perform double duty, recording,both 

tectonic and volcanic events. 

Evaluation of Faults. We propose to have a structural geologist 

spend one month ·evaluating the faults exposed on the Shumagin Isl~mds 

and the adjacent Alaska Peninsula. This study \vill be correlated \·dth 

off -shore \vork 2.nd \dll provide the basis for more concentn ted 

seismic studies than are now made with the regional network. 

Another anticipated product of this evaluation is a delincnti0n of 

the block-structure of the region Hhich will be invalunble in an 

interpretation of the geodetic data being collected under the 

·ERDA sponsored seismotcctonic study. 
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VII. SN-IPLING r>1ETIIODS 

N/A 

VII I. ANALYTICAL f-1ETIIOOS 

A. S~ismicity: The primary output of this study is the Jocotion, 

origin time and magnitude for. earthquakes larger than about body-

wave magnitude one; This data set is sent quarterly to NGSTOC. It 

is also presented as quarterly, yearly and years-to-date epicenter 

maps and hypocenter cross sections. These maps and cross sections 

are used to monitor the seismicity pattern. Any radical change 

could be cause to suspect an imminent earthquake. 

B. b-values. Upon the completion of a magnitude scale for 

Shumagin Island earthquakes, \ve intend to regularly compute 

the "b-value" or slope of the cumulative frequency versus 

magnitude relation: 

log N == a + bm .• m>m. ~ 
-1 

This is a standard measure of the relative frequency of 

occurrence of small events compared to large ones. If there 

are changes in the bulk properties of the rock in the source 

area for the earthquakes being monitored (due, for exnmple, 

to dilatency hardening), these changes may be reflected in 

the b-values. 

C. V /V 
-p-s 

ratios. The V /V p s ratio is the quotient. of the vc 1 oc i ty 

of the P-wave divided by that of the 5-wove. 1t can be 

detcrmincJ Jircctlr from the slope of ::1 l\ad:1ti di:1gr:1::1 (S-1' 
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time 11lottcd ~gainst P arriva:l t.irnc for the body phases of an 

earthquake at a series of seismic stations). This ratio can 

often be determined better than the individual velocities, 

since their determination depends upon knowledge of the location 

and origin time of the event l"hich is itself dependent upon 

the velocity model assumed in the location program. The V /V p s 

ratio has been shown to decrease by a few to ten percent prior 

to shallow thrust earthquakes (Nursesov, __ ; Aggarwal et al., 

__ ; Whitcomb et al., __ ). This deci·ease is also thought 

to result from a change in the material properties of the 

source region prior to an earthquake. It will be necessary to 

refine our velocity model and to develop source-region-dependent 

station corrections to be able to measure the arrival times 

accurately enough to determine V IV ratios whose scatter is 
p' s 

low enough to observe less than ten oercent changes. It is 

hoped that a great earthquake will be preceded by observabl'e 

changes in V /V . 
p s 

D. Relevant ERDA-supported work. With previous ERDA support, 

a set of broad-band seismograms were collected. Currently 

ERDA is supporting the operation of four Kinemetrics strong-

motion accelerographs. Data from these sources will be analyzed 

to develop acceleration and velocity spectra and acceleration 

versus distance relations which shouid b~ considered in the 

design of earthquake resistant structures. 
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IX. ANTICIPATED PRO~LHIS 

The major difficulty expected with the proposed work is the collec

tion of a uniform data sample. Because of wca~1er and wildlifa 

hazards and equipment malfunctions, it has been difficult to main

tain an adequate network of Qperational stations .throughout the 

year. We havE: made an attempt during the current field season 

to upgrade the quality of the physical installations of a number 

of stations,. especially those which repeat other signals. It i.s 

hoped that the improvements made will significantly increase the 

number of stations which remain operational. However, it is pro-

bably unrealistic to expect a system of this complexity and which is 

subject to severe Aleutian \vinters to survive largely intact for a year 

without maintenance. 

It is important that as many stations as possible do remain opera

tional so that comparison of the seismicity patterns from one 

quarter to the next are valid. If too many stations fail, it will 

become impossible to locate earthquakes in part or all of the study 

area, and the ~esulting seismicity patterns will be skewed or 

non-existent. Therefore, we propose to explore \'lith the logistics 

officer of the Juneau Project· Office ways in which we.might provide 

for one or two unscheduled repair trips to critical malfunctioning 

stations. 

X. DELIVERABLE PRODUCTS 

A.· Digital Data: The hy·poccntcr coordinJ.tes, origin time, 

magnitude and quality information for each earthquake arc 

punched onto an TB~·I c;n·d. The fon:1at i~ th;tt: of the USCS, 

107 



Menlo Pa.rk, as standa.rdi:cd bct1vccn the University of Al<Jska, · 

L-OGO and l\lenlo Park (sec letter to Duta t•1anagcr, .Juneau 

Project Office~ for details). The hypocenter cards nic for-

\\larded· to XGSTDC quarterly~ The cost of providing data in 

this format is negligible. 

B. Narrative Reports. We plan to produce a catalog of the earth-

quakes \IThich have been located by the Shumagin Islands network. 

This catalog '"ill include a listing of the data on the hypo-

center cards; quarterly and annual epicenter maps and hypocenter 

cross-sections; maps of the station locations; and a discussion 

of the magnitude scale used. 

C. Visual Data. We will produce quarterly epicenter maps and hypo-

center cross sections. These will be plotted on 8-l/2 x ll 

sheets. There will be a total of 3 to 12 such maps and sections 

each quarter. 

D. Other ~on-Digital Data. None. 

E. Data Submission Schedule. The fiist data for this contract 

period \~Till be collected in October, 1977. The data collection 

effort will be finished in September, 1978. Data Nill be 

submitted on the following schedule: 

Collection Period Data Submission 

Oct-Dec 1977 Apr 1978 

Jan-~tar 1978 July 1978 

Apr.,June 1978 Oct 1973 

July-Sep 1978 Jan 1979 
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XI, INFOR~IATION REQUIRED FRG:'-1 OTIIER TNVESTIGi\TOitS 

We will require information from marine geophysical lnvcstignt.1ons 

bearing on the stn~ture of the E. Aleutions and the St. George 

Basin. We are in contact with the principaJ invc::;tigntors and \v)lJ 

obtain infonriation from them as needed. 

XII. QUALITY ASSURfu~CE PLANS 

The most critical variable in seismographic work is time. It is 

necessary to read the arrival times of body waves at the various 

stations \vith a relative precision of better than one-tenth of 

a second. This preci~ion is assured by telem~tering regionally 

grouped stations to a common recording center so that all use the same 

time standard. At each of the recording centers a Sprengnether 

crystal-controlled clock is used as a local time standard. This clock 

is compared daily to WWV or WWVH. A strip chart 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 Coordi-

nated Universal Time (CUT). Since most seismic records are referred 

to CUT, our records can be used l.n conjunction l'li th them to an accuracy 

of one-t~nth of a second. This level of timing accuracy imposes a 

limit to the accuracv of location of hvpo.::enters which is of the 

order of one kilometer. --------
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 clements 

needing calibration 3nJ a limit to the dyn:1mic range of the o\·cr:1ll 
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become necessary. ficc~msc of incomplete kn01-:lcc.lgc of the sjtc 

geology, it is difficult to assess the coupling of the sd.smo-

mctcrs to the ground and the transfer function of the locaJ soils 

and crustal rocks. Therefore, there is no good lvay to directly 

calibrate the magnification of a seismic rictwork. As a first 

approximation, we assume that the seismometer responds according 

to the manufacturer's specifications, electronically calibrate the 

rest of the system as installed and compute a theoretical magnifica

tion for eac.h seismograph. Richter-type magr-li tudes ::tre then computed 

for the set of earthquakes where arrivals are not clipped at most of 

the stations. The coda-lengths for these arrivals arc plott~d 

against the Richter-type manitudes to obtain a coda-length magnitude 

scale. The standard deviation of magnitudes computed in thi.s .way 

. is approximately one-half of a magnitude unit., which is about lvhat 

is usually observed. We have examined the individual station devi

ations for bias and found none; therefore, there are no systematic 

errors in calibration for any gi '.'eh station. 

Hypocenter locations are fouGd using a version of Lee and Lahr's 

computer program, 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 kilor::cters, respectively. Hypocenter 

cross sections show a Benioff :o:1c 1,·hich appears to be :;o ki lomctcrs 

thick. ,\;:;suming that all of these events occurTcd on a plane-, this 

1,·ould implr a standard deviation in the locat1rms of :1bout seven 

kilometers. :\otc that this is only :1n estirn;~tc of the k\'C'l of 
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precision 1n the locations. l~c do not have a good csUm~te of the 

accuracy. An evaluation of the accuracy of our hypocenter locaUons 

awaits refinements in the velocity model and relocation usinf! ray-

tracing to determine the effect of the dipping slab of oceanic plate. 

XI I I. ARCIIIVAL PLANS 

All of the original records (tape, film. paper) are archived at 

L-DGO in the Seismology Department's seismogram archive. The only 

exception to this is a set of Helicorder records of the. Pavlof 

Volcano station, PW, which are made by the University of Alaska 

in par~llel to the L-DGO develocorder film record of this station. 

These Helicorder records are archived by the University of Alaska 

(contact Dr. Juergen Kienle). 

XIV. "LOGISTIC REQUIRE~ffiNTS 

Institution: Lamont-Doherty Principal Investigator: Davies 

A. Ship Support: None requested. 

B. Aircraft Support (fixed \.:ing): 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 (seq = sequence, see E, below): 

Base Locations Seq. Seismic Stations Code 

Cold Bay la Akutan Is. AKN 
lb Black I! ills BL!! 
lb False Pass rrs 

l or 2b S.1na k I:::. SNK 
2a ~Ia kush in \":1llc;.r ~IK\' 

2b ( Ba lJ;; ~!tn.) * ( B:\ L) 
3b Deer Is. 11RR 
-fb Dolgoi I ::: . DU~ 

* ·Sen· icc hy truck 
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I 

Sand Point 1* 
la 
la 
lb 
lc 
2a 

Coal llarbor CliR 
BKJ 
IVF 
CN!3 
PVV 
SGB 
NGJ 
ZKB 
SQH 

* 

. 2b 
2c 
3b 

Uig Koniuji. J.s. 
Ivanof Bay 
Chcrnabura Is. 
Pavlo f Vo lea no 
San Diego Bay 
Nagai Is . 
Zachary Bny 
Squaw Harbor 

Must follow Cold Bay "b" stations. 

Port Holler la 
la 
la 
la 
lb 
lb 
lb 
lb 
lc 
lc 
lc 
lc 
2a 
2b 
2c 

Pavlof North-1 
Pavlof North-2 
Pavlof North-3 
Pavlof North-4. 
Pavlof North-5 
Pavlof North-6 
Pavlof North-7 
Pavlof North-8 
Pavlof South-1 
Pavlof South-2 
Pavlof South-3 
Pavlof South-4 
Pavlof Repeater-! 
Pavlof Repeater-2 
Pavlof Repeater-3 

PNl 
PN2 
PN3 
PN4 
PNS 
PN6 
PN7 
PN8 
PSl 
PS2 
PS3 
PS4 
PRl 
PR2 
PR3 

* Five days of flight-time are requested for general repairs at 

least two weeks follo\-.ring the last service trip to make any adjust-

ments that become necessary during this time. 

2. The purpose of these flights is to change batteries 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 Cold Bay 

and Sand Point. Those out of Port Moller are above the 

snow line in June. Dividing the ~ork into two time 

frames alloi>'S a break for personnel 1.;hich is almost 

necessary. The optimum intcn·al bct1.;ccn these time 

fr:1m1..'S "·otdJ be- t\\·o-thn'e (;'l~1::: or !Him:s t)J\l') hl''-'"-:->. 

* ~t this ~ime NOAA is unab~e to provide for unscheduled helicopter support for repair 
tr1ps. Th1s emergency serv1ce can be handled only on a case-by-case basis and is subject 
to approva 1_ by the COTR. 
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The optimum interval between the last servicing i1nd the 

general repairs is two weeks (plus one or two). 

4. Assuming an average of two stations· per day,· an nvcrage 

round trip of one hour, two trips per station and one day 

travel to each base (plus one day for travel for general 

service time), we require: 

19 days of helicopter operations at 

4 hours per day which equals 

76 hours total. 

5. Usually there will be two people, minimum 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. 

6. Weight and dimension of equipment (per station): 

5 air cells "(dry) 22 lbs. ea-. 9xl0xl2 inches 

6 gallons water 50 lbs. total 14:<14 xl4 inches 

2 back packs so lbs. ea. 14x1Sx32 inches 

1 spare antenna 20 lbs. ea. 36x36x6 inches 

1 spare mast 20 lbs. ea. 96x2 (<.liam.) inches 

4 spare guy-bars 10. lbs. tota] 96xlxl inches 

~1i sc. supplies 30 lbs. total 12xl2x24 inches 

7. We have used hoth the :206 and the 205. The 205 is 

preferable, but He c:m usc either. 

S. t-.;0:\:\. if possihle; l\l~nai ,\ir, if not. 

9. Per hotn· l.:'n:-;t~ fllr !\t.:·n:ti .\ir :I!'L'; 

20lJP. $2~15 (.t hour l'ltil. per J;Jy) 

2liS S-:-Stl l I lh'tlr ::::;1. ]'·.·!· ,:.!:·) 
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10. Recommended staging areas arc the base J oc:otions gjvcn 

in (1) above: Cold 13ay~ Sand Point ond Port Holler. 

Note that commercial fuel is a\·ailablc only in Port llcidcn, 

Cold Bay and Dutch Harbor. 

11. Require: Radio for base location and for two field 

partiei. Base and field parties should be able to 

communicate with each other and with the helicopter. 

D. Quarters and Subsistence Support: 

1. Scientific personnel Nill make their own arrangements 

for quarters and subsistence. Cost \vi 11 be covered by 

per diem requested under this and the ERDA proposal. 

2~ Scientific personnel-plan to lodge as follows: 

Cold Bay - U. S. Air Force 

Sand Point - Rent apt. from Shumagin Homes, Inc. 

Port ~toller - Room and board \vi th RCA personnel 

E. Special Logistics Problems: 

The chief logistic problem is fuel. It is available at Cold 

Bay. It must be cached at Sand Point and Port Moller. 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 determines the d~y-to

day logistics, it would b£: useful for the P. I. and the pilot 

to agree several months in advance on the sources so that 

hatterics and equipment could be shipped directly to the b:tse 

from ''hich they \dll he used. ~otc thot sjncc some st:-~tions 

serve as repl':ttcrs for orh~. ... r.s, there is ;~n optimum .sequence 
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for servicing the stations. In Section C, above, the h;1se 

locations have bcci1 given in optimum order; ns h:tve the stations 

associated with eo.ch base. The number nnd letter under "Seq." 

indicate the tclemet!Y sequence and g~ouping, respectively; 

sb for example, Ia's must precede 2a's, but a's can be serviced 

independent of b's. 

XV. ~1ANAGEMENT PLAN 

The data collection proposed is the continuation of an ongoing 

project. The seismic data are ~ent weekly from the recording sites 

to Lamont. A full-time record reader is responsible for reading 

the records, making preliminary locations of hypocenters, producing 

maps and cross sections of these hypocenters, and reporting quarterly 

these data to NOAA. Two graduate students and the principal investi-

gators will evaluate these maps and cross ~ections, produce quarterly 

plots of b-values and V /V ratios, produce velocity and acceleration 
. p 5 

spectra from strong-motion data as it becomes available and under-

take specio.l analysis of larger events (such as focal mechanism 

studies) to understand their tectonic significance. The results 

of these studies and those relevant studies undertaken for ERDA 

(e.g., geodetic measurements of tilt ro.tcs) will be reported as 

they are completed in quarterly and annual reports. 
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XV I • OUTLOOK 

As was indicated in the background section, seismic actjvity is 

quasi-periodic with characteristic periods on the order of decades 

and centuries. The historic data for the Shumagin g<lp indicates 

return periods for Mb ~ 7 and Mb ~ 8 earihquakcs of approximately 

15 and 80 years, respectively (Davies ct al., 1976). Apart from 

other arguments based on the existence of a seismic gap, of: time

space progressions, this fact alone is sufficierit to require careful 

seismic monitoring of this region should major petroleum develop

ment take place in the eastern Aleutian or St. George Basin lease 

areas. The long-term purpose of this monitoring is to establish a 

basic data set upon which an earthquake prediction program would, 

in part, be based. 

Therefore, \ve propose that essentially the present level of seismic 

moni taring be maintained until any major developm.ent work takes place. 

At that point, a real-time earthquake prediction program should be 

established.. The long-term component of this program would consist 

6f three parts: seismic, volcanic and geode~ic monitoring. If 

particular risk areas are identified, then the intermediate term 

component would be activated \vithin those areas. This component 

\vould consist of: increased seismic monitorin.g, perhaps requiring 

OBS deployments or regular detonation of explosives; addition of 

tilt meters anll/or gcodl'tic sunrcys on or around :1ctivc voh:anocs, if 

any, 1~i thin the area; incrca::;cd frequency of rcsun...:-ying g1..'0JL't k 
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lines and figures; the possib lc initiation of othc1~ gcophys i cal 

measurements such as resistivity, radon contents of well or spring 

water, temperature of hot springs; tilt} and stroin. If any of these· 

measurements produce positive results then a short-term component 

of the program \Wuld be initiated, if possible .. This component lvould 

be highly dependent upon th<;l ar<;la to be monitored. It might include 

measurements of microseismicity, static electricity, and anomalous 

animal behavior. 

\~hen it becomes apparent that a major development will take place in 

a given lease area, an earthquake prediction program for that area 

should be planned ·in detail along the lines indicated above, The 

planning of such a program would take about a year. Necessary aspects 

of this program \vould be the continuous .and reliable collection of 

data, and the need for rapid reduction of this data. These aspects 

would probably require the establishment of a full-time staffed 

recording center to \vhich all of the data \vould be telemetered. 

In addition to the continuation and modest upgrading of the current 

seismic monitoring, several other programs should be initiated: 

A. Volcanic ~lonitoring. Volcanic activity has been shown to r.es

pond to .the regional stress (Nakamura, Yoshii, '1:mk, i\lcCann, Berg, 

Stoiber and Carr). Careful monitoring of regional volcanic nctivity 

may help recognize changing stress conditions heralding the onset 

of a great earthqu;:tke. Thercforey some effort should be made to 

continuously monitor at least all of the: active volc:-~noes in~~ ~ivcn 

lE:ase nrca. The tC'chni.quc emp loyC'd cot1ld T:lTI$!e hctwcC'n loc·a 1 event 
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recording (counting seismic disturbancc~s nbove ngiven threshold) 

to continuous telemetry of seismic, tilt, and othcl' data vi;1 satc11 ites. 

The level of funding would determine wh1ch technique could he 

·employed. Bccaus6 the present record of rcgionnl volcanic octivity 

is so incomplete, some systematic attQmpt to monitor this activity 

should be begun ns soon as possible, no nwtter at what funding level: 

B. Geodetic ~1onitoring. Geodetic measurements may be the ~ingle 

most important, long-term data set for the evaluation of the state 

of stress of a given region. Repeated trilateration triangulation 

and leveling surveys in Japan have provided there an invaluable record 

of the preseismic, co-seismic and postseismic deformations associated 

with great earthquakes. For this reason, we suggest that the OCSEAP 

urge that NOS undertake a program of regular geodetic measurements 

in the Aleutian and Gulf of Alaska regions. 

c~ Development of a Portable, Microearthquake Array. For monitoring 

both possible active faults and areas in which an earthquake is 

expected, the availability of a portable, telemetcred microearthquake 

array is essential. The development of this array should be begun 

soon so that it will be available when needed. Valur~ble information 

could also be gained by recording aftershocks of large c:uthquak.cs. 

A portable array, dedicated to short-term projects \vould be ideally 

suited for this purpose. 

D. Development of :m Offshore ~lonitoring Cap3bility. It is 

ob\·ious, sin~.:c all of the lc:Isc arc:1s :1rc offshore :liHl mm::h of the 

seismic a..::tivity n0ar those :1rcas is too, tlwt s01:1l~ mc;ms of 

offshot'\.' =-~~i:-;mi~· !:l,'ilitodu~! is n.'quirL'd. ThL're :1n' so.~\·cral optil111s 
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av:J.ilable at this time. including tethered buoy and ocean-bottom 

S)'stems. Ne propose that an engineering fcasibi 1 i t.y study be 

undertaken to evaluate various kinds of systems in the context of 

monitoring seismic activi~y on thG outer eontincnt::rl shelves of 

Alaska. This problem presents several difficulties which arc 

unique and have not been addressed by builders of ocean-bottom 

seismograph .systems. Among the difficulties are scve~·e storms for 

much of the year, strong currents, intensive fishing,by dome~tic 

and foreign fleets, and the need for long-term recording under 

conditions where access may be limited to the summer months for 

recovery and/or ~epair. Following this feasibility study proto

types should be deployed and tested. This system might be incorpor-

ated into the po~table microearthquake array. 

1. Nature of Final Results and Data Products 

A. Seismic Monitoring: Quarterly seismicity map, 

hypocenter cross sections, and b-value and V /V p s 

ratio plots. 

B. Volcanic ~lonitoring: Quarterly counts of volcanic 

events. 

C. Geodetic ~1onitoring: Annual resurveys of level 

lines and braced trilatcration/triangulation figures. 

D. MEQ Portable Array: Seismicity maps from possible 

·active faults, unusually nctive regions, aftershock 

zones, erupting volcanoes, etc. To be dedicated to 

short-term projects (one year or less). 
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E. OBS Seismic Detection: Development of an offshore 

~!EQ capability. Results s:JmG ns D, 2.hovc. 

F. Earthquake Predictio~: 

Long Term - Weekly redu~tion of seismic and volcanic 

data; monthly seismicity maps, hypocenter cross 

sections, b-value and V /V ratio plots and counts p .s 

of volcanic events. Quarterly resurveys of selected 

geodetic figures. 

Intermediate Term - Daily reduction of seismic, 

volcanic and other geophysical data. Weekly seismicity 

rn~ps, counts of volcanic events, plots of V /V 
. p s 

ratios and other geophysical data. 'Monthly plots of 

b-values and resurveys of selected geodetic figures. 

Short Term - Daily reduction and plotting of all 

geophysical data. Weekly resurveys of selected 

geodetic figures. 

2. Significant Milestones 

FY 79 Moderate upgrading of seismic monitoring. 

Significant upgrading of volcanic monitoring. 

Establishment bf leveling lines and braced 

figures on Kodiak Island, Shumagin Islands. 

and Dutch llarbor. 

(Tie to ERDA-supported, L-OGO-installed tide 

gauges and to NOS tide gauges.) 

Design and build portable, arctic ~lEQ arr:ty. 

DL'S i g n OBS sci sm ic dl.' r t'L" r ion s ys t l'lll. 

Plan long-term carthqu~kc prediction program 

(present contract). 
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FY 80 

FY 81 

FY 82 

Continuation of seismic, volcanic and geodetic 

monitoring. 

Deployment of ~1EQ array on possible fault. 

Construction of protot)1JC OBS seismic detection 

unit. 

Implementation of long-term earthquake prediction 

program in Shumagin gap. 

Plan intermediate-term earthquake prediction 

program. 

Continuation of seismic,rvolcanic and geodetic 

monitoring (incorporated into earthquake 

prediction program, if implemented. 

Redeployment of r.1EQ array to new area. 

Construction of 10 OBS seismic detection units. 

Plan short-term earthquake.prediction program. 

Implement intermediate-term earthquake prediction 

program, .if necessary. 

Continuation of seismic, volcanic and geodetic 

monitoring. 

Redeployment of array on neH fault, or other 

area of interest. 

Deployment of OBS sci5rnic detection ~rr:1y, 

perhaps in conjunction \.:ith ~lEQ :trray. 

Implement short-term cnrthCJU::lkc prcdictjon 

program, if necessary. Maintain long-term 

prediction effort in Shumagin gap. 
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3· Additional r.tajor Equipment. Rcoluircd 

A. Seismic monitoring - none. 

B. Volcanic monitoring - four telcmetered seismic 

stations and recorders. 

C. Geodetic monitoring - depends upon NOS, if they do 

not provide equipment, then a gcodimeter and acces-

series would be required. L-DGO could provide a 

small~ short-range (< 6 km) geodimeter and Zeiss 

Niii level. 

D. ~1EQ array - six, telemetered seismic stations and 

portable field recording gear. 

E. CBS seismic detection array - ten instruments to be 

designed, prototypcd and fabricated. 

F. Earthquake prediction - staffed recording center, 

space to be rented, some new telemetry and recording 

gear, playback equipment for tapes. 

4. Location of future Field Efforts. 

A. Shumagin gap - If major exploration/development 

takes place here, then a long-term prediction program 

should be instituted. GC'oJctic and volc:mic monitor in~ 

should be begun as soon as possible. 

B. Other major plate hotmc.lary arcns (Kodiak, Cook 

Inlet, Gulf of Alaska) - Same as A, above, except 

slightly lower priority for earthquake predjction 

program. 
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·c. Saint C,eorge Basin - This basin appears to be fault 

~ont.rolled. There is some minor evidence. that. these 

faults may be active. This is an example of a place 

\~here the OBS seismic detection array would be 

invaluable. The nearest land-ba·sed seismometers are 

about. 200 km away from the center of the basin and 

must be run at 10\V" gain due to the surf noise. 

Therefore, it is impossible to locate small (Mb ~ 2) 

earthquakes in this area. 

5 • Logistic Requirements 

A. Seismic and volcanic monitoring - Same as for existing 

efforts, annual helicopter servicing of remote. 

stations. 

B. Geodetic monitoring - A substantial geodetic program 

would require that a party of at least four be in 

the field for three months each summer. Thi·s \'lOuld 

:require continuous support, either from a ship, or 

better, a helicopter. 

C. MEQ array - Depending upon the particul~r research 

target, the array may be inst:1lled for a year at :1 

time and rcloc:ltC't.l. t'ach summC'r or more often. If 

rccort.l.ing is :1t a remote site, supplies 1:1ay h:n·c to 

be flcHm into an opC'rator. 
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D. OBS seismic al;'ray - Depending upon final design--if 

t.elemetered or designed for long-term submersion-

may have.to be serviced once a year by ship; land

based telemetry would be simiiar to existing seismic 

network telemetry. 

E. Earthquake prediction program - A staffed recording 

center may be achieved either ·by renting space in a 

village close to data collection area, or by tale

metering all of the data, via satellite, to an 

existing facility such as the Tsunami Warning Center 

in Palmer or the Geophysical Institute·of Fai~banks, or 

to L~DGO in New York. 

E. Other Information 

1. ERDA Contract: The major operational support for the 

seismic network is under contract number ERDA (11-1) 3134 

with the Energy Research and Development Administration. 

The NOAA support has been designed to be complementary t9 

this contract. It provides for logistic and personnel 

support that otherwise would not be available, with the 

effect of providing hazards analysis on a timely basis 

for the purposes of the OSCEAP program. The logistic 

support provided by NOAA has allowed the installation of 

additional strong motion instruments under the EFnA 

contract which otherwise would not have been possible due 

to budgetary constraints. Thes12. strong motion instruments 

will provide invaluable data for the design of earthquake 

resistant structures. 
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XVI I. 

1. 

2. 

Updated Activity/~Hlcstone/llata ~lanogcmcnt Charts will be 

submitted quarterly. 

Quarterly reports will be submitted in sufficient time during 

the contract year to be in OCSEAP hands by the fi :rst day of 

January, July, and October, annual reports by April 1. The 

Final Report will be submitted within 90 days of the termi

nation of the contract. 

3. Where biota are concerned, all species and higher categories 

will be represented by the voucher specimens that will be 

p:reserved, labelled, held, and shipped to an official OCSEAP-

designated repository in conformity with OCSEAP voucher speci

men policy. Vouchering will include life history stages 

(e.g. J larvae, juveniles, adults) , ... hen these are used, and 

sexes \vhere 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 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 nnd per 

diem for these trips will be borne by the Project Office. 

5. Data will be provided in the form and format specified by 

OCSEr\P. accompanied by a data documcn tat ion form (:-!0:\A ~4 -13) . 

6. Data \-:ill be submitted \dthin 1~0 <.l:ly::; of the completion of 

a cruise or 3-month data collection p0rioJ, unless a ,.,.rittcn 
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waiver hns been-received from the Project Office. This docs 

not apply to report requirements (sec 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 Nith OCSEAP funds remains 

with the U;S. Government pending disposition at contract 

termination. 

9. Three (3) copies 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 rele~se for informa-

tion and for forwarding to BU-1. 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 \d 11 ackn01vledge BU.1/0CSEAP sponsorship. The 

following acknowledgment is standard: 

"Tlhs study wos supported by the Bureau of L~nd ~klnogcmcnt 
through interagency .:JgrcC'mcnt \vi th the N~tiono 1 Occo.ni c 
and Atmospheric Atlministr::J.tion, under which a multi-yc~r 
progr::J.m responding to needs of petroleum development of the 
Alaskan cont i ncnt;tl she"l f is m:1nnged hy the Outer Conti ncntol 
She 1 f Envi ronmcnt::tl Assessment Pro!!ram (OCSL\P) Offi cc . 11 

126 



MILESTONE CHART 
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1 

BACKGROUND 

Over the past two years it has become increasingly difficult to maintain 

reliable recording at the Dutch Harbor seismic station. Several persons have 

agreed to operate the station only to give up after a few weeks or months of 

trying to keep four different recorders and an exacting time correction 

system operational. Because of the life st:yle and telephone system in. Dutch 

Harbor and the distance to New York it has often been months between failure 

of the seismic system and the possibility for remedial action. 

1.J'e have considered several possible solutions to this problem. The solu

tions fall into three catagories: (a) cease operations temporarily or per

manently; (b) telemeter all of the data for recording elsewhere, e.g., Sand 

Point; and (c) s~plify the recording at Dutch Harbor such that a local per

son could be expected to operate the station. Cessation of operations has 

been rejected on the grounds that possible strong-motion data and the ~equi

site associated short-period data are valuable enough to spend the funds and 

staff time necessary to obtain them. Telemetry of the data to Sand Point could 

be accomplished either by utilizing the commercial phone system or installing 

a 5-station VHF repeater link. The former would cost about $10,000 per year 

for rental of a phone channel and about $5,000 in set-up equipment. The latter 

wo.uld cost $13,000 for set"':'UP equipment and $1,000 a year for batteries plus 

servicing costs; with a high probability for failure since the failure of a 

single station would cause the loss of all the data. Simplifying the recording 

system would cost about·$10,000 with minimal requirements in additional logis

tic support. We have chosen this option in the following proposal. 
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2 

PROPOSAL 

We propose to replace the operator-intensive recording and timing system 

at Dutch Harbor with a tape-recording system that places minimum requirements 

upon the operator. The principal rationale for this proposal is that with 

such a system in place we should be able to find in Dutch Harbor a person 

capable and willing to operate the system far more reliably than is now 

possible. 

The existing recording system in Dutch Harbor consists of 3 Helicorders, 

a two-channel Autocorder, a TSlOO clock and a WWV time receiver. The Heli-

corders require paper changing once a day and gain changes by the operator to 

avoid pen damage. The Autocorder requires an exacting change of paper rolls 

once every eight days and gain changes to avoid pen damage. The TSlOO clock 

must be calibrated against WWV daily. 

The proposed system is a modification of a L-DGO system now.in operation in 

Nurek, USSR (Figure~). The Dutch Harbor system (Figure 2) is designed around 

2 four-channel TEAC tape recorders. The amplitude-modulated signals from the 

discriminators (for remote·stations) and amplifiers (for local instruments) 

are monitored by event detectors (E.D., Figure 2). The. event detection is 

based on comparison of a short-term average .(STA) to a long-term average (LTA) 

of the signal. When the STA/LTA ratio exceeds a selectable value a pulse is 

sent to the control unit. The frequency modulated signal~ are mL~ed and re-

corded on a delay loop on the first tape recorder. Also recorded are an IRIG B 

BCD time code and a one kilohertz reference tone. Whenever a pulse is received 

by the control unit the contents of the tape loop are recorded on the second 
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. tape r,ecorder. The· clock is automatically synchronized to l-1\N via a· satellite 

relay of the standard time broadca~t. The lo0 ps_ and the reels of tape will 

be changed approximately once per week. The single long-period helicorder 

will remain to provide the operator feedback on the condition of the long-

period seismometer. ·If the daily paper change on this component becomes too 

onerous it can be omitted without affecting the operation of the tape system. 

The event tapes will be played back on existing facilities at L-DGO. 

The advantages of this proposed system are: 

(1) Minimum time and skill are required of the operator; 

(2) No operator is required to achieve time corrections; 

(3) Time corrections will be made.via UHF satellite signal rather than IIF 

ground station broadcast. This should increase the frequency of good 

time corrections because the magnetic substorm activity in the auroral 

regions will not affect the UHF signals nearly as much as the HF ones; 

(4) The/system can record up to 16-24 stations; 

(5) Only events are recorded on the data tapes, eliminating time-consuming 

scanning.of records; 

(6) Tape recorded data can be automatically filtered and/or digitized de-

pending upon the use to which it will be put. 

This proposal is made in two versions. Version one includes $3,200 for test 

equipment for which we have no back-up and which if lost or damaged would 

seriously jeopardize the servicing of the remote stations. Version two includes 

only the items required to install and operate the proposed analog event recording 

system. 
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Figure 1: Block diagram of Nurek recording system. Three channels of multiplexed 
FM data (6 seismic components each} are recorded continuously on the 
primary tape deck. When an earthquake occurs, the event detector switches 
on the secondary tape deck, which records the data, delayed by 5 seconds 
in .the primary tape deck. When the secondary deck turns off, an ident
ification mark is written on the heliocorder to show which events have 
been transferred to the secondary deck. If an event remains above the 
detector threshold for less than 10 seconds, only a short record is mad.e. 
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TECHNICAL PROPOSAL 

I. Title: Finfish Resource Surveys in Norton Sound 

·Research .Unit: R.U.l9 

Contract Number: 

Contract. Period: October 1, 1977 through September 30, 1978 

II. Principal Investigator: Louis H. Barton 

III. Cost of Proposal 

C. Total: $59,000 

D~ Distribution of Effort: 100% ~orton Sound lease area. 

· IV. Background 

. Work proposed in ihis paper represents a continuation of data col
lection on the-pelagic finfish resources in the ne~rshore waters of Norton 
Sound .. Initial funds were made ava.ilable in Fiscal Year (FY) 1976. 
In that year reconnaissance-type StJrveys of the nearshore and-offshore 

·waters in the study area were conducted to determine the spatial and tem
poral distribution of pelagic finfish. Spawning populations of herring 
and other foraging finfish were examined as well as a subsistence utili
zation survey of fishery resources by local residents. In. FY77, collection 
of data continued at the 11 nominaP level in· selected nearshore waters 
from the Yukon River Delta to Port Clarence and in offshore waters in 
Norton Sound and Kotzebue Sound. Propo"sed work in FY78 is designed for 
more detailed studies in selected areas which exist a·s potential high' 
impact areas from petroleum related activities; areas which may or may 
not typify other coastal estuaries throughout the study area. Specific 
objectives can be found in section V. In addition to nearshore sampling 
in selected areas, aerial surveillance for spawning herring stocks will 
be phased-down to minimal coverage to complement FY76 and FY77 studies 

·and fill in any data gaps which may still exist. 

V. Objectives 

1. Describe species compqsition by season and area for onshore fish 
populations in selected areas using a varity of sampling gear designed . 
ta sample juvenile and adult forms. 

2. Delermine trophic relationships for major fish species by examination 
of gut contents. 
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3. Describe spawning areas and seasons for major species. 

4. Determine age dependent movement of populations and seasonal growth 
characteristics. 

The relevance of these studies to an en~ironmental assessment 
of the Alaska Continental Shelf will be to provide information on fishery 
resources potentially subject to impact from petroleum related activities; 
seasonal periods when a particular fishery resource would be most vulnerable 
to impact in terms of its life stage (i.e., juvenile vs. adult); areas and 
their usage during various life stages of development of major fish species 
(e.g., spawning, migration, feeding, etc.); and existing trophic relation
ships which would be potentially subject to impact. Such knowledge would 
enhance proper planning, exploration and development of petroleum activities 
in the study area to insure necessary protection to fishery resources. 

VI · Genera 1 Strategy and Approach 

Aerial Surveillance. 
e. 

A. Aerial surveillance, to complfment FY7~ and FY77 studies, will 
be conducted during estimated spawning dates in major herring 
spawning areas. This limited coverage in FY78 will constitute 
the phasing-out of OCS herring spawning surveys. It is felt ·1 imited 
coverage will be necessary to complete data gaps identified from 
1976 and 1977 studies. 

B. The number of schools observed, estimated surface area and location 
of each will be documehted. 

C. Study Area: Major spawning areas from lower Norton Sound to/and inclu
d~ng the Seward Peninsula. Such areas will include St. Mike, Cape 
Denbigh, Golovin Bay, Port Clarence, Shishmaref and Eschscholtz Bay. 

Nearshore Finfish Sampling 

A. 

B. 

In estuarine and nearshore areas within one mile of the coastline, a 
variety of sampling gear (seines, gillnets, small trawls and townets) 
will be fished. A continual evaluation of gear types will be made to 
sample a larger spectrum of fishes at various life stages. Selected 
study areas include the Port Clarence Complex, Golovin Bay and the Moses 
Point/Elim area. 

Major emphasis will be placed in Port Clarence as it exists as a major 
potential impact area from petroleum related activities. Port Clarence 
is the only large vessel deep water harbor north of Dutch Harbor on the 
west coast of Alaska and consequently, is a potential major staging or 
refueling area for large vessels associated with oil exploration and/or 
development. The first phase of sampling, limited reconaissance surveys 
of this area with seines and gillnets, was ihitiated in FY77. FY78 studies 
will be intensified to a major plateau level to meet the objectives cited 
in Section V. 
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C. Based upon analysis of FY77 results, permanent sample stations will 
be selected and rep~tatively fished in Port Clarence with various 
gear types. Data obtained for catches will be standardized'and reported 
by gear type,date and hour, location, distance from shore and water depth. 
Weather and ice conditions will be monitored and water temperature and 
salinity measurements taken. All catches will be recorded (by species), 
measured and major species preserved for· subsequent food habits studies . 

. In addition, age and relative maturity examinatio\will be made. 

D. SCUBA diving will be employed to measure and map ·marine vegetative types, 
spawning areas, spawn density and egg deposition, substrate type and 
collect samples as needed. · 

E. Two spring-summer sampling seasons of gathering data on fishery re
sources at the 11 nominal" level in Golovin Bay will have been completed 
by October 1 , 1977. These studies wi 11 be phased out in FY78, whi 1 e 
at the same time, assessment of the feasibility of future trophic relation
ship ~tudies in Golovin Bay and the Moses Point/Elim area will be made. 

VII. Sampling Methods 

Sampling in the Port Clarence complex will be c6nducted from 22 foot open 
skiffs by two 2-man mobile crews. If funding is made available in a timely 
manner, intensive sampling will .be initiated in the fall of 1977 (October 1 
until freeze-up) and then from breakup (late June - early July) until September 
1978. Limited winter sampling (test fishingLmay be attempted or else winter 
subsistence catches of major species sampled for length, age and stomach analysis 
as funding level permits. Spring, summer and fall sampling will consist of 
fishing various types of gear (to include variable mesh gillnets, seines, small 
trawls and townets). Sampling stations will be selected and repetatively fished 
with consis~t gear types to determine spatial and temporal distribution charac-
teristics of fish species. · · 

Not more than 120 fish per species ~ill be measured per set. Subsampling 
of major species per set for age, stomach and relative maturity analysis 

will be conducted. Subsampling effort will be adjusted in accordance with size 
of catches and necessary time and cost involved for subsequent analysis. 

SCUBA diving will be employed as qualified personnel are available to 
determine and map vegetative types in selected areas.· Any spawning areas 
will be defined and extent and density of spawn documented.. Underwater photo
graphs will be taken of various spawning areas and habitat types and presented 
in quarterly and annual reports. 
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Sampling in Golovin Bay will commence October 1, 1977 and 
continue through freeze up. Sampling will resume following ice breakup 
in late May-early June and continue on a limited basis throughout FY 78. 
Sampling stations selected in 1976 and 1977 studies will be repetitively 
fished to bridge any data gaps which may still exist. Sampling will be 
conducted by a two-man crew from a 16 foot open skiff and will consist 
of variable mesh gillnets and beach seines. This crew would be deployed, 
as possible, to the Moses Point/Elim area to assess the feasibility of 
future trophic relationship stuaies. Biological sampling will include 
length, age, stomach and relative maturity analysis. The number of 
samples from these areas will be much reduced from studies being conducted 
in Port Clarence area. 

With the exception of detailed studies in Port Clarence. 
in FY 78 distribution of sampling effort in other sections of· the 
Norton Sound study area may be somewhat altered pending analysis of 
FY77 results. 

VIII. Analytical Methods 

Spatial and temporal distribution of various species will be 
examined by comparisons of catch per unit effort by gear types through-
out the study period. Other data analysis will include age-length 
correlations with time ~qr examing age structures and growth characteristics; 
and qualitative and quanltative analysis of stomach contents for major 
fish species to assess trophic relationships. 

IX. Anticipated Problems 

The OSCEAP Juneau project office has stressed in their guidance 
letter for preparing the FY78 project proposal that 11 seasonal 11 

relationships be examined. Because of initial late funding of the 
first OCS Norton Sound program in FY76, sampling began in the 
near shore waters near the end of June. Sampling terminated in 
mid September due to a delay in funding (December 1977) of the FY77 · 
project. Consequently, only three months have been sampled since 
inception or Norton Sound OCS work •. Therefore it is stressed here 
that any delay in funding of the FY78 proposal will negate fall sampling 

~ctober and November). This is imperative if seasonal 
comparisons are to be made. A commitment on funds must be made to the 
Sate of Alaska, Department of Fish and Game not later than September 1, 
1977 to insure 1977 fall sampling (October 1, 1977 through freezeup) 
can be conducted. This is in view of the fact that the State of Alaska 
SOP in reference to receiving and spending federal funds, equipment 
purchase calender dates and contract award vendors must be adhered to .• 

The largest single problem which will affect the entire program 
will be inclement weather and size of the study area. The North Bering 
Sea and Chukchi Sea are subject to frequent high winds and storms 
especially in the fall months. In order to cope with this problem, 
crews will be equipped and located in sample areas from breakup 
to freezeup to take advantage of sampling conditions whenever 
possible. Hypothermia is a constant threat and therefore all field 
crews will be equipped with floatation jackets. All crew members 
sampling the inshore coastal waters from open skiffs will be equipped 
with the survival su'its. It is hoped that inclement weather will 
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I not create the problems experienced in 1976 and 1977 since most 

effort will be confined to bays or inlets which offer more protection. 

A problem encountered in FY77 studies was experienced by having 
to absorb part of the state OCS coordinators (Pete Jackson - Kodiak) 
salary. The FY77 proposal was not inflated by OCSEAP, as initiallY 
we were informed, by an amount sufficient to cover part of these 
expenses. Consequently the FV78 proposal has been inflated by funds 
sufficient to cover 2 man months of salary for this position over 
and above actual R.U. 19 operational costs. If these additional 
monies are rejected the entire proposal is subject to change due to 
the high cost of salaries. 
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X. Expected Products 

A. Digital Data - Attached 

B. Narrative Reports: 
or not any special 
and annual reports 
investigations. 

It is not known at this time whether 
reports apart from the required quarterly 
will be prepared from results o~ these 

C. Visual Data 

a. Maps identifying sampling sites. 

b. Charts illustrating: 

(l) Seasonal distribution of principal life stages 
for each major species or species group. 

(2) The primary use made of area, i.e., migration) 
feeding and/or spawning. 

(3) Primary spawning areas and depths for major species 
where applicable. 

c. Figures and tables showing: 

(l} Seasonal changes in species composition at each 
sampling site. 

(2) Seasonal changes in relative abundance for principal 
life stages of major species or species groups at each 
sampling site. 

(3) Seasonal use of sampling areas, i.e., migration, 
feeding, and/or spawning. 

(4) Seasonal changes in food habits for principal life 
stages of major species or species groups. 

(5) Life history table of major species or species groups 
to include: 

(a) spawning areas. 

(b) spawning time. 

(c) growth rates (including l.arval stages). 

(d) age class composition. 

(e) foraging areas (where applicable) • 
(f) food habits by principal 1 ife stages. 

d. Photographs (as possible) showing: 

(1) Littoral zone habitat types. 
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(2) Spawning habits and substrates for major species 
(where possible) 

D. Other Non-digital Data - none 

E. Data Submission Schedule - Attached 

XI. Information Required from Other Investigators 

No information is required from other investigators in order 
to carry out field investigations. Information ·contained in copies 
of the OCSEAP quarterly and annual report series will suffice for 
assisting in preparation of necessary reports. 

XII. Quality Assurance Plans 

All sampling techniques, materials and calibration of instruments 
will be held consistant among field sampling crews and previous investi
gative techniques. 

XIII. Sample and Voucher Specimen Archival Plans 

All policies developed by the OCSEAP staff in respect to collecting, 
preserving, recording, labeling and submitting voucher specimens will be 
adhered to. Voucher specimen\$ were obtained by this project in FY 
76 and 77 and plans are to conlinue this practice during FY 78 studies. 
However, any policy development should be made practical, since in many 
cases .individuals carrying out such policies ar~ working in isolated 
areas with minimal storage area and transport capability. 

XIV. Logistics Requirements -Attached 

XV. Man.agement Plan 

A. Commercial Fisheries OCS State Coordinator, Peter Jackson, 
technical supervisor and overall coordination with other 
OCS projects. 

B. R.U.l9 Principal Investigator, Louis Barton, 12 months program 
coordinator technical and field supervision and 5 months data 
summary, analysis and report preparation. 

C. Artie-Yukon-Kuskokwim Regional Supervisor, Ronald Regnart, 1 
month administrative supervision. 

D. Artie-Yukon-Kuskokwim Regional Research Supervisor, Bill Arvey', 
2 months technical and administrative supervision assistance. 

E. Arctic Area Biologist, Fritz Kuhlman,·l month logistic support 
and supervision assistance. 

An Activity Milestone Chart is attached. 
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XVI. Outlook 

Assuming that the research proposed for FY78 is successfully carried out, 
then a' final year of limited sampling in Port Clarence to fill data gaps would 
be conducted in FY79. Such sampling could be conducted periodically by a single 
2-man crew. Cost would be minimal (about $10,000) with most expense arising 
from temporary salaries. · 

Pend~ng FY78 feasibility studies for trophic relation~~ip investigations 1 

in the Golovin Bay, Moses Point and Elim areas, a major plateau level of sampling 1 

may be initiated in those areas in FY79 (about $150,000) and. then phased out in 
FY80. The objectives and expected data products of these investigations would 
hold consistent with FY78 Port Clarence studies. 

) 

In FY79 limited sampling in the Yukon River Delta would possibly be initiated: 
to assist in planning a trophic relationship study the following year. In that 
same year {FY79) some of the logistical problems which would be expected for 
detailed studies in this area would be examined and initial steps made to solve 
these prior to a major plateau level of effort in FY80. Such activities would 
include a reconnaissance of the study area for location of a field office, 
purchase, transportation and fabrication of a cabin from which to operate and 
coordinate field sampling and store equipment. This would entail aeriAl\ and 
ground reconnaissance for site selection and freighting a rigid wall ~ut 
cabin into the study area from Anchorage to.Nenana and then via barge from 
Nenana. Cost of the FY79Yukon River Delta work would be about $25,000. 

Work in the Yukon River Delta would reach plateau level in FY80 with a 
final year of sampling probably conducted in FY81. Field activities of 
these studies would be designed to determine the seasonal distribution and 
movement by species into and within the study .area, growth and relative maturitY 
of major species and trophic relationships of major species. Expected data 
products would hold consistent with those of the FY78 Port Clarence investi
gations. 

In FY80 work in the nearshore waters (wjthin one half mile of shore) of 
the Yukon River Delta would be carried out by not less than three 2-man mobile 
crews (about $150,000). In addition sampling the offshore waters of the 
delta complex would be conducted, possibly via large vessel. Actual cost 
would depend upon charter rates. Offshore sampling would be with variable 
mesh gillnets, townets and purse seines to examine the distribution and 
seasonal movement of fish species associated with the delta complex as well 
as collect specimens for subsequent stomach analysis. It is felt that the 
Yukon River Delta, in terms of biomass of fish produced, is perhaps the 
most important ecosystem in the Norton Sound/Kotzebue Sound areas. By lying 
near the proposed Norton .Sound lease area, the Yukon River Delta is subject 
to possible impact from oil exploration and development. Consequently, major 
contamination of this area in the case of oil spills could have devastating 
effects upon fishery resources common to the area. 
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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 repository in 
conformity with OCSEAP voucher specimen po 1 icy. Voucheri ng wi 11 in
clude 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 
project status and progress. Such reviews will be scheduled on dates 
mutually satisfactory to both part1es. 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 3 month data collection period, unless a written waiver has been 
received from the Project Office. This does not apply to report 
requirements (see papa. 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 con.tract termination. 

9. Three (3) copies of all publication or presentat~on manuscripts per
taining to technical or scientific material developed under QCSEAP 
funds will be submitted to the appropriate Project Office at least 
sixty (60) days prior to release for information and forforwarding 
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 acknow
ledgement 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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OTHER INFORMATION 

1. The Principal Investigator shall actively lead and .supervise 
the proposed work, and shall take full responsibility for 
timely complet1on of all objectives, independent of the percentage 
of the Principal Investigator•s salary requested in the budget. 

2. Beyond the personnel listed in item XV -management plan~ all 
field personnel hired on a temporary basis will be selected 
from applications submitted to ADF&G for employment prior to 
field investigations. Temporary personnel presently working 
under R.U.l9 in Norton Sound will be solicited for further 
work pending approval of proposed FY78 work. 

3. Other persons authorized to conduct negotiations: 

Peter Jackson 
OCS Coordinator 
Alaska Department of Fish and Game 
Commercial Fisheries Division 
Kodiak, Alaska 99615 
Phone number 486-5751/59 

Steven Pennoyer 
Chief Research Scientist 
Alaska Department of Fish and Game 
Commercial Fisheries Division 
Subpart Building 
Juneau, Alaska 99801 
Phone number 465-4224 

4. The Alaska Depart~ent bf Fish and Game, Division of Commercial 
Fisheries is presently conducting four OCSEAP funded studies 
as follows: 

1. R.U.l9: Finfish Resource Surveys in Kotzebue Sound and 
Norton Sound. 

2. R.U.512: Pelagic and Demersal Fish Assessment in the 
Lower Cook Inlet Estuary System. 

3. R.U.486: Demersal Fish and Shellfish Assessment in 
Selected Estuary Systems of Kodiak Island. 

4. R.U.l9: Forage Fish Assessment Surveys, Southern Bering 
Sea. 

Renewal guidance has been received and FY78 project work statements 
are being submitted for items 1, 2 & 3 above plus three additional 
proposals as follows: 
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1. Characterization of spawning forage fish stocks on Kodiak 
Island with emphasis on the east side. R.U.# not assigned. 

2. Cooperative finfish assessment surveys in the Kodiak and lower 
Cook Inlet areas. ~.U.# not assigned. 

3. Assessment, life history, and inter-species relationships of 
nearshore fish communities in selected buy systems of the 
Aleutian Island Lease area. R.Ur486. 
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Table 1 

Definition and Rapge of File Type 57 Digital Data Parameters 
Utilized in Studies Proposed for R.U. 19 in FY 78 

Record Type Headers - I dent i ca 1 for a 11 Record Types 

COLUMNS ·IDENTIFICATION ATTRIBUTES FORMAT RANGE 

1-3 File Type I3 .. XXX ~~~r 
4-9 File Identification I6 xxxxxx 050178-093078 

10 Record Type I4 X 1-4 
: . 

Record Type 1 

ll-:-16 Survey Date I6 xxxxxx 780501-780930 

17-20 Time Begun I4 xxxx 0001-2400 

21-23 El a sped T·ime I3 xx.x 00.1-10.0 

24-30 Latitude Survey Begun A7 XXXXXXA 623000N-670000N 

39-45 Latitude Survey End A7 XXXXXXA 623000N-670000N 

31-38 Longitude Survey Begun A8 XXXXXXXA 1600000W-1690000W 

46-53 Longitude Survey End A8 XXXXXXXA 1600000W-1690000W 

54-59 Aircraft Number A6 XXX XXX N/A 

60 Aircraft Type I1 X 1-9 

61-74 Observer - Last N~mber A14 xxxxxxxxxxxxxx N/A 

Record Type 2 

11-13 Census Area I3 XXX 031-048 

14-20 Latitude of Census Area A7 XXXXXXA 623000n-670000N 

21-28 Longitude of Census Area A8 XXXXXXXA 1600000W-1690000W · 

29-31 Length of Census Area I3 XXX km 015-250 

32-34 Altitude I3 XXX M 050-600 

35-37 Airspeed I3 XXX km/hr 100-300 

38 Cloud Cover I1 X 0-9 

150 



Record Type 2 (cont.) 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

39 Vi si bil i ty I1 X o-9 

40 Sea State I1 X 0-9 

41-42 Weather Code I2 X 0-9 

43.:.44 Wind Direction I2 XX 0-9 

45 Air Roughness I1 X 1-3 

46 Fishing Type Seen I1 X . 1-4 

47 Fishing Gear Seen I1 X 1-4 

48 Tide I1 X 1-4 

49 Survey Rating Index Il X 1-5 

50 turbiditY I1 

Record Type 3 

11-13 Census Area I3 XXX 031-048 

14-17 School Number 14 xxxx 0000-0500 

18-24 Latitude A7 XXXXXXA 623000N-670000N 

25-32 Longitude A8 XXXXXXXA 1600000W-1690000W 

33-36 School Location I4 XXXXM 0-1500 
11 

37-46 School Species no xxxxxxxxxx N/A-

47 School Activity I1 X 1-3 
2 

48-52 School Size I5 . XXXXXM (Not Used) 

53 Beach Type 11 X 1-5 

54 Biota Type 11 X ·1-5 

56 School Size Index A1 A S,L,M,U 

57-58 No Schools Seen A2 XX 0-50 

c. 

1/ NODC Taxonomic Code - March, 1977. 
l:Sl 



COLUMNS 

11-13 

14-76 

77-80. 

IDENTIFICATION 

Census Area 

Explanatory Text 

Sequence Number 

Record Type 4 

ATTRIBUTES 

13 

A63 

I4 

152 

FORMAT 

XXX 

XXX ••• XX 

xxxx 

RANGE 

031-048 

N/A 

N/A 
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COLUMNS 

1-,3 

4-9 

10 

11-12 

13-14 

15-16 

17-19 

29-35 

36-43 

44-49 

50-53 

54-55 

56-58 

63 

70-73 

76 

89 

90 

91 

100-104 

Table 1 
Definition of File Type 23 Digital Data Parameters 

Utilized in Proposed Work for R.U. 19 in FY 78 

Record Type Headers - All Record Types 

IDENTIFICATION 

File Type 

File Identification 

Record Type 

Record Type 

Agency Code 

Vessel Code 

Cruise Number 

Haul or Set Number 

Latitude 

Longitude 

Date (GMT) 

Time (GMT) 

Gear Type Code 

Duration of Fishing 

Performance Code 

Mean Bottom Depth 

Sounding Record 

Present Weather 

Cloud Amount 

Sea State 

Sequence Number 

ATTRIBUTES 

I3 

I6 

I1 

FORMAT 

XXX 

XXX XXX 

X 

1 - Haul ·.'Record 

I2 XX 

A2 XX 

A2 AX 

I3 XXX 

A7 XX.XX.XXA 

A8 XXX.XX.XXA 

I6 xxxxxx 
I4 xxxx 
I2 XX 

I3 XX.X Hrs. 

I1 X 

I4 XXXX M 

I1 X (Blank) 

I1 X 

I1 X 

I1 X 

5 XX XXX 

153 

RANGE 

023 

050178-113078 

1-4 

21 

_02-24: A-X 

N/A 

0-999 

623000N-670000N · 

16ooooow-169oboow 

80501-780930 

0-2400 

10-92 

00.1-24.0 

0-8 

0-100 

1-5 

0-9 

0-9 

0-9 

N/A 



Record Type 2 

Not used in thi~ study. 

Record Tx~e 3 -Miscellaneous Gear Record 

COLUMNS IDENTIFICATION ATTRt.BUTES FORMAT RANGE 

11-12 Agency Code I2 XX 21 

13-14 Vessel Code A2 XX 02-24: A-X 

15-16 Cruise Number A2 XX N/A 

17-19 Haul or Set Number I3 XXX 000-999 

20-21 Gear Type Code I2 XX 10-92 

26-27 Net Depth I2 XX M 0-99 

34 Gear Material Code I1 X 0-2 

39 Seine - Average Body Mesh I1 X 0-9 

40 Seine - Bunt Mesh I1 X 0-9 

41-42 Gillnet, No. of Shackles I2 XX 1-20 

43 Gillnet, Material I1 X 0-2 

44 Mesh A1 A 0-9: A-D 

65-68 Depth of Gear I4 XXXX M 0-20 

10~-104 Sequence Number IS XXX XX N/A 

Record Type 4 - Species Catch Record 

11-12 Agency Code . !2 XX 21 

13-14 Vessel Code A2 XX 02-24 :· A-X 

15-16 Cruise Number A2 XX N/A 

17-19 Haul or Set Number I3 XXX 0-999 

24-33 Taxonomic Code no xxxxxxxxxx ]j 

34-41 Total Weight by Species !8 xxxxxx.xx kg. y 
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Record Type 4 (cont.) 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

42 . Weight ,Determination Il X 1-2 

43-48 Total Number of Species I6 xxxxxx N/A 

49 Number Determination I1 X 1-3 

50-59 Total Weight by Species no xxxxxx.xxxx kg. 2/ 

100-104 Sequence Number I5 XX XXX N/A 

NODC Taxonomic Codes -March, 1977. 1/ 

2/ Total Weight of Species recorded in Columns 34-41 for large trawl ·haul? 
where .01 kg accuracy_ is acceptable. In catches by smaller gear types 
single fish are frequent and more decimal places are necessary, the total 
weight by species wtll be recorded in columns 50-59. 
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Data Products Schedule 

Data Type Media Estimated Processing and 
(ie. Intertidal, {Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, {Volume of Format by PI Period Submission 

. etc.) tapes, disks) processed data) (If known) (Yes or No) (Month/Year to Month/Year) (Month/Year) 

Herring aerial disketts 1 '500 1 ines 57 Yes Jun 78 - Sept 78 Dec 78 
surveys 

Pelagic & demersal disketts 5,000 lines 23 Yes Oct 77 - Sept 78 Dec 77 & 
finfish Dec 78 

---- -.. ~- ---.:---
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l~\JOR X!LESTONES 

.rHLESTONE CHART 

19 PI: Louis H. Barton 

Major Milestones: Reporting, dhta management and other significant 
contr.act.uaLrequirements; periods of field vtork; workshops; etc. 
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RFx41-19-569 

Louis H. Barton 
.Alaska Department of Fish & Game 
Commercial Fisheries Division 
333 Raspberry Road 
Anchorage~ Alaska 99502 

Reference: Research Unit .#19 

Dear Mr. Barton: 

Required Proposal Revisio.ns for FY 78 

Your FY 78 renewal proposal entitled "Finfish Resource Surveys in Norton 
Sound .. has been reviewed by the Juneau Project Office. On July 29, 
after our guidance was developed for your original proposal, OCSEAP was 
informed by the Bureau of Land Nanagement of a substantial budget reduction 
for FY 78 •. This reduction in budget requires a severe revision of 
overall program content, which has affected your research unit. The 
following revisions are required before your work statement can oe sent 
to our Contracting Office for funding: 

1. The overall funding level should be reduced to $59.000 for science, 
$0 for logistics. This funding level must not be exceeded. 

2. FY 1978 efforts should be restricted to the completion of laboratory 
processing and analyses of data obtained in FY 76-77 with the 
interpretation and reporting of the results. No field work should 
be performed during FY 78. Approximately $9,000 should be allocated 
for the preparation of a final report on the Southeastern Bering 
Sea component of the research while the remaining $50,000 should be 
used to prepare a comprehensive final report on results of the 
Norton Sound ... Kotzebue Sound investigations. 

' 3. The narrative portions of the final reports should describe methods, 
spatial and temporal intensity of sampling, current. status of 
knowledge, descriptions of statistical treatment,· and results, 
including, as appropriate, discussion and conclusions on: 

a. Spatial-temporal distribution of spawning forage fish species 
within and between areas. years and seasons. 

b. Spatial-temporal distribution of onshore and nearshore-shallow 
pelagic finfish species - within and between years~ areas and 
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seasons. 

c. Spatial-temporal distribution of offshore pelagic fish species. 

d. Food habits and age-growth analyses of selected species. 

e. Data gaps and needs for additional studies. 

4. Visual and digital data products should conform to those in the FY 
77 proposal or subsequently negotiated. 

5. Please submit a revised milestone chart showing the altered research 
plan for the Norton-Kotzebue and Southeastern Bering Study areas 
separately with anticipated dates for data submissions and major 
events in the final report production cycles. 

6. Please submit a revised budget. 

The final funding level and conmitment are contingent on approval of the 
FY 78 OCSEAP budget by the Bureau of Land ~~nagement. 

If you have any questions concerning any of the above guidance, please 
phone the Juneau Project Office, (907) 586-7436. 

Your letter agreeing to these changes, or a revised work statement, must 
be sent to and received in the Juneau Project. Office, with a copy to 
Boulder no later than September 2, 1977. If there are extenuating 
circumstances which prevent you from meeting this schedule, please phone 
the Project Office. The short deadline fs required to ensure continuous 
funding of your project in FY 78. 

Upon receipt of your work statement, revised in accordance with the 
above guidelines, we will initiate contracting procedures for FY 78. I 
look fo~Jard to your continued involvement in our program. 

Sincerely, 

Herbert E. Bruce, Ph.D. 
Bering Sea - Gulf of Alaska Project Manager 

cc: Program Office 
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DEPART!tiENT OF FISH & G.A\1\-.IlE 

October 5, 1977 

Mr. Laurie Jarvela 
NOAA/OCSEAP Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

Dear Laurie: 

JAY S. HAMMOND, CoYernar 

P. 0. BOX 686 - KODIAK 996/S 

Regarding your letter of September 27, 1977 requesting a statement describing 
the rationale and cost breakdown for the autumn 77 field studies for R.U. 19 
Finfish Resource Surveys in Norton Sound: 

Our purpose in requesting extension of ongoing Norton Sound studies into the 
fall is to facilitate completion of the seasonal data continuum originally 
desired by OCSEAP on the distribution, abundance, timing and specfes composition 

·of nearshore finfish stocks in specified areas initiated in FY 77-l- · Termination 
of this work in October would have precluded this seasonal continuum initiated 
immediately following the spring 1977 breakup. Objectives for this extended 
work are unchanged from those stated in our FY 77 \'lark statement for R.U. 19. 
With the FY 77 funds remaining in R.U. 19 (due to termination of the large · 
vessel charter because of ice conditions), existence of FY 77 carry_.over monies, 
and the fact that FY 77 field crews are stiJl in the field, this extended work 
can be accomplished for $10·K in addition to the $50 K available for project 
wrap-up and completion. 

Extension of FY 77 studies by R.U. 19 through November of FY 78 \tould accomplish 
the following: · 

1. Continue ongoing nearshore finfish assessment in the Golovin Bay and 
Port Clarence studies through November (or freeze-up) as per FY 77 
objectives and methodology described in our \'lork statement~ 

2. Cortinue ongoing assessment of the spatial and temporal distribution 
of spawning herring and capelin stocks by aerial surve·1llance on the 
Seward Peninsula with emphasis on species identification of schools 
seen. 

Results of these fall FY 78 studies will be analyzed during FY 78 and incor
porated into the R.U. 19 project completion report due September 30, 1978. 
This report .\'lould permit analyses and comparisons bet\'/een two successive 
seasons, one being complete from break-up to freeze-up. 
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MILESTONE CHART 

RU #: !19 - Norton Sound PI: Louis H. Barten 

Major Mi1eston~s: Reporting, dnta MQnngcment and other ~ignific~nt 
contractual requirements;. periods of fi ei d \'lark; \vorkshops; etc. 

_l~\JOR X!LESTOl\ES 
r:-'f-:'_0 
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data - File Type 023 
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ment data - File Type 057 X X I I I . i 
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~ to NODC for archivj11g · · · __ _.: :._,_ --1--t--l- . _ _
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___ 

111
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...... Analysis of ~Y- 77 data in preparation for report X X X X X 

·--X- -X -X -X --X -X -X - I ~1]-- f-;i'1 j'-.l_-l' . Preparation of project~completion report 
~F_i_n_a,-i-z-at_i_o_n_a_n_d_e_d_i_t-in_g_of_p_ro_J_.e_c_t_c_o_m_pl_e_t-io_n_r_ep_o_r_t_~~~-·------~ rTT/ ~-~~-j- I 

:I Submission of project completion report to Juneau -J--·1--'--1---f--·- -l-.+-,--t--,;....·_Lj_-, l-i---~~ 
Project Office . . X I j • ! 

~,F_i_n~al_r_e_v,-'e_w_o_f_F_Y_7_7_d_i_g-it_a_l_da_t_a_p_r_i_o_r_t_o_~_u_b_m_is_s_i_o_n~-~~- c--~·--·--,,-1 ,1, !, ·r,·. I~ 
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(~AJOR X!LESTOXES 

MILESTONE CHART 

RU #: 1 19 Extension P!: Irving Warner 

Major Mi1estones: Reporting, d~ta Managc~ent and other signifit~nt 
contractual requirer.tents; periods of fieid \·torr.; \·torl~shops; etc. 



ASSESSMENT OF POTENTIAL INTERACTIONS OF 
MICROORGANISMS AND POLLUTANTS FROM 

PETROLEUM DEVELOP~NT 

RU 29 

Principal Investigator: Ronald M. Atlas, Ph.D. 

Departmenft of Biology 
University of Louisville 

Louisville, KY 40208 

·cost: 

Dates: October 1, 1977 - September 30, 1978 

j~ 
Ronald M. Atlas 
Principal Investigator 
502 588-6773 

~;::;~ ;:on.·~-
. resident 

502 588-6153 
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TECHNICAL PROPOSAL 

I. Assessment of Potential Interactions of Microorganisms and Pollutants 
from Petroleum Development. 

RI1 #29 
Contract # 03-5-022-85 
Dates: October 1, 1977 ~ September 30, 1978 

II. Principal Investigator: Ronald M. Atlas 

III. Total Costs $158,800 

Distribution of effort by lease area: 50% Beaufort sea 
SO% Lower Cook Inlet 

IV. Background 

Microbiological research in the Beaufort Sea 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 biod~gradation 
was carrieC. out. A recent OCSEAP-sponsored workshop 6n micro
biology pointed out the many deficiencies in our understanding 
of microbiological processes and biodegradation of oil and 
recommended continuation of these studies in the Beaufort Sea. 
The fate of petroleum in Arctic marine sediments and under sea 
ice has not previously been extensively studied. 

Microbiological research in the Cook Inlet was commenced· 
in FY 77~ During the first year of the work distribution of 
microbial populations were determined and some work on biodegradation 
was carried out. A recent OCSEAP-sponsored workshop on microbiology 
pointed out the many deficiencies in ourJunderstanding of micro
biological processes and biodegradation of oil and recommended 
continuation of these studies in the Lower Cook Inlet. 

V. Objectives 

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) Determine the processes of incorporating petroleum 
in the bottom sediments and the biodegradation in 
these sediments. 

2) Determine the processes of biodegradation and weather
ing of petroleum in and under sea ice. 

3) Determine geographical distributions and densities of 
microbial populations ·between Prudhoe Bay and B~rter 
Island. 
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Determine the distribution of microbiological populations in Lo~er 
Cook Inlet and adjacent areas and assess the potential interaction of 
microorganisms and pollutants produced by petroleum development on the 
outer continental shelf. Specifically: 

1) Determine seasonal and geographical distribution and 
densities of microbial populations in sediment and water. 

2) Determine the potential rates limiting factors of the 
processes of biodegradation and weathering of petroleum 
in water and sediment. 

3) In coordination with Project RU190 examine denitrification 
processes and the influence of petroleum hydrocarbons on 
nitrogen cycling. 

VI. General Strategy and Approach 

,Beaufort Sea sediment and ice will be exposed to Prudhoe crude 
oil by establishing small contained spillages. For sediment open 
plexiglas trays will be used and for sea ice open stainless steel 
cylinders. For sediment studies an area near Pt. Barrow not subject 
to bottom ice scouring will be used. Both under and over ice spillage 
studies will be conducted in a nearby area. Under ice spillages will 
be established during periods of ice growth and ice acretion. 

After various periods of exposure replicate samples will be 
recovered, the residual petroleum hydrocarbons and other lipids 
extracted with solvent and the extracted components analyzed as 
described below. Microbial hydrocarbon utilizing populations in 
the oil treated samples will be enumerated, characterized by numerical 
taxonomic procedures and compared with populations of hydrocarbon 
utilizing populations in adjacent unoiled samples. 

Additionally samples will be collected from a ship cruise in the 
Beaufort Sea east of Prudhoe Bay. Densities of microbial populations 
will be determined by direct epifluorescent counting and by viable 
plate count procedures. Numerical taxonomic characterization and 
cluster analyses will be performed on heterotrophic microorganisms 
i~olated fr~m wat~r and sedime~t samples. ~tes of oil biode~rada
t~on potent~als w~ll be determ~ned by measur~ng the rate of 1 co2 
release from Prudhoe crude oil spiked with various 14c radiolabelled 
hydrocarbons. 

In lower Cook Inlet water and sediment samples will.be collected 
from ship cruises. Densities of microbial populations will be deter
mined by direct epifluorescent counting and by viable plate count 
procedures. Numerical taxonomic characterization and cluster analyses 
will be performed on microorganisms isolated from water and sediment 
samples. Cluster analyses will also be completed on isolates from 
previous sampling cruises. 'Rates of oil ~iodegradation potentials 
will be determined by measuring the rate of 14co2 release from Cook 
Inlet crude oil spiked with various 14c radiolabelled hydrocarbons. 
Also studies on denitrification will be conducted by placing sediment 
samples in vials with and without crude oil replacing the atmosphere 
of the vial with helium and measuring the rate of N2o and N2 gas evolution. 
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VII. Sampling methods. 

VIII. 

In the Beaufort Sea one summer cruise between Prudhoe Bay and Barter 
Island is planned for sampling and characterization of microbial popu
lations. Water will be collected with Niskin sterile water samplers. 
Sediment will be collected with a grab sampler. Approximately twenty 
stations will be l?ampled in this are.a. Experimental sediment oil spillages 
are presently being established near Pt. Barrow._ It is p~anned to have 
divers recover replicate samples during the winter (November-February), 
spring (May-June) and summer (August-September). During periods of oil
treated sediment recovery, experimental under and over ice contained 
spillages will be established and periodical~y sampled. Oil will be 
recovered from ice by cutting or coring ru1 ice block containing the oil. 
The position of the oil in the·ice will be determined visually and by 
sectioning the ice core and performing chemical analyses'for the presence 
of hydrocarbons. · 

' In Cook Inlet samples will be collected during one late summer and 
one late winter cruise. Samples will be collected along estab~ished 
transects and will include collection of beach samples. Water and 
sediment samples will be collected as described above. Sampling tran
sects will be extended through the east and west entrances of Cook 
Inlet to Kodiak Island. Since the NOAA vessels generally depart Kodiak 
Island, this additional sampling is a logical extension of present 
sampling allowing for comparison with microbial populations in adjacent 
connected water masses. Approximately twenty stations will be sampled 
on each cruise in Cook Inlet~ 

Analytical methods. 

Micr~organisms will be enumerated and characterized by procedures 
described in ·.previous reports o.f this p.cojt!ct. Total numbers of micro
organisms will be determined by direct counting procedures. A variety 
of selective media and incubation conditions will b~ employed to 
enumerate physiologically differentiated microbial populations. Hetero- · 
trophic microorganisms selected at random from representative samples 
will be extensively characterized using morphological, physiological, 
biochemical and nutritional tests. Cluster analyses will be performed 
to determine the taxonomic groupings of microorganisms in sampled 
areas. Average linkage sorting will be used in addition to single 
linkage analyses. Results of cluster analyses will be used to calculate 
microbial diversity indices. Hydrocarbon utilizing microorganisms 
will be enumerated by plating and MPN procedures. For L"l.PN procedures 
release of 14co2 fro~ 14c hydrocarbon spiked oil will be used to score 
positive tubes. Counts in excess of double poisoned controls will 
be r~quired to .establisi1 positive 14co2 production. 
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VIII. (Continued) 

Oil biodegradation potential will be determined as described 
in previous reports of this project. Cook Inlet or Prudhoe crude oil 
spiked with 14c radiolabelled hydrocarbons (hexadecane, decane, pris
tane, ·naphthalene or benzanthracene) will be used. 

For analyses of crude oil exposed in sediment and over or under 
sea ice in the Beaufort Sea, the oil will be recovered by Soxlett 
or liquid-liquid extraction ~ith ether. Recovered oil will be 
analysed by gas chromatograpny using packed Apiezon L columns and tempera
ture programming to determine the rates of degradative loss of resolv
able components. Also, the persistence of resolvable hydrocarbons 
adsorbed onto sediment will be determined by this method •. For detailed 
identification of persistent hydrocarbons gas chromatographic-mass 
spectrometry will be used. GC-MS analyses will a~so be used to 
identify new compounds which accumulate due to microbial degradation 
and biosynthesis. The accumulation of such compounds has been 
found in tundra soils and freshwater lake sediments exposed to petro
leum hydrocarbons. The identification of these compounds has not.been 
determined and potential tox±cities of these products are ·totally 
unknown. Mass spectrometry-will also be used to determine .the compo
sition of residual petroleum according to major hydrocarbon classes. 
Programs for compositional ~nalyses of petroleum residues and identifica
tion of persistent hydrocarbons and products are available through. 
the NIH computer facilities. 

IX. Anticipated problems. 

Problems have been encountered with obtaining nutrient analyses. 
New arrangements for these analyses through Project RU190 should · 
overcome these probleltlS. Las·t minute changes in ship scheduling 
have also created problems in this project. The major anticipated prob~ 
lem.is with weather and ice conditions in the Beaufort Sea. Ice condi-

. tions will determine the extent and location of sampling that can 
actually be· conducted~ in the Beaufort Sea. 
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x. Data Products Schedule 

·- ---------- ------

Data Type 
(ie. Intertidal, 
Benthic Organisms, 
etc.) 

Oil degradation 
rates 

Densities of 

l·ledia 
(Cards, cod
ing sheets, 
tapes, disks) 

Disks at NIH 

microbial populations II 

Characterization 
" of microbial 

isolates 

Estimated 
Volume 
(Volume of 
processed data) 

1000 tracks 

" 

II 

OCSEAP 
Format 
(If knm·m) 

special 

II 

II 

Proce$~ing and 
Forrua t i ng done 
by P. I. 
(Yes m~ No) 

Yes 

II 

II 

I 

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

Collection 
Period Sub:niss~on ~ 

(Nonth/Year to i·ion th/Ye~r) (Honth/'l ear) 

(Oct. 1 - Dec. 31/78 Jan. 31/78 
(Jan. 1 - Mar. 31/78 Apr. 30/78 
(Apr. 1 - June 30/78 J:uly 30/78 
(July 1 - Sept. 30/78 Oct. 30/78 



X. (Continued) 

Products - Beaufort Sea 

Narratives of methods and results, including tables of species, 
densities and geographic location of microorganisms. Tables of 
rates of hydrocarbon biodegradatio.n. Table of chemical composition 
of p~troleum residues under ice and in sediment-and any new products 
that accumulate. Cluster analysis of microorganisms in the Beaufort 
Sea samples. To be included in quarterly reports and in reports in 
the scientific literature. 

Digital ~: Popu~ation counts and distributions (Disc. storage 
at NIH) • 

Visual ~: Maps of seasonal distribution of microorganisms. 
Graphs of composition, biodegradation rates, etc. 

Products - cook Inlet 

Narratives of methods and results, including tables of species, 
densities and geographic location of microorganisms by season. 
Tables of rates of hydrocarbon biodegradation. cluste~ analysis, 
of microorganisms in Lower Cook Inlet samples will provide informa
tion on physiological groups present in water and sediments. These 
groups include organisms capable of organic degradation and hydro
carbon degradation. To be included in quarterly reports and in 
reports in the scientific literature. 

Digital data: Microbial population counts and distributions. 
(Data are on computer disc storage at NIH, Washington, 
D. C.) • 

Visual data: Maps of seasonal and geographic distribution of 
microorganisms. Graphs of species composition, 
biodegradation rates, etc. 

169 



XI. Information required from other investigators. 

The work in this project will be closely coordinated cruise 
samples shared with Dr. Morita's project RO 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. Dr. Morita has contacted the Juneau project office regarding 
the need for these nutrient analyses. Salinity, temperature and 
accurate positional data will be required from vessel personnel on 
each cruise. Data analyses will have to be provided through separate 
interagency agreement with NIH. 

XII. Quality assurance plans. 

Instruments used in the analysis of the 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. 

XIII. Sample archival. 

Any necessary archival of isolated microbial strains will be 
made by deposition with the American Type Cul.ture Collection, 
Rockville, MD. 
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BEAUFORT .SEA 

XIV. !-OG ISTICS REQU TREf·IEilTS 

Please fill in allspaces or indicate not applicable {rl/i,). 
necessary. F_.:c~~J·.:::t Fhe i te11s cc:-'c~:~~~:; lc:_;~·-.t:i·::: sl:~::-!d ~~~ 
described un these forms. 

RU !i 
11iscip1inP 
Area of op~~-r:!-don 

Use additional s!12ets dS 
k"'""'rl t:t:: t'-·~ rrd~•'· 1 -'r1t i~CI:J 

I:iSI ITUTIO~I University of Louisville PRir~CIPAL Iil'/ESUGATOR Ronald Atlas ---
,-· ,--- 'H_L_;) __ 'lli;c:-0-RT -- ---.---~ 
I r'\. .J l ,J .. I I _,_.~ 

i. Del in?.:.H2 proposed tr_acks and/or sampling qrids, by le~, on a chart of tf-lf! areJ. -·, 
Inc1ude a 1 ist of proposed station geographic positions. Plover Pt. for _in situ oil 

·exposure experiments, transects from Prudhoe Bay planned for FY 76 Glacier Cruise maximum 
i57 sta,t;.i;c:ms.l ._ c b- ,_. . 1 · + 1 '/ . t 1- 'd ·.--.-. ----; -· LJe:lcr:De ~.ypes 01 o ::.~rva;..lOns ;,:o oe mau2 on, ... rac.<s anc or J. edc., l]n ~:.::1<:tOr). 

Include a description of shipboard sampl'iny operations. Be .as specific and com- I 
pr2hensive as possible. For shipboard sampling water and sediment will be collected 

1

1 

,'with Niskin sterile water and bottom grab sampler. · 

.. ' l 
~Jhat ; s the optimum time chrono 1 ogy of observatfons on a 1 eg and sea sona-1 Jc1sT:~~ 
and what is the maximum allowable departure from.these opti~um times? (Key to 
chart prcpa red under !tom 1 \'Jhen necessu ry for c 1 a ri fica t ion. ) _· ________ j 

Summer when ice conditions permit. _ 

i---::-1~~.- 1-iO<.·J lni:l!;j sea days ar·e required _fC?r each h:g? (Assume vessel C!'UIS1n~j spt:ed Oi ,. 

14 knots for NOAA vessels. Do not include running tiQe from part to begi~ning 
point and from end point to port and do not include a \'JP.ather factm·.) j 

_., . . . ""lo 1 

~-- 5. O.:.i· youcon-sicl~r your investigation to be the principJ1 one for the operaT.kn {f:<.Js 
requi r·i ng other activities to piggyback or could you p·i ggyback? 

6. 

Can coordinate with·other. 
Approximately hm·t n:a.ny vessel hours per day vJill be required fm· yoLw obs::l·vatio:ls 
and must th-ese hours be dw·ing daylight? Include c.n estimate of sampling-tim::: on 
station and sample processing time bet\·te:::n stations. 1 hr. 1 station 

What equipment and personnel would you expect the ship to provide? 
grab and winch. STD costs. positional data 

Bottom sainpling I 

\·ihat.1~ u·.e approximate \·~eight and volume of equipment you 1di1 bring? -~ 
1000 lbs· 200 cu. ft. 

7. 

---::::----:--c-:--::---; 
8. Will ysur data or equipment requtre special handling? Yes If yes, pie2se I 

descri~e: fragile. Media must be refrigerated. I 
:--9. \·ii fG~u n~q~lit·e any gasses and/ol· chemica-ls? Yes if yes, tiley shct:·:.~ :~e-e-.n-~-

board ·:·he ship prior to dep-~rture ft·om Se.:ttle 01~ lm·Jed for shi r:J.: by 
· ___ b.? rqe . __ co2 for dry ice. 1 

10. Do yo~.· liave c. ship preference, eith-:.14 NOAA or non-r·;o . .;r\? If "yes" piee:se r~i-i7.o.:: -;:"i!Cl 
vessel and qive the reasc.n fo:~ so specifying.· Glacier or eq~ivalent vessel j 

!L l ;: y·:'l; :·e(orm:end the use of a non-rm.;.;:, vessel, 
cost a::: h.::ve you verified ·Hs availa:_,ility 

is the per sra d~Y 

NA 

P. HT:.' t:;:;;~-~--:j::op1:.' r,:ust y0u h?:•:':' (1f'! ~Oi'l-~ f0r ?2'.: 11 ·1 8J? i:--::bc:e :~ l~st o{ p:::!:· .... ·:~:-
1 · pants, ·: -·:-ificc.llly identifying any 1-Jho are foreign nationals. 

2 - to be named 
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---------·---·-------· ---- --·····~----'- _______ .,,. .. •··--·· 
--:-D~::----0-\.!_.:\ __ ,-.• -:I:.-· -~,-.>-t\..-.,-U-J-.-;i--.J-.>-... ;; t c .. .;cE. SIS:'PuRT 

1. \~h..1t ::ire")•our r;,;·qu~r:e~-·~quar~:e:r.; nncl suLsi;;t~-nce i[11Tte ficlcl a~--~·a·r----
(These rcquirl'!m~nts should be brok2n 'lown by (:t) lucatlon, (h) cal<.!nd.u· p<.:>C iod. 
(c) number of pel:'sonnt!l per day. and total man days pt!r p~riucl) 

Barrow - NARL 
divers 2 persons/day 
for 3 samplings 

Total 120 man days 

For preparation intransit to shipcruise 
and return. 2 persons/day Total 30 man days 

2. Do you recornmentl a particular source for: this supp01:-t? If ''yes 11 pleas~. name 
the source and the reason for your reco~uendation. 

NARL - require laboratory facilities 

.- .. -------·----
3. What is your esticatcd per can day cost for this support ~t ench locotiun? 

? 

Hm-1 did you derive this figure, i.e., what portion represents quarters <:nd -v:h.1t 
portion represents subsistence and is the figure based on estnblished co[~~rcial 
rates at the location or on estimated costs to establish and maintain a field 
camp? 
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····" .......... ·--·-···· ......... ~---~---·-
sp;:c[,\L LOGISTICS PROBLENS 
\·:~1at special logi::; tics prob le:ns .cia you :.1nt ic ipatc u::der your propusa C~aJ·Tl;·;~;-
do you propose that the p~oblams be solved? (Provide cost estimates and in
dicate whether you propose handling the problemB yourself or whether you must 
depend on 1\0A.A to solve them for. you? 

NOAA through N~ will have to provide vehicle and labor 
support for diving operations including assistance in cutting 
hole in ice, assistants for tending safety lines and heated 
hut for diving operations. · 

r 

Will require wet lab and incubator space at NARL and aboard 
sampling vessel. 

., ; 
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:'• ror u~~t~~ us~ un•J· \ 
RU II- · 
n i 5<;) flli""OP . --. . . ... . • ........ I 
1\rr.a of ·opr?r;l tion ___ 1 COOK INLET 

~.Q.G I ST~iJ.'~.9_l}_!_R_F:.!:~iiJ~ ----··----·-·--·----I I 

!~'"""' It' ( 1 ··~ rr•l••' 1 ·'11~. irc1:1 I 
!:!dSe fill in all spilces or indh:Jtt~ not applicilhlP (tl/iq. 
ces:;ary. !'jT~t l.;nc! He·ns CC"t::'""-·::"; lr·.::--.~1::-; ·; 11;·:1~d '"' 

scri bt:.'d un Uwse for:ns. ·! 
Sl ITUTIQ~I University of Louisvi·lle .. _____________ , .. __ _ PIU!ICIP;\L ItiVESTIGATOR Ronald Atlas 

---- ... _ ....... _.- ----------------------.. --·- --·----- ....... ..:... ... _.,_ .. , __ --.. ·-·--- ---- --··---- .. -·---! 
'5HI1) ~.IJ1)F'ClrH 

-~l~[;:~·:··y ~ ~~~o~~o p ~~~;-~""~~~-~~a~ "'~~~~~Y~;:~! a~-~ :~~~-;,~:u;~~R~~-~ir ~~;~~~i~;::: I 
used on previous operations. Also samples along transect from Kodiak to Cook Inlet. 11 

:. Uc~i:r~:)e t:ypes o·f obs2r·v~i:ions ~a be l:i:i-~T.~·o;l tr~r.·~:s·~~;-iJcTTo:.·-::l"t'(~;;(;h rJri'rT .. ::J-~!()~1:"-
Include_;J descript~on of shipboard Sulllplinu ~per·;1tions. Be as specific and co:n- 1 

prehen51Ve uS poss1ble. E'o:r shipboard saJitpling, water and sediment will be collected/ 
with Niskin sterile water and bottom grab sampler. · · 

.. . 
L ~:nat is the optimum tim~ -chroi-ioTogy of-c)hserwi tf~-ns.oc1:··a-·ir-~u a n(f~5-ei!~~cm.1l- ~;-;·s-r.; 

aml \·that is the maximum ill101vubl!! uepEtrturP. from ti1ese opl:ilillllil tirnes? (l:ey to 
chitrt pt·ep~lred under Itr.m 1 \·tilr.n necessc:n·y for cl«rificut ion.) Fall - oct. - Nov./7'7 

. Spring - March 1978 . 

I 

.. __ .. ______________________ ··---(·-------·------- ---···· .. ···------ ·-· -·---·----· .. -- --
L lloH matrJ' S:!a days i:it'C required for eaciJ h:q't i\ssuHH~ ves~;t:!l c:ui!:iin~r ~,pi:<:d oi /·· 

111 knots fm~ HOAA vessels. Do not· include~ running ti1;1(~ fl·C1ro port to beQir,nfnu ·1 
poirit and from end point to port nnd do not ·inclucli~ n \•/P.iltllel· fc.,CLOl·.) . I 

•• , ~4 10 I 

,~--.-o:; you-c.~1ii~"-; clcr youi:.-Ti1.ves ff"ua fi on to be-the-TrTiic:·:i paT one- fa·t::-Tii8-oper<;·-;_r(.~1--~}ld5 
requil·ing oth~:r activities to piggyhilck or could you p·ig9ybacl~? 

Can coordinate. 
Approximately hm·l mi'lny vessP.l hours per clily \'Jill he l"Njtdn~Cl far· you1· oh,::rv:Jtion:·. 
and mt:st these hours IJc during duyl i~Jilt? l11cludc i1tl estimate! of Sii!llpl in~1- tim.: on 
stution and sample processin9 tim(.! bcl\·te::n stulions. 1 hr 1 station, longer 
periods for collecting beach samples. 

. -'--··----------------_:. .. :._. __ , ____________ . _____________ .:_ __ . ____ ! 
6. l~hilt equipment and persomwl \·IOuld you cxpC'ct tile ship to prov·ide'! Bottom grab 

and winch. STD costs. positional data. 

T:--R!i·~-t-T:.- the ai}i)l-oxiir.:; t.e \·n:i qht aile! vo-. fiiiiie()fc"tlii.flj;~-en t ycu\.:i ff'tir1i1~J·?-........ ______ ~J 
1000 lbs 200 cu. ft. •. · 

·p=-, .-..,..\\-:-;1iTf"y:mrJa tiior·; et!U•i plnelit'i:(~·(fui re"$-j);::c-1 ill 'Tii.'ini:fn'ii"g-;? Ye-;----iT j'C5 :--,;-i(~ ~c -·--- ! 
descri~e: fragile media requires refrigeration. 

0-. -l.fil·ry.·,~- t'('(;~l1rc"M1:y-~ia·~-s--iil7ci7o-~-=-cTi'l,;nTc~JTsT--tes·--·-·--n,..ycs ,-tTi(ly s'fi6·[;·i r! ·1)e (:j,
boord.'.hc ship prior to d('!H~rturc fn1m Scclt.tlc·-(,·l·-t:fii1e ... ~llm·h"cl for shi:n<-r:~: ~~.v 
barQA. C02 for dry ice. 

-;---~i)·-·-·- ~ . ·L--;-··--·-:·--....... -·--·.---·--. -;-.·--·--·----·-~---;--·;:·-;;---.----.;·----.- • ·-··-:· ·--1 
~). o yo~· lic.vc; a S111p preiercnct:, c1 t.h·?r r:o;;li or nnn-r·;\1,,/',! Jr yes' p,r•c::s\~ c1iti:!:~ ~~~c 

vcssrl and qivc~ the rcasc, 11 fo 1• so sp\~Ci fyinq. NOAA Miller ·Freeman or Discoverer. 
Need wet lab space, incubators and stable platform. 

------··- ~------· ···-·- ·---- --·-.. ·- ---- • .. -·------··-• ·-*- -·-·-----·-·--·· .. -·-·-"'- -·~·-·· .. ··-·-··-----·-,. ·••I 
1. li y·:·l; :·,~(on:~:~nd t'ht! us~ of a non-riu.:,i; vc~:..el, \·:h::t i~ tile p0r sc-<1 ci~~i' c!,::ri..er-

?. 

co:.t. i:J: ri h.·v~ you verified a~ avail;,:.i1Hy . 
NA 

liT.-:-;:;:,~·.·. ;i::Qi)'l·:~ust y0l!l\:::.:·:;- .:'n :);~.:.r-i-(~1-r ':'r'='l ',-;_:··~:'? ~.:::-~1~0!~ =~ Ti'st n~·,.-~~;~-"-~:~
pants, ·: -·:-ificillly_identifying any \·:ho are foreign nationals. 

2· Dr .. & Mrs. Tatsuo Kaneko 
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XVI. Outlook. 

Assuming that the proposed work for FY 78 is completed according 
to the milestone schadule, taxonomic analyses of samples collected 
in the Beaufort Sea during summer 78 will remain to be completed. 
An additional winter sampling east of Prudhoe Bay during winter 78-79 
will be desira..tile., OVerall sampling should be seasonal. Futw::e 
field efforts should fill in the gap between Cook Inlet and the 
Beaufort Sea by gradually extending the sampling north to the Aleutians 
and into the Bering Sea and south into the Chukchi Sea to the Bering 
Sea. ·These s.tudies should continue to identify the distribution of 
microbial populations in potential continental shelf petroleum lease 
areas. Studies should include taxonomic characterization of hetero
trophic, including hydrocarbon utilizing, populations. Oil biodegra
dation potential experiments should be conducted simultaneously in 
new araas of study. Sufficient replicate oiled sediment samples are 
being placed in the Beaufort Sea to allow for multi-year recovery and 
long-term analyses of persistence of petroleum ~ydrocarbons in Arctic 
marine sediments. Future experiments on the fat::e of petroleum 
should concentrate in areas of li~ely active development in the near 
future. Future equipment needs are unknown at this t::ime. Logistic 
requirements should be similar to FY 78. Costs for continuation of 
this project in FY 79 should_be at approximately the same level as 
proposed for FY 78. 

. . 
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XVII. 

1. Updated Activity/Milestone/Data Management Charts will be 
submitted quarterly. 

2. Quarterly reports will be submitted in sufficient time du~ing 
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. · i 

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 p~rties. It is 
understood that costs of the travel and per diem for these trips 
will be borne by the Project Office. 

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. 

s. 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 ROSCOP data collection inventory form (NOAA 24-23) will 
be submitted to the Project Data Manager. 

7. Title for all property purchased with OCSEAP funds remains with 
the U. S. Government pending disposition at contract termination. 

8. Three (3) copies 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 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. 

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

"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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XV • RU !! : 29 PI: Ronald Atlas 

Major Milestones: Reporting, data ~Jnagement and other signific~nt 
contractual requirements; periods of field work; workshops; etc. 

~r----------------------------------------------~~,~0~7~7---~--------------T~-,.~' 
~ '~ JO~ v-LES ... O'' ~ S 1-::-' _;~:---r.--.--·~:--r---:- :; Ci)<--r----:--- ' -

• •• ~ ~ ...... J. ·• J. •• .t:. ----- oit.LLiL' _J I :: t-1 A r·i.,CJ __ ·_J_r\i_s...r-1· 0--,--li ::1}-L!. ~','.-: 

I Complete numerical taxonomic analyses on Beaufort Sea an~ I J 1 
Cook Inlet isolates from FY 75-77 & deposit data at NIH x 1 
l----------------+-+-r--r-+----1--t-r-- ! Ll ~-

s hip cruise in Cook Inlet · , X r . 
~~-=-=.;;.;;.;..~;...;;___------1~~~- -~~-1--jf-._ ---;,- -

1 
-~ -r-;·~ .. -

~Q_u_a_r_t_er_l_y_r_e_~ __ r_t ___________________ ~-~-xx_ XX_ ----,---,-.-L,~I 
Deposit enumeration data from previous Cook Inlet 

~.....:::c::.ru=is::;e::.:... ------------·-----------Jf--1!-- -+---t--t-'--- _ _ · I I L_ 
r 

Collect oiled sediment samples in Beaufort Sea. r } ~ ! 
~,~.-C-~-p-le_t_e_b_i_o_d_e_g_r_a_d_a_t-~-n-~-t-e_n_t_i_a_l_a_~_n_um_e_r_i_c_a_l----~-~~-t-:- -~---- ---~ I ~ 

~t_a_x_~_o_m_1_'c_u_a_l_y_s_e_s_h_o_m_p_r_.e_v_i_o_u_s_c_o_~ __ In_l_e_t_c_r_u_i_s_e __ -JI~~--·~-I-t~--~J__ ~-~~~~~~~~ 
I Annual re~rt 

I ± llj I I l I I 

I Beaufo.rt Sea crui.se ; I k I : ! : I 
;~ _o_e_p_o_s_1_t_e_n_um_e_r_a_t_1_o_n_da_t_a_f_r_o_m_B_e_a __ u_f_o_r_t_s_e_a_c_r_u_i_s_e----~'~· ll·l-r ' ~--~-I J--r-;~~--1-n . 
1 Initial GC & MS analyses of petroleum residues from i I -t··-~~-~-~ ~-1-~- ~- 1

1

1 

~~ ;~ 
1. Beaufort Sea sedim. ent and ice. ! I I 1 • • • : v i · i ' I 1 

,-~~~~~--~~~~,, ~--,-r-·-~-~--~-~~~-~~! 
I 1-. -,~-~---~~-,--1 i l 
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1 I I I fl 
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Technical Proposal 

I. Title and Research Unit 

Completion of petroleum in marine tissue.intercomparison 
program: Renewal of Research Unit 43. 

II. Princip~l Investigator(s) 

S.N. Chesler~ Ph.D. 
H.S. Hertz, Ph.D. 
W.E. May 
S.A. Wise, Ph.D. 

IV. Ba,ckground 

III. Cost of Proposal 

Total 

This work will complete the intercomparison studies 
conducted by the National Bureau of Standards (NBS). In 
FY 77 samples of Alaskan and Santa Barbara sediments lvere 
sent to participating laboratories for determination of 
hydrocarbon content. The results are being compiled and 
evaluated by NBS. Samp-les of homogenized Nytilus 1.dll be 
distributed. In FY 78 work on the My"tilus intercomparison 
exercise will be completed. 

These exercises are being conducted to investigate the 
comparibility of analytical data obtained by participating 
laboratories. 

V. Objectives 

This research will complete the intercalibration exer
cises initiated in FY 77. Any environmental assessment of 
petroleum hydrocarbons in the Alaskan Continental Shelf must 
be accompanied by interlaboratory comparison data in order·· 
to properly assess the comparability of numbers generated 
by different laboratories. 

VI. General Strategy and Approach 

Results from the Mytilus intercomparison exercise 
will be collected and analyzed by NBS. Additional laboratory 
work on the Mytilus samples will be conducted as necessary. 
A report will be issued to NOAA giving the results of the 
intercomparison exercise. · 

VII. Sampling Methods 

N/A 

VIII. Analytical Methods 

Methods for Mytilus analysis employed by NBS, will be · 
a modification nf the methods published in Technical Note 1889. 
Copies of this Technical Note have been supplied to NOAA. 
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IX. Anticipated Problems 

As experience in FY 76 and 77 has shown, a large 
percentage of OCSEAP/NOAA principal investigators do not 
enthusiastically or 1dllingly support the intercomparison 
program, nor does the Project Office actively enforce 
·this part of the principal investigators' contracts. 

X. Deliverable Products 

A. Digital data 

Exempted 

B. Narative Reports · 

The required quarterly and.annua~ reports will 
be issued. 

XI. Information Required from Other Investigators 

We will require the analytical data obtained from ~he 
analysis of the Mytilus intercomparison samples. 

XII. Quality Assurance Plans 

Aliquots of Mytilus samples sent to participating 
laboratories will have been analyzed in replicate by NBS to 
assure sample homogeneity. 

Instruments '(LC and GC) in the laboratory are calibrated 
through the use of·standard solutions of hydrocarbons. Mass 
spectrometer calibration is accomplished through the use of 
perfluorotributylamine (PFTBA). 

XIII. Special Sample and Voucher Specimen Archival Plans 

N/A 

XIV. Logistics Requirements 

N/A 

XV. Management Plan 

The project will be managed by the four P.I.'s. In 
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addition to actual laboratory participation they will 
supervise the support staff and compile the·quarterly 
reports. 

1) Send homogenized r.Iytilus tissue to participating 
laboratories · 7/77 

2) NBS report to NOAA on results of second sediment 
intercalibration exercise 10/77 

3) Return of mussel intercomparison exercise results 
to NBS and completion of detailed-lab analysis 
by NBS. 11/77 

4) NBS report to NOAA on results of Mytilus inter-
comparison· exercise. 2/78 

XVI. Outlook 

All work 1-.rill be completed by the end of FY 78. No 
further efforts are-expected after the termination of the· 
FY 78 contract. 

XVII. 1. Updated Activity/Milestone/Pata 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 w·ithin 90 days of the termination of 
the contract. 

3. Where biota are concerned, all species and higher 
categories will be represented by the voucher 
spetimens 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 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 revie\-.r 
project status and progress. Such reviews 
will be scheduled on dates mutually satisfactory 
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to both parties. It is understood that costs 
of the travel and per diem for these trips will 
be horne by the Project Office. 

5. Data will be provided in the form and format 
spe·cified by OCSEAP, accompanied by a data 
documentation form (NOAA 24-13). · 

6. Data ldll be submitted lvi thin 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 requirements (see par. 2). 

7. Within 10 days of the completion of a cruise or 
data gathering· effort, a ROSCOP.data collection 
inventoryform (NOAA 24-23) will be submitted to 
the Project Data Manager. 

8. Title for all property purchased l'li th OCSEAP :funds 
remains with the U.S. Government pendin~ disp~siti6n 
at contract termination. 

9. Three (3) copies of all publication or presentation 
manuscripts pertaining to t~chnical or scientific 
material developed under OCSEAP funds \vill be 
submitted to the appropriate Project Office a~ 
least sixty (60) days prior to release for infor
mation 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 tonsent 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 acknmvledg
ment is standard. 

"This study was supported by the Bureau of 
Land Management through interagency agree-· 
ment with the National Oceanic and Atmos
pheric Administration, under lvhich. 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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Research Unit 48 

PROPOSAL 

CURRENT MAPPING RADAR PROGRAM 

submitted to 

NOAA/ERL/Outer Continental Shelf Environmental Assessment Program 

by 

Donald Barrick 

NOAA/ERL/Wave Propagation Laboratory 

Boulder, Colorado 80302 
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I. CURRENT NAPPING RADAR PROGRAM 

RU-48 

OCT 1 1977 to SEPT 30 1978 
I 

! 
'i 

II. PRINCIPAL INVESTIGATOR 

. Donald Barrick 

III. COST OF PROPOSAL 

Total 149;707.24 

Distribution of Effort 100% Lower Cook Inlet. 
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IV. BACKGROUND 

During FY 77, the current-mapping radar system developed under 

RU 48 has been undergoing field testing in the Gulf Stream off Florida. 

Simul tan·eous· two-site current maps have been generated during October

December, 1976 by combining the data from two sites, one at Fort 

Lauderdale and other Miami. Field work for initial system calibra~ 

tfon through direct surface current measurements made during radar 

operations was .completed during March-April 1977. 

Alaskan field testing of the current-mapping radar system have been 

conducted in Lowor Cook Inlet for about u 6-1~eek period lluring tho 

summer of 1977. Field operations were concluded in·· mid-July. 

These tests were successful, and we propose to operate the proto

type system from· additional sites in Lower Cook Inlet (probably the 

western side) to measure nearshore and offshore currents during the 

summer 1978. This effort_would be co-ordinated with the physical 

oceanographic and meteorological studies to be conducted under 

Research Units 138 and 367. 

V. OBJECTIVES 

The objectives of this study are to produce synoptic maps of both 
~ 

offshore and nearshore currents in selected regions of the Lower Cook 

Inlet lease area. Specifically these objectives are: 

1. To complete the analysis and interpretation of data collected 

from the eastern portion of Lower Cook Inlet during FY 77 field 

testing. 

2. To undertake similar field studies within the western portion 

of Lower Cook Inlet. 

3. To obtain correlations between observed currents and free 

drifting buoys and drogues. 
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4. To obtain correlations between observed currents and local meteor

logical disturbances. 

5. To determine the spatial variability of tidal and non-tidal currents 

within Lower Cook Inlet. 

6. To provide model input 'data for future studies to be. conducted 

on Lower Cook Inlet. 

VI. STRATEGY AND APPROACH 

The current-mapping radar system employs two low-power portable 

HF radar systems whose signals from shore are Bragg-scattered from 

ocean \vaves that serve as tracers. The return signals detected by 

the receiving unjts are Doppler shifted a known amount by the waves' 

phase velocity. The actually observed Doppler shift will differ from 

that induced solely by waves in proportion to the ocean ~urrent 

velocity in which the wave field is embedded. Signals from. each of 

two geographically separated radar units, scattered from the same 

point on the ocerfn surface, are used to construct a complete current 

vc<;tor for that point. Vectors will be constructed on a .3-km-square 

grid, and maps of the near-surface current field will be generated 

hy an on-s i. te m.i n i computer. 

Tests to date indicate that the radar system can provide cur.rent 

data out to about 70 km from the coast, with an optimum spacing 

between paired units of 40 km. With additional use of various 

numerical techniques, the coverage can extend for about 120 km along 

a line drawn between the two radars providing the shoreline geometry 

is. favorable. 
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VII. SAMPLING METHODS 

With the radar data, one can make surface current estimates 

over an area of .up to 75x75 km, depending upon the spacing ·be

tween them. The resolution is approximately a 3x3 km area~ In 

addition, sampling can be done as often as every 2 min. This 

frequent sampling would probably not be done. We will look at 

this year's Lower Cook Inlet data to determine what an optimum 

sampling scheme for summer of 1978 will be. This will be done by 

observing the time variation of current within ind1vidual range 

cells. From preliminary analysis· of the 1977 data, sampling every 

3 hours for several days may be done. HaN long Ne can ohtnin con

tinuous sampling depends on the personnel available, equipment re

liability, and logistic support. 

VIII. ANALYTICAL METHODS 

Some of the analytical methods are described in the paper by 

Barrick et al., 1977, others have not beem documented at this time. 

Since this radar technique is unique, much of the analysis 

will depend on the type of physical phenomenon we observe in the 

data. For example, in trying to obtain tidal components, we may 

use standard tide gauge derived Fourier components to help us deter

mine the amplitude for some of these components. Much of this will 

be resolved in the analysis of the 1977 Cook Inlet dlta. 

IX. ANTICIPATED PROBLEMS 

The main problems will be associated with the logistics and 

safety of the personnel. We are including a summary of our antici

pated logistics. requirements, 

X. DELIVERABLE PRODUCTS 

A. Digital Data 

(1) AnY of the raw data from 1978 Lower Cook Inlet observations 

from which surface cur.rent can be obtained will be given to 

OCSEAP if needed. We will give the selected and interpreted 

data tapes to OCSEAP in whatever formats needed. 
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(2) We do plan to process <·: much data as possible for 

other scientific as well as OCSEAP purposes. However, 

there is no possibility of reducing all the data we 

collect. All our field data is recorded on 9. track 

magnetic tape, 800 BPI, NRZI, in ANSI standard file 

structure. We do not have the funds to reformat aU 

of these tapes. Select 1977 Lower Coo.k data runs which 

illustrate the significant current features will be 

processed and put in archive formats. These will be 

negotiated with and approved by the contract monitor. 

Since much of the interest by OCSEJ\P :is the low fl m\1 

conditions, we will concentrate our efforts on the 

analysis of data obtained during those conditions. 

B. Narrative Reports 

A report will be provided describing the field operation 

and calibration procedure$ for the current-mapping radar 

system. The report will contain hard copies of coastal 

radar current maps for selected times and averaging periods. 

C. Visual Data 

Hard copies of radar-current maps for certain selected 

sampling intervals. 

D. Other~ata- N.A. 

E. .June, July Data 1977 

Some will be processed, and analyzed and turned into the 

Project Office in the 3rd Quar·terly Report. The summer 1978 

data will be processed ~nd analyzed during the winter of 

1978. 

XI. If any comparisons with other surface currents nrc to he made, 

they must he done by setting up a ranging system on a large boat 
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(rv 50 ft) and drifters deployed. !'his may be done with support 

from the OCSEAP support office in conjunction with Pl\IEL if they 

will be doing drifter studies in the area. Contacts have been 

made with the Ocean Physics Groups at PMEL (RU 138 and 367). 

XII. QUALITY ASSURANCE PLANS 

During the summer of 1977, the h-f radar systems were operated 

in Lower Cook Inlet. During part of this time, surface drifters 

were traced using a ship with a minimum range system. These results 

show good agreement between radar and drifter-derived currents and the 

results will be presented in a special report. Further intercomparisons 

of this type should be minimized, particularly if the operations are on 

the west side of Lower Cook Inlet where logistics will present severe 

problems. 

1. The radar equipment will be fully tested prior to shipment to 

Alaska and in Alaska prior to final deployment. 

2. After final testing there will be no equipment modification 

(except for repairs), or design changes during field operations. 

XIII. SPECIAL SAMPLE AND VOUCHER SPECIMENS ARCHIVAL PLANS 

N.A. 
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Data Type 
(ie .. Intertidal, 
Benthic Organis~s, 
etc.) 

Surface currents 
Surface currents 

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

tapes & maps 
. tapes & maps 

:i:!ta ?roduc 

Es.: iri:~ :ec 

( '/ J 1 Li::-e ::rf 
CCSEAP 
For~at 

Schedule 

Processing and 
Formating done 
by PI 

d.ata) (If kncvm) (Yes or i·~o) 

2 tidal cycles 
2 tidal cycles 

Yes 
Yes 

Co11ection 
Period Scbmissi:~ 

(:·~onth/Year to :·ionth/Y::ar) (i·lontf./Ye:: ·· 

June & July 1977 
June & July 1977 

~4arch 19i8 
Nov. 1978 



r 
I 

-· ---~--·='-·- ··-- ....... - ------------ ...... _ ...... ------- --. -· ---··· ------- .. -~ .. ______ .. ______ . -·--··· ---- .... ----- ---·-·- ·-----------------------------
i\ . 

. - .L· .-· -- -JJ,~~ L.il-\:_~:J ~~ ~-·· i; c~~·:JU ·.; ~'l :_ .L i.~~h·t· "j_ L~·~:~ ;~ .:; . ::~--~ i; ' I' .0 L ti I~ <H ~L!.: .... j ·;l;L_r~~-, t;:; --J ~~~ ·i_·;:·;;~i·. i.-_ijgh t 
attitude~ on each J..·i.n·2. Ciotc: If fli;;i·:.:; are fo't· tr.,om:;;portntion only,. chart 
~;uboi.ss £on is not n~c2ssar:-y but ·origi_n <Ji'!c.l· clest:i.na.tlon points should be listed) 

2 flight-s per week - Homer,· Alaska to Augustine Island Alask_a for support 

plus possible one or two flights during the duration in case of emergency. 
·z.-o·;.~~ ~;i[;etyp~-~--~T o h ;~c::7,-!t:·l o~ s t:o. 1;;-rJ;'J ~~~---··------ -----·--------------·---__.;_...., 

Transportation Only. 
-=---=-

3. ~.;[Ja <: i.s en~ op ticui:l til::!= ch r-ollolo::,y o E obs?.rva tiolls on a seasoaal basi:; ami toJhat 
is t~V-! r.:Ja:<irpuo allm..r~ole ile.parture frol:l these O~Jt·i!':IUOl t'irnes? (Key to chart 
~r~pared under- Ite~ 1 when necessary for clarificaiion) 

NA 

IJ. llo:.J I.:!any llays ut .llLghl: op~~c:.1.t.i.uns ;tn! u~qu.Lccc.l <tuJ ltm1 lll<tuy flight huurs pt:t" day? 
See special logistics section for breakdoWn. 

__ ____In t:2.l f 1 i~~_!_~~ r~; i ______ ~_ .. _____________________ .. _____ -----------·--~-
). lJu yr:.'J c·onsidl.:~'C ynur inv:.~stigation t<> lhe priur:..i.p;-!.1 one for. f:hc f.lJ.p.ht: thus 

pce~lud{ng other activities or re~uiring other activities to piggyback or could 
you piggyback? 

Principal one. 
·------..,.-

&. ~hat types of spe~ia1 equipment are required for- the aircraft (non carry-on)? 
None. 

\·Thzt).:: are the t.;e:i.ghts, dil!lensions, power requin!rnents, nnd insl:all<.!.tion problems 
. uniq•.t'e to the specific equipment. 

None. 

NA 

-·u·~--\.!1;:;~:_---Lyj;;;·-z;r;·-;Tc-c r·;~i i:---;_;;··t;~~·!:~ t--·;~~it~·zt-r~r -'l'i~-~--.1~~;~ i>~;~~T----·-----------

·--------~~~-~~:_-~~-~!.-~ .... ?~~:~. -~o~---~~~-~?~:~~:.~~ .. U.?._ .. ~ .. -~_oss~~~-!_:__~-~-=~-=~_!'~-~~----
9. Do you recor.rnend a source for the aircGi[t? Yes. 

If "yes" please name· the source and the r2ason for your reconunendaU.on. 

________ Totem He!icopt_er. ------------------· 
10. Hhat is the per hour chCir-tcr- cost of tlH:~ ~d.rcra[t? 

$240 Otte~ - $300 ~elicopter, 
--------- ------ -----· ___ .;_~----------------··------
11. llm-1 n·:.ny !WOilLc ;n:c~ n:-qt:i.r<::'d on hoard for: l'2Ch fli.r,ht (!':·:cl.u:;i.vc of: f:.l.i.ght crc.v)? 

2 to 6 

--------··- ---------:--------·---~------------·-:··- ··-··-··------~------------------ ----·-······ ..... --. ------- .. -·-··--·-------·-··· ---------··---------
12. \.Jherc do you -recocr:tend lh<lt flir;ltt~; be .sl:a~cd from? 

Homer 
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~~ .. ~ ............ ··- ········-·- -· . --·#·-···-- .. ---------· ... ~ .. _......__. 
r ~ • • . ':" FO TL' ·- 1E'; L ~,.:0 ~'E f-: :~ 
--T.-D.?.Lic.~at<:.! prop•Js~cl tr~l,lS?.'..:t~;-- ~~-~~~t7cr: ·~tat·: :)·;--~:-~f{~n:~ -(~-::~-·ch~l~t of u.;_-;:; 21.-;;:;·~ 

n;o t:r;: If E I. i~hts :u:c f. or: . l: r:'!n $pot t of. 1 ~ r. :;nnn•'! l en:- ('rpt:i.pmr~n!: only f r.om. ha:.:;e 
c.~.ops t:n f i .. :-: l:cl ca:a;>:; :Hhl v i.:;.t \'•'C.::l, ch"r: :· ~:ullia i.:;:; i.on i.:.: nor: nc-•cr~;,;·~acy hitl: 
or i.;~in nnd <k~stin·lt i.on pu i.nt:·;' ~;boule! l>q .l.i.c;t:t.:d) 

Shuttle equiprn~nt· on Augustine, See detailed logistics plan. 

2. Describe types of 6bservations to be cacle. 

Radar surface· current observations between the South West side of 

Island and the mainland. 
J. t.;h..lt is tha optii:i!uc:1 t:im!'! ch-;:-onolo~w o!: observations un a ~:ec1sonal bi:lsi:.> and 1..rhat: 

i:J the ma:d.mum nllm.r<1.bl.~ dep;:tr.tun~ F.rom thes€~ opttm11m r:imen? 

NA -------·--·-·----·----·-----------. ' .. -. .... ...... -·--- -·----------- ------------- ......... ·-· ---- ........... -. --- ............ ------------~-----·---
4. Ho~..r i:Jny d.2ys of h~.!licoptec operations are required and ho•-1 nany flight hours 

per day? 

Total flight hours? 
----

5. Hor.o~ many people are required on board for each flight (exclusive of the pilot)? 

2 to 3 

(i. v)hat ;1r.e the weight~:; and dim~··rwi.ons of. equ:i.pmPnt m~ 1~11pp.l.ic•s to lH~ tri1nsported? 

2400# - 4 pieces (4x3x3)- ft. 

\-/hat type of helicopter do .P'U recommend for you'C operations And 't-1by? 

No recommendations. 

···----------·----------------------------·------------------·-----------------1 
H. llo ynu rc·co'r:Jtr.<'rHl a p;tr.l:lnt'l:n: :-;ourcc~ for. t·llr. ltcli.copr·~··r.? l f: "y<·~;" plr.•.-we name 

the~ source anc.l the rca!'on Cor your r.ccommendati.on. 

No 

---------------------------------~-------·-------------------------------------------------4 
9.. Hhat is thQ. per- houc chart(~r cost of tlte helicopter? 

$300/hour 

.to. '\·:here do you recommend th2t flights he staged from? 

Homer 

-· --- .......... ----·------·· ··-·-------------
ll. lHll special .ttavlgntion ilud cor::l:'lunications he require(!? 

Two transceivers to communicate. 

1 
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a·ce ycuc t·equ r:(.::t.n~n e;cs .;;((~;t.lb~i-i::;t..::.nct~~ .. :i.i#;--;~h-~:;--I~l~ld~-nr·e.a7 

(Tr12se n~quire!2~nt:; shouid he bro!(~n do·" r (ly (n) location, (h) cal;:mc!::tc ·period, 
(c) nu~ber of pecsonnel pee day and total Qan days pet period) 

Please see the special section of lo·gistics that is apended at the 

end of this w0rk statement. 

2. Do you recomcitend a particular source for this s·upport? If "yes"· please name 
the source and the reason for your recommendation. 

NO. 

___ .......__ _____ ___,___ ·---~--------·------~-~------------------

your esti~atcd pet man day cost fbr this support at each location? 

$26 ~ 00. Based on established commercial rates. Each person would take care 

of all his personal requirements such as food, sleeping bags, cooking utensils. 

OCSEAP would provide basic shelter. 
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CODAR ALASKA 78 

LOC;TSTICS 

A.· GENERAL.· 

To obtain surface current data in the_genral ~rea of 

Cook inlet, as defined by OCSEAP Boulder on December 16, 

1977, it appears necessary to occupy a site on Augustine 

Islrutd and one to the south on the mainl~nd. 

For reasons of area coverage, angle of intersect, H. F. 

propagation and all other radar based constraints the south

eastern corner of Augustine Island is the most appropriate. 

[Site approximately 59° 20' North, 153° 22' Nest.] 

Given this choice of location, the nature of the logis-

t support necessary can be fairly well defined and the costs 

reasonably well estimated. 

An initial choice for the southern site would be the 

small headland (name unknown) approximately 10 miles to the 

S.IV. of SHAW ISLAND. 

[Site approximately 58° 52' North, 153° 15' West.] This Site 

location provides the added benefit of some data from within 

KAMI SI lAK I1A Y. 

However, the nature and cost of the logistic support 

for this site is not greatly affected by its exact location; 

and hence, final selection of location can be delayed~ 

The nature of the logistic support for the southern site 

is however very much influenced by the type (weight) of the 

accommodation chosen.for equipment and personnel. 

The costs for the log ics arc based on an initial time 

frame of ,June 7 to .July 13 from Homer, Alaska out to the field 
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1. 

I ' sites and return. With ~week allc~ ,,d each· for sct:..up/chcck-out 

and tear-down/repacking' a'three week data taking span is covered. 

Pre and post Homer time and costs are estimated. 

l'rocess:i ng of the Jata at these f.iclu sites ·is not con-
. ' . . 

sidered as viable proposition; hence, it is anticipated that 
' ' ,_ I 

the existing equipment trailer will be.based in Homer as·a 

proccssing/loidstics and communication hnse. To meet the time 
,. 

fr~me above, it will he necessary for the van/trailer to de-

part Boulder May 30 and return approximately .July 22. 

The bandwidth r~quirenientsfor telemet·ry of rm-1 data, 

es'pecihll.y for 24 hoi.1r data runs, preclude an H. F·. tine to 

Homer; and hence, the data is expected to he recorded on mag

netic tape and transported-to Homer by air whenever possible. 

Some intersite V.H.F, telemetry transmission are 

however expected. 

· The installation/removal o[i the two sites are sufficient

ly different to warrant separate treatment. The operational 

and emergency requirements.have some commonality. 

B. AUGUSTINE ISLAND 

1) Installatibn/Removal 

The site selected can only be reached by helicopter as 

it is unsu.i tahl~ for the la~ding of ships/boats and float or 

land planes (when transporting·hcavy payloads). Tf a large 

(NOM) helicopter could he dedicated for the project this con

ceivably would solve the problem .. ·llowever as no such guarantee 

exists, we must consider the use of ·a small helicopter carrying 

out ferry service from some other landing point on the islnnd. 

This landing.point could be that for a landing craft or float 

plane. 

The points to be considered are weather/payload and the 

time/cost product. 
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As Augustine Island has no dan;:~'rous animal problem, 

suitable tents would seem to be sufficient for accommodation 

provided that attention is paid to secure anchoring in high 

winds. Thus, the payload burden is reduced. The lagoon on the 

western siae of the island is reportedly tenable by float plane 

under most weather conditions. The locally available .De Havilland 

Otter can carry 2000 + lbs. gros~ internal or external rack load 

from Homer and 800 lbs. sling load on Augustine. The small 

helicopter (Bell 206) can carry 650 lbs. 

For the CODAR equipment, generators, communications, 

accommodations, food, and water requirements, three Otter loads. 

should suffice. A fourth Otter load (installation only) will be 

necessary for the transportation of the seven barrels of fuel 

that will be required. These requirements are generators (dies61) 

3 barrels. Helicopter (.JP4) 3 barrels. 

Back-up generator and cook stoves (unleaded gas) 1 barrel. The 

diesel can use helicopter JP4 if necessary but not visa/versa. 

Thus, the transportation of the various equipments and supplies 

to the Augustine site would appear to be best completed over a two

day period with the float plane making two round trips ~er day and 

the hei5copter making one round trip per day with sev~ral trips per 

day as shuttle on Augustine. 

Four personnel on Augustine and two in Homer would seem to he 

the optimum number for this two-day 0 heavy" phase. 

2) Operational Conditions 

As the site can only he reached by helicopter on a regulnr hasl.s, 

then the more routine· flights need by helicopter only. 

TI1ese flights are needed for: 

a) personnel change 

b) food and water requirements 
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c) data tape transportation 

d) equipment rep:uis (transport of key personnel fr parts). 

Based on our best knowledge to date, we envision one 

scheduled flight pur week and unscheduled f1 ights avcrag ing one 

flight per week. These non-heavy payload flights are expected 

to occupy the middle four week period of the total ld program. 

C. SOUTIISl TE 

1) Installation/Removal 

TI1e southernmost site will need light helicopter transportation 

from any barge or float plane landing point. llowever, tents ill'<' 

not suitable for this site due to wild animal situation. The need 

is for two small buildings approximately 10' x 10 1 x 8' each. 

The choice amounts to two prefabricated metal buildings (gar

den sheds) or plywood and lumber huts. 

Two metal buildings plus wooden bases constitute one Otter load, 

and tw·o ply,vood buildings constitute two Otter loads. The wooden 

buildings are preferred due to better insulatiori, greater strength 

and shorter erection time. As other requirements for equipment and 

fuel are similar to Augustine, this raises the number of Otter loads 

to a total of six for this site. For this size payload, a landing 

hargc. would appcnr to he ;Jhout $600 cheaper (1 day round trip plus one 

day unload versus 7.S hours of Otter time). 

However, the advantages of flcxihiUty with weather conditions 

are given up. The float plane can operate at short notice and can 

take advantage of the various lakes :in the region, i~he rc:1s the !HI rgc 

may very well h;1vc to seck shelter for one or two days. 

It is felt that the cost differential in favor of the barge 

is not warranted in view of its relative inflexjhili ty. 
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For the first two days of the ··twavy" install at ion, the 

same four persons at site with two ~;i. !lamer would seem appropriate. 

For the remainder of the operation, we anticipate a reduction 

to three. 

2) Operations 

This station is expected to be serviceable by both helicopters 

or float plane and Zodiac. 

Obviously, the helicopter which is essential for 

Augustine could complete the triangle and service both sites. 

However, for those flights that are to the southern site only, 

the smaller float plano (Beaver) is more economic (under half 

cost) than the helicopter and can carry nearly twice the payload. 

Extended helicopter flights over water tend to cause 

greater concern.for safety than fixed wind aircraft. 

Additionally, it is not completely out of the question to 

air drop spare parts to Augustine via the small float plane and 

on certain days when weather permits it is possible that a 

float plane could land near the Augustine site. 

Hence, we propose to combine the operations budgets for 

Augustine and Southsite by maintaining the scheduled once per 

week flight (two sites) by helicopter and deleting two of the 

unscheduled helicopter flights and substituting four small 

(Beaver) float plane flights-. A Zodiac or similar boat is 

however considered a very probable requirement at the south site. 

D. EMERG[NCY CONSIDERATIONS 

We need to consider at least three possible forms of 

emergency 

a) personnel at either site becoming seriously sick or 

injured such that they require immediate hospitalization. 

b) circumstances within the family of personnel that 

require the immediate return of personnel to the 

mainland. 
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c) the small hut finite prob:,hi lity of the need to evac

uate Augustine Island due to volcanic activity .. 

The probability of an emergency arising is low but cannot 

he ignored. 

One emergency helicopter flight is included in the budget. 

However, we should not l~mit ourselves to the availability 

or response time of the commercial helicopters. Coast guard 

and other NOAA units are of course possibilities. However, we feel 

a need to have at least some internal fall back position. On 

Augustine Island it would take a three to eight mile h::ike over 

rough terrain to reflc.h a reliable float plane landing :-~rca. For 

a seriously injured man this is out of the question. 

The south site will probably need·a rubber craft for 

routine work. lienee we propose this he upgraded to approximately 

18 feet and equipped with two motors (40 HP each) together with 

emergency equipment. Both boats should have 300 feet of anchor 

line and anchor. 

t:. USE OF LAND 

We prefer the .Juneau Project Office to handle the per

mission to occupy nny sites. Clearance for a possible alter

native site on Cape Douglas 58° 52' North, 15:'1° 16' West should 

also he sought. The locations we believe to he inside a 

National Monument area. 

F. cm.IMUNICATIONS 

Site to site (VI-IF) and site to Homer (!IF) communication 

el{u:ipment is on hand and adequate. Additionnl)y, the II.F. 

equipment has the capability .to communicate \~i th the float 

planes and the public telephone system. Authorization for 

frequency usage is the only potential limitation and this will 

be researched through the ~~1ropriati offices in Boulder. The 
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H.F. equipment has. the capability to operate off of batteries 

and these will be installed for emergency purposes. However, 

the helicopters do.not carry H.F. comm. They use VHF F.M. 

(Marine) and VIIF AM (Air). 

As considerable helicopter ivork is anticipated, a VHF FM 

(Marine Band) transceiver should be obtained for each site with 

channels compatible with the helicopter. 

G. TELEI!-IETRY 

This is previously referenced. 

A limited mnount of tclCJiJCtry jg po!'s·ihle hct.\~oen sites 

as required. VIIF' transmissions to Homer cannot be guaranteed 

and H. F. bandividth allocations are too .narrow for usable data 

rates. 

H. ZODIAC BOATS 

The requirement is now for two boats and 3 meters. The 

most economic approach is for OCSEAP to supply these from 

sources in Alaska. The one barrel (55 gals. per site) of gasoline 

intended for back-up generator/cook stoves should.cover the 

fuel requirement. 

REFRIGERAT lON 

With the anticipated frequency ofaircraft communication 

to Homer, ice chests are practicable, thus avoiding propane fuel 

problems. 

The commercially produced 2" wall styrofoam boxes when 

covered with an :-~ddit.ionnl 2'' lnyer of styrofo;nn cnn mnintn in 

i.cc·from 5 to 7 Jays. 

With two boxes located at each site and a third used for 

transhipment of fresh ice and groceries, individual food pre

ferences can be easily handled. 
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GENERATORS 

The 5 kw generators that OCSEAP has available have ade

quate capacity and ·are most welcome. The reliabiii ty and lower 

fuel consumption compared jo gasoline are desirable factors. 

However as only two are available (one per site), we will pro

vide our existing 2.5 kw gasoline units as back-up. OCSEAP 

should provide spare parts and service manuals for the diesel 

generators. 

ACCOl\'tMODATIONS AND CAMPING EQUIPMENT 

We anticipate that the NOAA facility at Elmendorf Air 

Force Base can provide a considerable portion of the camp gear 

requirements. 

Sleeping bags, sheets, folding tables, cooking utensils, 

water containers, lanterns, sho'(els, axes, power cables and 

rope represent some of the requirements. 

,We propose the purchase of two suitable tents (with 

wooden floors) for the Aug~stine site and the local manufacture 

of two collapsable plywood huts. These huts can be made ahead' 

of time in Homer and the local contractor can dimension the 

various pieces to fit inside the Otter float plane. 

TJ:e die·sel generators have enough reserve capacity for 

small electric heaters and hot plates. 

OTHER INFORMATION 

A. Dr. Donald Barrick is Chief of the Sea State Stuides group at 

the NOAA Wave Ptopngati.on Lahorntory. !lis qual ificntions :JT'c 

on rilL• in au earlier propos11l with OCSI:AP. 

B, Other overlapping a~tivities. None 

205 



C. The P. I. will actively lead tlt·· proposed work and will take 

full responsibility for the comp1etion of all objectives. His 

salary is committed from NOAA and he will spend the equivalent 

of 25 percent of his time on the project. 

D. Personnel. These are the same people listed on last year's 

proposal. OCSEAP has their resumes on file. 

E. Other relevant information. None. 

F. OthC'r persons authorized to comluct nogoti ad ons. None. 
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~1ay 30 (Tues.) 

May 31 

June 1 

June 2 

.June 3 

June 4 

June 5 

.June 6 

June 7 

GODAR ALASKA 78 

Tentative SCIIEDULE 

:-· 
.Van/Trailer depart Boulder for Tacoma. 
Persons A & B 

Crate other equipment for air freight. 
Persons C & D 

Van/Tr.ailer arrive Tacoma by mid-afternoon. 
Deliver vehicles to Totem Ocean trailer express. 
(A ~ B) shipping dept. (Boulder) 
Pick up air freight crates (C & D assist). 
A & B pick-up any t'l~mL supplied i terns (VllF 
marine radios etc.) . · · 

A ~~ B shop Seattle for any camping items 
needed by project & personnel. 

Shipping Dept. air freight Denver to·Anchorage. 
A & B depart Seattle for Anchorage. 
C & D depart Boulder (Denver) for Anchorage (direct). 
A & B or G & D receive G.S.A. or rented pick-up 
truck. 

A, B, C, & D select items from NOAA warehouse 
at Elmendorf A.F.B. 
Load pick-up truck. Other Anchorage shopping 
as necessary·. 

A & B receive Van/Trailer from. Totem Ocean 
Depart Anchorage for Homer. 
C l; n rccei vc air frc i ght :tt Anchornge Airport. 
·Depart Anchornge. for llomcr. 
E & F dupart Boulder .(ovcrn i ght Anchorage). 
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.June 8 

. June 9 

June 10 

June 11 

June 12 

June 1] 
June 14 

June 15 
(evening) 

June 16 
June 17 
June. 18 
June 19 
Jun.e 20 
June 21 

June 22 

.June 23 

.June 211 
June 25 
June 26 
.June 27 
June 28 
·June 29 

E & F Homer (air) 
A, B, C. D, E, G r uncrnte equipment. 
Unload trailer of iste gear. Receive 
pre-fab wooden huts. 
Stage loads for Otter float plnne in co
operation with Kachemak Air Services. 
(Staging area Alaska Fish & Game facility?) 
Time will be allocated to check out in 
Alaska and this may slip. 

Site Flights Augustine Island - 4 Otter trips 
(over 4 days) South site 6 Otter trips 
Helicopter one round trip per day with many hops 
at sites. A, C, D, & F in Field 
B & E at Homer. 
Follow Kachemak air advice due weather con
cerning sequence (however Augustine Islnnd 
is suggested first). 
On last flights, ·leave A & F at Augustine 
B, C, & D at South site. One hut erected at 
South site. On~ or both tents at Augustine. 
G arrive Homer. 

Equipment hook up both sites 
2nd hut at South site 
Trailer installed at Homer (power, radio antennas, 
telephone etc.) 
Test & debug as far as possible 
H & I arrive Homer. 
Target Date for Data taking - 1st schedule 
operations flight. A & B return Homer for R&R . 
. H. to South site- I to Augustine 
1st data tapes to Homer 
Make 1st cut at personnel rotation schedule 
1st Data week 

2nd scheduled flight 

Helicopter to both sites 

3nd natfl week 

3rd scheduled flight - hclo to both sites 
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.June 

.July 
July 
July 

July 
.July 
July 

.July 
July 
.July 
July 

.July 

.July 

.July 
• July 
;July 
.July 
July 
July 

July 
July 
July 
July 

30 
1 
2 
3 

4 } 5 
6 

t} 
11} 
12 

13 
14 
15 
16 
17 
18 

19. 
20 
21 
22 

3rd data week 

4th Scheduled flight. Helo. to both sites 

Decision time re: further OPS 

Site removal 

Repack (Homer). 

Return to Anchorage 
Van/Trailer to Totem . 
Two persons to Seattle - Other to Boulder 

Van/Trailer unload from freighter (Tacoma). 

Van/Trailer arrive in Boulder 

Within the operations (data) period 
· June 15 + .July 6 two additional unscheduled hcl :i copter flights 

and four unscheduled Beaver float plane flights -- plus. one 
emergency helicopter or float plane flight are propo~cd. 
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XV. ~IANJ\C:EMENT I' !.AN 

Some of the data tnkcn during the June-July 1977 period will he 

annly~ed and interpreted. Any improvements to the radar system will 

be checked out in Boulder, Colorado prior to deployment in the field. 

The deployment will begin on or about .June I, 1978 in the western part 

of Lower Cook Inlet with data taking beginning around June 15, 1978. 

During the period of June IS, 1978 to July 15, 1978, we wi~l take 

radar data and also c6ordinate with the drifter study heing undertaken 

by the PMEL group. 

After the measurement program is completed (around .July 15, 1978), 

,the radars will be shipped hack to Boulder-, Colorado. 

XVI OUTLOOK 

I. Nature of final results and data products. Surfnce current data 

processing an analysis for the summer 1978 field trip will he done 

fiscal year 1979. The output will he similar to those listed in 

X.A, X.B, x:c. of this proposal. 

2. Significant ~Hlestones. The analysis of surface current data 

obtained in the western part of Lower Cook Inlet and further 

measurements i.n other BLM Iea$e areas. 

3. Cost by Fiscal Year. This will depend on where the next area is 

andthe amount of data processing. Probably on the order of 

$200 to $250 K. 

4. No major equipment purchases anticipated. 

5. Location of f-uture Field Efforts. Wherever it is jointly 

suitable by OCSEAP and WPL. 

6. About the same logistics requirements as FY 78. 
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XVI l. 1. Updated i\ctivity/Mileston--/Dnta Management Charts 

will be submitted quarterly. 

2. Quarterly Reports will be submitted in sufficient time 

during the contract year to he in OCSE/\P hands by the 

first day of January, <July, and October; · Annual Re-
'. 

ports by April 1. The Final Report will be submitted 

wit;hin 90 days of the termination of the contract. 

3. Where biota are concerned, all .species and higher cat-. 

egories will be represented by the voucher specimens 

that \d.ll he preserved, labelled, held, and shipped to 

an official OGSEAP-designated repository in conformity 

with OCSE/\P voucher specimen policy. Vouchering will in

clude life history stages (e.g., larvae, juveniles, adults) 

when these ar.e used, and·sexes where these are morpholog

ically distinguishable. 

4. 1\t the option of the Program Office the PI is prepared to travel 

to the Program Office at least twice during the contract year 

to review project status. and progress. Such reviews will 

he scheduled on dates mutually satisfactory to both parties. 

It is understood ~1at costs of the travel and per diem 

for these trips \vi 11 be horne by the Program Office. 

5. Data will be provided in the form and format specified by 

OCSE/\P, accompanied by a·data documentation form (NO/\/\ 24-13). 

6. D:1tn wi 11 he snhmittctl within 120 days of t·he completion of<' 

cn1isc ot· :.; lll(lllth data collection period, lllllcss :1 w1·ittcn 

waiver has been received from the Program Office. This 

does not apply to report requirements (see par. 2). 
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7. With~n 10 days of the coll'pletion of a cruise or data 

gathering effort, a ROSCOI· data collection inventory form 

(NOM 24-23) \vill he 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. 

9. Three ( 3) copies 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 60 days prior to release for information and for for

warding to BLM. .The release of such matcrinl within n period 

of less .than 60 days shall be made onlywith prior written 

consent of the ProjectOffice. News rel~ases will first be 

cleared \vi th the appropriate project Office. 

10. All publications and presentations of material developed under 

OCSEAP funds will acknowledge BLM/OCSEAPsponsorship. The 

following acknowledgment is standard: 

"This study was supported by the Bureau of Land f\1anage

mcnt 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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~n-:·tt ' I -I Analysis of the 1977 Cook Inlet Data i 

I i 

I ' i Equipment modification completed I 

! I 

i I 

I Shipping and set up of radars in W. L.C. I 
I ! ! e--1-,'·-l I I 

i 
Data Taking 1 . 

l 

! ~~·-:-- __ LJ I Return of equipment to Boulder. It_:_ I 
I I , I 
l 
I 

' f---·-

~ Planned Completion Date ~ Actual Completion Date 



Barrick~ D. E., Evans, M. W., and Weber, B. L., 1977, Ocean surface 

currents mapped by radar, Science, 198, p 138. 

214 



Proposal for extension of funding 
of Gulf of Alaska Research Unit - 59 

"Coastal Morphology, Sedimentation and Oil Spill Vulnerability" 

Principal Investigator: Miles 0. Hayes, Director 
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 changedby man's activities; and evaluate the effect of the 
changes, if any. The relative susceptibility of different 
coastal areas will be evaluated .. 

Study 1: Oil spill vulnerability of the coast of Kodiak Island, Alaska. 
Cost: $30,000 

Study 2: Effects of ice processes on the morphology and sediments and 
potential oil spill impacts of the shoreline of Kotzebue Sound, 
Alaska. Cost: $30,000. 

Total cost: $60,000 

Study 3: Completion of oil spill vulnerability study of the Beaufort Sea 
coast. 

Donald T. Secor B. A. DaetwyleriJ? 
Chairman, Geology Department Vice President, Finance 
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TECHNICAL PROPOSAL 

I. Coastal Morphology, Sedimentation and Oil Spill Vulnerability 

Research Unit #59 
Contract #03-5-022-82 
1 October 1977 - 1 October 1978 

II.. Principal Investigator - Miles 0. Hayes 

III. Cost of Proposal: 

A. Science: $60,000 
B. Field support provided by Juneau office for Kotzebue and Kodia~ studies. 
c. Distribution: 

Kodiak Island - $30,000 
Kotzebue Sound - $30,000 
Beaufort Sea - (logistics provided by Arctic Office) 

IV. Background: In all areas, an Oil Spill 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 lite~ature, a scale 

of environmental vulnerability to oil spill impacts has been derived. This scale re-

lates primarily to the longevity of oil in each environment. The subtleties of chemi-

cal weathering of the oil within each environment have not yet been studied in enough 

detail to be incorporated into the vulnerability scale. Preliminary studies have con-

eluded that chemical weathering processes are more active on high energy coasts than 

on low energy coasts, although the details of this environmental classification are 

rather obscure. Also, although biodegradation rates are thought to be slower in cold 

temperature, little documentation exists to verify that notion. 

Coastal·envifonments are listed and discussed below in order of increasing vul-

nerability 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 
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that keeps the oil off the rocks (Urquiola spill, Spain). 

2. Eroding wave-cut platforms: 

These areas are ~lso swept clean by wave erosion. All the areas of this type 

at the Metula 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 clean-up procedures are needed for this type of coast. 

3. Flat, fine-grained sandy beaches: 

Beaches of this type are generally flat and hard-packed. Oil that is emplaced 

on such beaches will 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 problem, inasmuch as it would be necessary to destroy 

the beach in order to remove the oil. Another problem is that burial of the oil 

preserves it for release at a later date when the beach erodes as part of the 

natural 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 dis

covery that oil did not readily stick to the surfaces of mud flats. Also, penetra

tion into the sediments was essentially non-existent. Therefore, if an oiled tidaJ 

flat is subject to winds and some currents, the oil will tend to be eventually re

moved, although not at the rapid rate encountered on exposed beaches. 
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6. Mixed sand and gravel beaches: 

On beaches 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 terraces and berm top areas, attests 

to 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). Fur

thermore, rapid burial is also possible. 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 bio

genic 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, on the south 

shore of the Strait of Magellan, that had shown essentially no change in 1~ years. 

We predict a life span of at least 10 years for that oil. 

These concepts have been applied to the Northern Gulf of Alaska (Final Report 

in press) and to lower Cook Inlet in our study for the Alaskan Dept. ·of Fish and Game. 

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: 
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List of Spills Studied 
Dates of 

Carrier Location Amount & Type of Product 
Kms of beach 
Affected OSAT Field Study 

Metula Strait of 
Magellan 

51,000 tons spilled 
40,000 tons deposited on 
beaches (Saudi Arabian 
crude) 

225 km 12-20 Aug. '75 
Jan-Mar. '76 
Aug. '76 
(still active_ 

Urquiola La Coruna, 
Spain 

90,000 tons spilled 
25-30,000 tons on 
beaches (Arabian crude) 

125 km 17 May-20 June 
1976 

(still active) 

Jakob 
Maersk 

Porto, 
Portugal 

80,000 tons spilled 
20,000 on beaches 
(Arabian crude) 

40 km 6-9 June '76 

Bouchard 
1165 

Buzzards Bay, 
Mass. 

81,000 gals 112 
fuel oil 

5-10 km 30 Jan-2 Feb. '77 
17-18 June, '77 

Ethyl H. Hudson River, 
New York 

420,000 gals 116 
residual fuel oil 

Sporadic 
shoreline 
contact 

6-7 Feb. '77 

As a result of these studies, funded by various Federal agencies and a number 

of advanced graduate level seminars, the personnel involved have developed 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 field session in the Kotzebue Sound-Chukchi Sea area, M. 0. Hayes, C. H. Ruby, 

and L. G. Ward, are all members of OSAT. These members, plus possible additional 

field personnel,- will participate in the 1978 field work and analysis. 

With this in mind, the primary emphasis of this year's field work in Kotzebue 

Sound and the Beaufort Sea will be to more precisely define the effects of oil spills 

within arctic environments. These arctic environments are very poorly understood; 

however, the greatly-increased development of these areas with regard to petroleum 

-exploration makes them likely areas for potential oil spills. Our studies in the 

ice-filled Hudson River (Ethyl H. spill, see above) and frozen Buzzards Day (Bouchard, 

#65_ spill, see above) provided considerable insight into the processes and cleanup 

difficulties charac.teristic of these environs. As a result of these studies, we feel 

that we are now in a much more informed position to analyze the arctic environment 

with regard to potential oil spill impacts. 
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Objectives: 

For Kodiak Island: 

1. Collect field data on the intertidal sedimentary environments of Kodiak Island. 

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 produce maps of oil spill 

vulnerability of this entire coastal zone. 

For Kotzebue Sound: 

1. Collect field data on the intertidal sedimentary environments of Kotzebue 

,Sound. This would include measurements on the morphology, grain size, sedi-

mentation rates, beach slope, vegetational characteristics, wave energies 

and longshore currents. 

2. These data would be combined in an atlas format to produce maps of oil spill 

vulnerability of this entire coastal zone. 

3. The interaction of ice and potential oil spills within Kotzebue Sound will 

be detailed, especially the."release pathways" for trapped oil during breakup~ 

For Beaufort Sea coast: 

1. Complete work on a 100 km section just east of Pt. Barrow. Work plan is the 

same as that proposed for Kodiak Island. 

Strategy, Approach and Sampling Techniques 

Zonal method 

For the proposed general appraisal of the shoreline of Kodiak Island and Kotze-

bue Sound, 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 al. 1973). 1 
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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. 

Kodiak Island coast), extensive studies of aerial photographs, maps and charts pre-

cedes the field work. 

2. Field work begins by aerial reconnaissance of the entire area during which the 

shoreline is photographed in detail. 

3. Based upon observations during the aerial reconnaissance, a station interval is 

selected. Stations will be located approximately every 10 km along a straight-line 

shoreline configuration on 1:250,000 topographic maps. 

4. Approximately ten stations, representative of the various types of coastal morpho~ 

logy identified during the reconnaissance would be selected for detailed study. 

At each detailed study site (zonal station), the following studies 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 at regular intervals along one of the 

profile lines. 

c. Detailed topographic surveys and statistical studies of featu\es within the zone, 

both on the ground and from the air. 

' d. Detailed sketches of the zone. These are important becaue they force the observer 

to carefully inspect all aspects of the morphology and sediments 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 vulnerability 

classification, however, we would incorporate published and unpublished data on 

~ayes, Miles o., Owens, E. H., Hubbard, D. K., and Abele, R. W., 1973, The investi
·gation of form and processes in the coastal zone: in Coates, D. R., ed., Coastal 
Geomorphology, Pubs. in Geomorphology, Binghamton, N~ Y., p. 11-41. 
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coastal biota. On the basis of these pre-existing data, a biological susceptibility 

scheme would be superimposed on the residence time vulnerability classification de-

rived from sedimentological studies. 

Process Measurements 

Oil spill vulnerability is, 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 sites, and (4) a thorough review of existing literature. 

Freeze-up Studies in Kotzebue Sound 

A field study period will be initiated during freeze-up in Kotzebue Sound. 

This study will include the following: 

A. Detailed analysis of the development of shore fast ice within different environ-

ments: 

1. Cuspate foreland (Point Hope area) 
2. Rock headlands (Cape Thompson) 
3. Microtidal barrier islands (Cape Prince of Wales to Cape Espenberg) 
4. Retreating tundra cliffs (numerous throughout the study area). 
5. Deltas (Kobuk, Noatak and Buckland River deltas). 
6. Narrow barriers confining lagoons (Cape Thompson to Sheshalik Spit). 

B. The field program at these study sites will include: 

1. Attempt to land at each sub-environment to study ice features characteristic of 
that site. 

2. Measurements of ice thickness and variability. 
3. Mode of ice attachment to the shore. 
4. Sediment interaction, both marine and aeolian. 
5. Trenching of the beach face. 
6. Back beach effects. 
7. Profiles of the beach and the ice (permanent profiles were emplaced during the 

summer.l976 field season). 
8. Complete photography of the area. 

C. Re-profiling of selected permanent profiles established during summer 1976. 

D. Correlation of ice movement within Kotzebue Sound with active process parameters 
(tides, winds and river runoff). 
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Analytical Methods 

All sediment samples will be analyzed for grain size by sieving or with a 

settling tube. These data will be synthesized by computer and analyzed to deter-

mine grain size trends along the shorelines of Kotzebue Sound and Kodiak Island. 

All relevant vertical aerial photographs from available sources will be analyzed 

to determine: 

1. Long term shoreline changes, especially any wave-induced changes. 
2. Typical ice break-up patterns and dispersal trends (Kotzebue Sound). 

Problems (see Logistics section) 

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. 

B. Narrative Reports: 

We anticipate a number of publications related to this project, in 
addition to quarterly and annual reports. 

C. Visual data: 

Maps will be constructed as follows: 

1. Beach morphology maps of both areas. 
2. Application of our Oil Spill Vulnerability Index to the morphological 

base map. 
3. Map of ice b_reakup patterns. 

D. Other non-digital data - None 

E. Data submis~ion schedule: All data collection will be done during June -
August and October - November 1978. Data will be submitted in quarterly 
reports. Expected final report date - April 1979. Digital data will be 
submitted with the quarterly report for December 1978. 

Information from other investigators None 

Quality Assurance Plans 

All s_ediment samples are splitprior to analysis and stored within the Depart-

ment of Geology at the University of-South Carolina. 

Logistics Requirements 

Most of the work could be done with a Cessna 182 float-plane, Cessna 180 
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fixed wing aircraft or helicopter procured by NOAA from local flying services in 

Kotzebue Sound and on Kodiak Island. A crew of three people plus pilot could do 

the data collection needed for the oil spill vulnerability map in about 3 or 4 

weeks of working time. A detailed field schedule is attached. 

The Kodiak Island work (June 19 - July 16) will require a helicopter, full 

time. Stations will be set up at 10 and 15 km intervals along the shoreline. 

Kodiak will be our base for these studies. 

The Kotzebue Sound work (July 17 - August 7) will require a Cessna 180 air-

craft. We suggest Kenai Air Service, Box 3921, Kenai, Alaska. We have worked 

with this firm before with excellent results. We require 4 hours of flight time 

per day for the Kotzebue Sound work. Our bases w~ll be Kotzebue and Shishmaref. 

The Beaufort coast work will take 7 days (Aug. 8- Aug. 15). We will re-

quire a float plane or helicopter full time for this week. The NARL will be our 

base for that work. 

Finally, during the freeze-up studies in the fall (approx. Oct. 20 - Nov. 

14), we will require a helicopter, full time. About 4 hours of actual flight 

time per day will be needed. 

Management Plans 

All aspects of the project will be managed directly by the principal inves-

tigator. Field crews will consist of qualified graduate students using these 

projects for M.S. or Ph.D. problems. 

Outlook 

It is our desire to continue our regional studies of coastal morphology and 

sedimentation in all critical areas of the Alaskan coast. In particular, we would 

like to continue determining the relative vulnerability to oil spill impacts of the 

various coastal environments present. 

In view of the present status of lease sales and potential offshore explora-

tion, we feel that the following areas should be studied during FY-79: 

1. The south shore of the Kenai Peninsula and Montague Island. 
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2. The southern coast of the Alaska Peninsula between Cape Douglas and the Shumagin 

Islands. 

The two areas would be studied for approximately the same funding level as 

the FY-78 budget ($60,000). 

Publication and Data Processing Schedule 

1. Updated Activity/Milestone/Data Management Charts will be submitted 

quarterly. 

2. Quarterly reports will be submitted in sufficient time during the con-

tract 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 repository in confor-

mity 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 cpntract 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, accom-

panied 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 written 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 
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ROSCOP data collection inventory form (NOAA 24-13) 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. 

9. Three (3) copies 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 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 wri,tten consent of the Project Office: News releases will first 

be cleared with the appropriate Proj.ect Office. 

10. All publications and presentations of material developed under OCSEAP funds 

will acknowledge BLM/OCSEAP sponsorship. 
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B. AIRCP.:\ET. S!.i?PGR! - FIX::::n- W'I~!G. 

L Delineate 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) 

See section· on Logistics. Flight .. lines are highly variable and difficult to predi.ct 
{Maps are enclosed). 

2. Describe types of observations to.~e made. 
Aerial reconna·issanceof shoreline. Detailed photography. Transport to sample sites. 

·· 3. wnat is t:he optimum time chronology of observations. on a seasonal basis and •.o~hat 
is the maximum allowable departure from these optimum times? (Key .to chart 
prepared under Item 1 when necessary for clarification) . 

We require a Cessna 180, helicopter ·or float plane fulltime for the duration of the 
field work. June -19 - Aug. 21, 1978. See ~ection on Logi.stic_s. 

4. How many days of flight operations are required and hot.J many flight hours per day? 
64 flight days @ 4 hours/day 
Total flight hours? 

5. Do ycu consider your investigation to the principal one for the flight thus 
precluding other activities or requiring other activities to piggyback or could 
you piggyback? Gfven our unpredi~table schedule; piggybacking is considQred 
impossibl~. · · 

6 •. What types of special equipment.are required for the aircraft (non carry-on)? 
None 
Wh~ are the. weights, dimensions, power requirements, and installation problems 
unique to the specific equipment. 
None 

~~~~--------------~~--~~~~----~----------~--------~----~----~--~-------7. h~~t are the weights, dimensions and power requirements of carry-on equipment?. 
Cameras ( 60. l bs) . Pr.ofi 1 i n9 equipment ( 3.0 l bs). 

--~~~~--~~--~~----~~~~----~~~--~--~--~~------------~-------------8. ll.lhat type of aircraft is best suited for the purpose? 

9. 

10. 

lL 

Cessna 180, helicopter, float .elane;' see Logistics for details. 
Do you recom:nend a source for the aircraft? · · 
If "yes11 please name the source and the reasor1 for you;- recommendation. 
Kenai Air Service. {for~:Kotzebue work) .See Logistics sect1on · ·· 
NOAA. helicopter {for Kodiak' & Beaufort work) . . 

·--~-~J 
What is the ~er hour charter cost of the aircraft? 
approx. $100tnr. 

How m::ny people are required on board for each fl:iiht (exclusive of fli.ght. crel-t)? 

3 _________ _...... ______ ~------------------..,.......--.... -~·-·~ 
12. Where .do you·recomrnend that flights be staged from? 

Kotzebue, Kodiak and Barrow 
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c. Aig,CR . .-·\FT SUPPORT - HELICOPTER 
1.. Delineate proposed transects and/or station scheme on 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 submissio~ is not necessary but 
origin and destination points should be listed) 

·see Bl 

2. Describe types of observations to be made. 

See B2 

J. (vnat is t:he optimum time c~ronology of observations on a seasonal bas is and what. 
is the maximum allowable departure from these optimum times? 

See B3 
4. How ~any. days_ of helicopter operations are required and how many flight hours 

per day? 
for Kodiak 28 days (4 hrs/day) 

T t ~ fl. ifgr hBeau~ort l4 days (4 hrs/day) 
o -a 1g ours. 

5. How many people are required on board for each flight (exclusive of the pilor)2 
3 

6. ~~at are the weiyhts and dimensions o~ equiP,ment or supf~rres ~o bD transported? 
Approx. 100 bs. (cameras and prof1le .roas~ approx ... em ong 

'7. What type of. helicopter do you recommend for your operations and why? 

No preference 

8. Do you recol'llti!emd a particular source for the helicopter? If "yes11 please name 
the source and the reason for your recomm~ndation. 

No 

. ,..,.____..-.. 
9. What.is the per hour charter cost of the helicopter? 

Unknown 

. ---. .. _ 
10. Where do you recommend that flights be staged from? 

Kotzebue, Kodiak .and Barrow 

- ~ --.--Wtf-.;t'·-t-.--.......... 
11.. Will special· .fl.avigation and communications be required? 

No 
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1. h'hat: are your requirements for quarters and subsistence in th.e field area7 
(These requirements should be broken down by· (a) location. (b) calendar period, 
(c) number of personnel per day·!!lnd total man days per period) 

Quarters and subsistance .for 4 persons on Kodiak Island from June ]9 to July 17 '78 
Total man dajs - .112 

Quarters and subsistance for 4 persons ~n ·Kotzebue from J.uly 16· to august 17 '78. 
total man days 84 

Quarters and subsi.stance for 3 persOn$· in··.sarrow frollJ August 8 - August 22 '78. 
Total man da"y.s . 42 

Quarters and subsistence in. Kotzebu~ for 2. per.sons from Oct. 2l:_. Nov. 14, '78. 
Total man. days 63 

2. Do you recommend a particular source for this support? If "yes11 please name. 
'the source and the reason for your recommendation. 

None 

3. 'What is your estimated per man day cost for this support at each location? 

Unknown 

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 
rate~ at the location or on estimated costs to establish and maintain a field 
camp? 
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Data Products Schedule 

Data type Media 
(i.e. Intertidal, (Cards, 
Benthic Organisms, sheets, 
etc.) disks) 

Sediment samples 1 tape 

Beach profile"' 1 tape 

Estimated 
coding Volume 
tapes, (Volume of 

Processed Data) 

300 

200 

Processing and 
OCSEAP Formating done Collection 
Format by PI Period Submission 
(if known) (Yes or No) (Mo/Yr to Mo/Yr) (Mo/Yr) 

073 Yes 6/78 to 7/78 12/78 

09 Yes 6/78 to 10/78 12/78 



--·----~--,...;..._---~----

RU #: ~59~--~------ PI : t1i'l.es Q. Hayes 

Major t1i1estones: Reporting, data management and other significant 
contr.actual requirements; peri()dS of field work; workshops; etc. 
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Marine Mammals of the Bering Sea 
-Research Uni"t 67 
R7120804 
Contract period 1 October 1977 to 30 September 1978 

Principal. Investigator: 
Principal Investigator: 

Cost: 

C. Total 

Background: 

Howard W. Braham, PhD 
David J. Rugh 

36.9 K 

A. Eastern AleutiaJl Islands pinniped s.tudy. With the exception of the 
northern fur seal (Callorhinus ursinus), the northern sea lion 
(Eumetopias jubatus) and harbor seal (Phoca vitulina richardii) are 
the most abundant, and the most dependent species of marine mammal 
on resources (i.e. food and space) of the eastern Aleutian Islands. 
Quantification of the population biology of these species is continuing 
(see RU 67 1976~77 Annual Report), but to achieve the kind of under
standing necessary for management decisions relevant to the potential 
impact of oil and gas exploration, precise estimates of abundance and 
related biological factors (seasonal movements, habitat dependence, 
trophic relationships, etc.) must be made. 

Three field seasons (1975-77) have been completed on this study. At 
the present time we have good data for some rookeries and hauling 
grounds for Eumetopias during the breeding season (June-August), but 
very little data exist for the other seasons. The same is true for 
Phoca. The most important data gap still present, however, has to do 
with precision with regard to the ways in which sighting data are 
collected. Most data are obtained during aerial surveys. Previous 
studies have shown that a large percentage of the animals surveyed 
are mis.sed. Such factors as· au"imals "hiding", animals out of view of 
the camera, or poor estimates made by observers_contribute to an under
estimate of the ·animals present (Pennycuick .and Western, 1972; Caughley, 
1974; Norton-Griffiths, 1976). The accuracy and precision of the 
Aleutian Islands pinniped study must be determined if reliable estimates 
of abundance are to be obtained for use in population analyses. Future_ 
sampling d~ring the monitoring phase of OCSEAP requires that we have a 
best estimate of the variation due to survey methodology. During the 
1977 field season we conducted a preliminary study of ground truth 
census reliability by having ground crew members qount sea +ions while 
an aerial survey team made photographic and visual estimates. This was 
the first comprehensive testing program ever accomplished on pinnipeds. 
The results look encouraging ·(i.e. our aerial estimates are proving to 
be reliable when compared to most land counts); however, the l9T/ work 
was preliminary. 
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B. Ice sea.l study. Distribution and abundance data on ice seals (bearded 
seal, Erignathus barbatus; larga seal, Phoca largha; ringed seal, Phoca 
hispida·; and ribbon seal, Phoca fasciata) have been independently 
collected by three investigators (Mr. John Burns, OCSEAP RU 1 s 230 and 
231; Dr. Genadi Fedoseev, USSR; and us, RU 67) over the past two years 
(FY 76-77). These data require statistic~l synthesis. All of the 
species listed above breed and feed in at least three oil lease areas 
(Bristol Bay, St. George and Norton basins), and thus critical periods 
of their annual cycle (March-June) need to be clarified. Analysis of 
the combined data will provide a single source for comparing seasonal 
distribution and abundance in the Bering Sea. Data from Dr. Fedoseev 
and Mr. Burns are being reviewed for clarity and format compatibility. 
Because of the variation in the way each data unit was collected (i.e. 
procedures were not standardized) , several months will be required 
before a workable union of the data will occur. We expect that it 
will take two persons full time during FY78 to complete an analysis 
of these data. 

C. Cetacean study. Other than opportunistic pelagic sightings,· very little 
data has been collected on the 17 species of cetaceans kno~m to occur in 
the Bering Sea. Many larger cetaceans, such as the Cali~ornia gray whale 
(Eschrichtius robustus),migrate to the Bering and Chukchi Seas in summer 
to feed in the porductive shallow waters. The gray whale is believed to 
feed almost exclusively in the northern seas during the summer and to 
fast the remainder of the year. Since this large baleen whale feeds on 
small organisms low in the trophic scheme and does so within one-half 
mile of the shore during migration, it is potentially sensitive to 
perturbations in the food web such as would occur during a major oil 
spill. Consequently, it is important to assess and identify areas 
where these animals are most vulnerable to oil development activities 
(e.g. drilling and tanker traffic). 

A study on gray whales will not only further the baseline characteriza
tion of cetaceans, but will lead to a better understanding of the 
trophic dynamics of the Bering Sea. During 1976 and 1977 we determined 
that this species should be more intensively studied because o~ its 
l) close proximity to land during migration and feeding; 2) dependence 
upon shallow biologically productive waters during migration; 3) migra
tion through six (6) oil lease areas, where presumably most of the 
entire population can be found from April through October; and. 4) status 
as an endangered species per the Marine Mammal Protection Act of 1972 
and the Endangered Species Act of 1973. Additional field work is 
required to identify the timing and movement of migration, dependence 
on feeding areas, and population parameters such as seasonal abundance. 
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Objectives: 

A. Eastern Aleutian Islands pinniped study, 

l. To summarize on ulation distribution and 
atus and Phoca vitulina dii 

from the peninsula and the Fox Islands 
(eastern Ale~tian 

2. To itemize future research needs and develop "these within an 
efficient study scheme. 

B. Ice seal study. 

l. To obtain sighting data collected on ice seals from OCSEAP 
contracted and non-contracted groups, and to evaluate these data 
with regard to seasonal distribution and abundanc-e. 

2. To identify migration patterns, potential "critical" habitats or 
times of the year for each species, and potential breeding locations. 

3. To complete a final report for this study covering the population 
biology of ice inhabiting phocid seals. 

c. Cetacean study. 

l. To swnmarize the sciepti fj C knowledqe dealipq with distribution 
and abundance of whales in the Bering Sea. =-

2. Information will be supplied regarding gray whales, and a 
justification for continued research outlined. 

D. General. 

1. To catalogue and computerize all sighting records from aerial ~nd 
land surveys collected since 1975 and submit data to EDS for 
archiving, 

2. As with RU 68 and RU 69, a complete processing of dat:a is needed, 
including computer programming, data documentation, quality control 
analysis (i.e. checking and editing}r statistical analysis, 
interpretation and write-up, 

General Strategy and Approach: 

The principal objective of the eastern Aleutian Island study for FY78 will 
be to clarify the population biology of the northern sea lion and the land
breeding harbor seal. The approach, then, will be to sununar ize our data 
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and to integrate them with the literature, making a comprehensive over
view of these species in the study area. Two important findings have 
already been made - to be detailed at the conclusion of the FY78 contract 
period. Briefly, they are 1) a 40-50% decline in northern sea lions in 
the study area since 1956; and 2) a variation in. harbor seal data which 
indicates that land-based studies are essential if a more reliable 
assessment of abundance is to be made. • 

Some of the data collected since 1975 have not been finalized for computer 
processing. It will take several more months before analysis can take 
place because of the large volume of data in our entire program (4 RU's 
and 6 projects). A more detailed look at the kinds of things we must do 
involving data management and time and personnel needs is outlined later. 

; 

Analysis of ice seal data will be accomplished principally through computer 
analysis and graphic display. Graphic display will allow discussion of 
the qualitative aspects of the spatial and temporal arrangements of 
individuals and species by grouping. This kind of "analysis" will be 
vital. to the more limiting statistical treatment of the data. Population 
abundance estimates via computer analysis will be standardized. Data 
collected by Dr. Genadi Fedoseev and Mr. John Burns will be included where 
appropriate (with the Investigators' approval}. 

Summarization of the cetacean data, in particular California gray whale 
data, will be accomplished as outlined in RU 68. 

As stated earlier, the volume of data collected under RU 67 is enormous. 
Some 77 aerial survey flight days have been logged, covering approximately 
450 hours of flight time. Since 1975, approximately 50,000 data records 

. have been processed. A data record is a computer card; six cards are 
required for a single sighting. About 50% of these sightings were made 
during the ice seal surveys. Because of format changes,. and indecision 
by the various OCSEAP managers with regard to format finalization, most 
of these 50,000 records are not ready for computer analysis. As such, 
much effort remains in preparing the data for summary write up. We have 
recognized five phases of data processing which must be accomplished 
before any written product covering our work can be made. The following 
outline and subject-time graph summarize the kinds of effort needed to 
accomplish the requests in the guidelines, as well as the personnel 
necessary to complete the report(s). These planned activities cover 
research units 67, 68 and 69; a minimum of nine people (3 per research 
unit} are needed to complete our work. 
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A. Management preparation~ finalize OCSEAP formatting; complete data 
documentation; identify tests; write checks program and format 
accessing programs; list/check/edit data through computer processing 
and by hand; rework EDS program.(6 months work; 2 full time employees) 

B. Data preparation: complete land study format; write quality control 
programs; complete. mapping procedures/programming; finalize cataloguing 
procedures; complete (upgrade) computer accessing-and analytical 
capabilities. (4 months work; 2 full time employees) 

C. Data analysis: plotting-mapping; data documentation for interpreta
tion; literature review. (3 months work; 2 full time employees) 

D. Report writing and manuscript preparation, including graphic arts 
and review period. (4 months work; 2 full time employees) 

E. Administrative overseeing of RU 67 in data management and Marine 
Mammal Division coordination. (12 months worki 1 part time employee) 

1977 1978 
0 N D F M A M J A s 0 

A ----------------------~~ 
I 

B 

c 

D 

E 

Sampling Methods: 

N/A 

Analytical Methods: 

Much of the field analytical methods are new or untested, and thus not 
readily referenced. For example, comparing ground counts with aerial 
photographs is a rather straightforward procedure. Statistical analysis 
of the ice seal data will follow that produced in our FY77 annual report 
and in Braham and Krogman, 1977. Programs are being developed which will 
allow effort/unit-area to be compared with sighting data. This analysis 
will provide a more complete method of determining relative abundance and 
temporal distribution. Continued effort will be spent on final checking 
of data collected since 1975. 

Anticipated Problems: 

None 
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Deliverable. Products: 

Digital products. (See original proposal, Table 1, for an explanation.} 

Table 1. 
-......--

Collection Submission 
Type Media Volume Format By PI Period Period 

E. A,leutian 
pinniped 
study Tape 16K 025·, 026,027 yes 1975-71 by 1 July 1978 

cetacean 
study Tape llK 026/027 yes 1968-77 by 1 Oct. 1978 

Ice seal 
study Tape 22K 026 yes 1976-77 by 1 Apr. 1978 

Narrative reports. A list of reports/publications {completed, planned 
or in preparation) follows: 

Fiscus, D. H., H. w. Braham, R. w. Mercer, R. D. Everitt, B. D. Krogman, 
P. D. McGuire, c. E. Peterson, R. M. Sonntag and D. E. Withrow. 

1976. Seasonal distribution and relative abundance of marine mammals 
in the Gulf of Alaska. Processed report, u. s .. Dep. Cammer., Natl. 
Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Mar. Mamm. Div., 
Seattle, WA. 238 p. 

Severinghaus, N. C., and M. K. Nerini. 1977. An annotated bibliography 
on marine mammals of Alaska. Processed report, U. S. Dep. Cammer., 
Natl. Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Mar. Mamm. Div~, 
Seattle, WA. 125 p. 

Braham, H. W., and B. D. Krogman. 1977. Population biology of the bowhead 
(Balaena mysticetus) and beluga (Delphinapterus leucas) whale in the 
Bering, Chukchi and Beaufort Seas. Processed report, U. S. Dep. Cammer., 
Natl. Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Mar. Mamm. Div., 
Seattle, WA. 29 p. 

Braham, H. W., and B. D~ Krogman. Spring distribution and abundance of 
the Pacific walrus, Odobenus rosmarus. (In preparation) 

Braham, H. W., G. A. Fedoseev, J. 
tion and abundance of Phocine 
pack ice in the spring, 1976. 
U. S.- U. S. S. R. Convention 
Marine Mammals) 

J. Burns, and B. D. Krogman. Distribu
seals and walruses in the Bering Sea 

(In preparation as a book chapter, 
for Environmental Conservation of 
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Braham, H. W., D• J. Rugh, and. R. D. Everitt. Population status of the 
northern sea lion, Eumetopias jubatus, in the eastern Aleutian Islands, 
Alaska. (In preparation) 

Braham, H. W. Migration of the gray whale, Eschrichtius robustus, in 
Alaska. {In preparation) 

Braham, H. w., R. D. Everitt, and c. H. Fiscus. 
vitulina richardii, populations of the north 
peninsula, and the eastern Aleutian Islands. 

Visual data. 

Harbor seal, Phoca 
side ··af the Alaska 

(planned) 

No anticipated visual aids are planned other than distribution 
charts and maps to be included in reports. 

Other non-digital data. 

None. 

Data submission schedule. 

For data collected prior· to 1978, and submission dates, see Table 1. 

Information Required from Other Investigators: 

Needs: 

1. Quantitative description of the benthic infauna and epifauna for 
the near-shore areas of the Alaska coast throughout the Gulf of 
Alaska, south andnorth coast of the Alaska Peninsulc}, north Bristol 
Bay-Kuskokwim-Nunivak area, Yukon delta. region·, St. Lawrence Island 
and northern Bering/southern Chukchi Seas. Initial contact has been 
made with other P.I. 1 s, but inclusive data are not available. 

2. Detailed description of water current patterns~ particularly 
nearshore throughout Alaska, and especially the patterns near Unimak 
Pass and Elton Pass (Nunivak Island). Some information on currents 
has been obtained. 

3. Information on patterns of movements and seasonal distribution of 
demersal and spawning fishes in the St. George basin and along'the 
north coast of the Ala·ska Peninsula, Norton and Kotzebue Sound. Some 
information is available, particularly for Bristol Bay. 

4. A comprehensive review of the baseline characterization of marine 
mai'lliilals in the Bering Sea cannot be made unless pelagic sighting 
data for all species encountered have been sent to us for evaluation. 
To date, most investigators have been cooperative; others have not. 
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We ask that the Juneau Project Office identify who has marine mammal 
sighting data collected as part of OCSEAP, and that contact be made 
by us or Project Office staff to insure that all data are included 
in our data bank for analysis. We further request that any data 
collected between 1975 and 1977 (that have not yet been sent to us) 
be submitted prior to 1 February 1978 to insure inclusion in the 
final report. 

Quality Assurance Plans: 

A review of quality 
the summer of 1977. 
control of data was 

control procedures in data management was made during 
The following revised schedule for insuring quality 

adopted: 

The in-house computer format was revised so as to more closely parallel 
all raw data measurements. After coding onto keypunch abstracts, data 
are 100% visually checked with raw·data. After punching, a listing from 
punched cards is again· 100% rechecked with the raw data. All data are 
run through a comprehensive quality control program, which identifies ail 
logic errors and questionable data~ From these tests our error rate in 
checking data will equal zero. Finally, an expanded data management 
document is being written which will detail all quality control tests 
performed on our _data. This report will be submitted with the Data 
Documentation Forms during EDS submission, or as a separate data. manage
ment product. In either case, we expect it to be ava~lable for the FY 78 
annual report. 

Specimen Archival Plan: 

None 

Logistic Requirements: 

None 

Management .Plan: 

The principal investigators will take an active role in the project by 
.spending approximately 33% and 100% of th~ir time on this RU, on data 
management and analysis, write-up, and in· the administration of personnel 

( and budgetary considerations. 

Outlook: 

See RU 67 original proposal dated 10 June 1977. 

"Standard Statements;': 

Accepted. See original proposal dated 10 June 1977. 
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MILESTONE CHART 

Major Milestones 
1977 1978 

0 n D J F M A M J J A s 

Ice seal study: 
Data analysis 
( 1976-77 data) 

\'/rite up; EDS 
submission (x) X 

Cetacean study!/: 
Data analysis 
(1976-77 data) 

Write up; EDS 
submission (x) X 

E. Aleutian Islands 
Pinniped Study: 

Data. analysis 
(1975-77 data) 

Write up; EDS 
submission (x) X 

l/ Data presentation for the Bering Sea project (RU 67)'will be included 
.in the Gulf of Alaska project (RU 68) final report, except for one 
species, the California gray whale. 
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List of References 

. Braham, H. W., and B. D. Krogman. (In prep.) Distribution and abundance 
of the Pacific walrus (Odobenus rosmarus) from Spring 1976 aerial 
surveys. Natl. Oceanic Atmos. Admin., Natl. Mar. Fish. Serv., Northwest 
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sources of bias in transect' sampling of large mammal populations. 
E. Afr. Wildl. J. 10(3):175-191. 
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Ke~punch <'~~~e.sLa.ruL~_ecked ' 
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fo•l. ,, . 
Final guali t1 check of data (computer check) A ~"· .A 

tD•t, In• • 

Conllex:t tlZ6 formRt 
A 

to liM'!. 

Submit to EDS (archival) 
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!r ... • 
•' 

C~ta~~an Styd~ ll 0916-ZZ dat: .. a"\ • ... 
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A 
M~ 
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Final cuali tv_ check of data fcomnuter check) A A. A. 
lo' o•t. 16t.•/. 

Conver! to 026 fo:ramt 
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rao1 

Sl!hmi...~ to EDS (a_rchival"' 
A . 

E. Aleutian Islands Pinniped Study (1975-77) . .. 

Ra1·1 de.;e. converted to in-house format A.' ... - . 
1 ..... , I I Kevpunch abstracts coded and checked '""'·' 
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1/ Data presentation for the Bel'ing Sea Project '.(R,U, 67) \-rill be included in the. Gul:f·of Alaska project (R.U. 68) final 
report except for one species, the gray whale 
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I'J77 1'11S 
NARRATIVE REPORTS ' .>0 N D J F M M J IJ N D A A s 0 

Indicate the following for each narrative report/manuscript to be generated 

under R.U. 67 listed below: 

A/In preparation (indicate progress by showing % completion/month) 

B/Submit for agency (NMFS) review 
C/Final report in printing 

D/Submission to OCSEAP 

l. Distribution and abundance of Phocine seals and walruses in the Berinl! Sea A tb•/. ~ " . ~..,~. ,~) B c. 0 

pack ice in the spring, 1976. 

-«-- ... 
2. Population status of the-northern sea lion, Ill.!m~tfll2ias jybatus, in the fl. 

zo'l. 'lo~ 'D' ~o•1 '"' ~ B c. - {) 
... . 

eastern Aleutia ,1 Islands, Alaska. .. 

3. Harbor seal, .E.lu:u:a Yi:l:.!Jlina ti.ch;:n::Mi, populations of the north side ·of t~ 77 :;;: B c. - 0 

the Alaska peninsula; and the eastern. Aleutian Islands, 
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SEASONAL DISTRIBUTION AND RELATIVE ABUNDANCE 
OF 1\lARINE J.:.?;.;.l!•tl!.LS IN THE 'KES'l'ERN GULF OF ALASKA 

Research Unit 68 

Principal Investigators 

Howard W. Braham, PhD 

Lt. Roger W. Mercer 

Contract Period 

l October 1977 - 30 September 1978 

Nc.rine Manunal Division ,-
Northwest and Alaska Fisheries Center 

National Marine Fisheries Service 
National Oceanic and Atmospheric Administration -

29 October 1977 
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Seasonal Distribution and Relative Abundance of Marine Mammals in the 
Western Gulf of Alaska. 
Research Unit 68 
R7120806 
Contract period 1 October 1977 to 30 September 1978 

Principal Investigator: 
Principal Investigator: 

Cost: 

Total 
Distribution by lease area 
1. Aleutian Islands 
2. Kodiak 
3. Bering Sea 
4. NEGOA 

Background: 

Howard W. Braham, Ph. D. 
Roger W. Mercer, Lt., NOAA Corps 

36. 7K 

50% 
20% 
20% 
10% 

-3 

A great deal of marine mammal sighting data has been collected from the 
Gulf of Alaska-Aleutian Shelf and the Bering Sea since 1972 as part of 
research unit 68 and the Platforms of Opportunity Program (POP, an on
going NOAA program). About 10% of these data were coded and presented in 
an unsolicited "final report" for the NEGOA (Fiscus, et aL, 1976). As of 
autumn 1977 about 60% of the data collected through 1976 are coded. The 
rerr.ainder could be coded and available for processing by June 1978. 
Additionally, approximately 6,500 sighting records have been sent to us 
from POP and OCSEAP vessel observers that have not been completely logged. 

With the great volume of data ~ow in our files, and as yet not in final 
form for presentation, we are requesting a contract to cover the costs of 
persormel, data processing, and final report preparation for all marine 
mammal data in our files collected aboard ships working in the Gulf of 
Alaska and southern Bering Sea. 

Objectives: 

Our year-end objective for FY78 will be to prepare a final report to include 
sighting data on marine mammals from the Gulf of Alaska and southern Bering 
Sea, covering or including the following topics or products: 

1. Seasonal distribution qnd relative abundance where a sufficient 
data base exists for each species. 

2. Population compositions, where data exist, to include such 
information as age and/or sex and group size. 

3. Estimates of population size beyond relative abundance, should 
sufficient temporal and spatial information exist for either 
local or more widely distributed populations. 

4. Submittal on magnetic tape of all data that have been finalized. 
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5. Submittal of a detailed report to include a litE!rature sc.-arch 
for each marine m~n~al species, including research methodology, 
results, conclusions and needs for additional research. 

General Strategy: 

Sir.ce this will be the final phase of data reduction and analysis for RU 68, 
a comprer1ensive review of the literature will be inteyrated with sighting 
data to obtain an overview of marine mammal distribution and abundance. To 
accomplish these aims final data preparation will be emphasized during the 
first half of the contract period. POP data will 9e carefully evaluated for 
accuracy and coded (which inc]udes final logging) with a 100% independent 
check, and a 10% random check of keypunched data. Sightings will be plotted 
by species and season. T"nese will' be accompanied by seasonal transect 
plots. These comparisons are necessary to evaluate relative abundance 
and seasonal variation. 

From the sighting record~ an evaluation will be made of species trends with 
regard to areas where petroleum development is anticipated. Visual aids 
will be developed that relate to important habitats by species# as well as 
major migration routes, foraging areas and breeding grounds. Naturally, an 
evaluation of these important factors is dependent upon the quantity and 
quality of the data sent to us. In many cases we cannot provide quality 
control assurance except where we have either collected the d·ata ourselves, 
or extracted apparently reliable information from data sent to us. 

Data currently in our files will be processed according to the following 
monetary apportionment: 

Aleutian Islands 50% 
Kodiak Shelf 20% 
Bering Sea 20% 
NEGOA 10% 

For reporting purposes, the Aleutian Islands area is that bounded by 155° 
and 170° W. Longitude south of the Alaska Peninsula; the Kodiak Shelf 
bou..r1ded by 148° and 155° W. Longitude exclusive of Cook Inlet; NEGOA within 
136° and 148° W. Longitude; and the Bering Sea area, for RU 68 reporting 
purposes, is south of 60° N. Latitude and east of 170° W. Longitude. 

Sampling Hethods: 

N/A 

Analytical 1'-lethods: 

Kost POP data are gathered by volunteer observers (those not employed by 
the l·!arine Mammal Division). /\S such, no sampling scheme was used to 
collect these data, and because many observers were not trained by us, some 
aata are unreliable. T"nerefore, well defined quality control measures have 
beS:n developed and will be applied to all data that will be reported. The 
data thct will be presented are considered reliable, and accurate according 
to spc:cies identification, location and time of sighting and number of 
ar~:mals seen. These are the key parameters to better pl·edict distribution 
and relative abunda.nce. 
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Distribution will be rt~J'rJrted t},rnugh ci.r,rts by species and sr~ason; the 
only analysis perforn~d, then, will be tn a qualitative narrative fashion. 
Relative abundance estimates will be mi:'!de based on a percent composition 
of individual species to all species, by time. Where effort data exist 
(that is, the amount of time spent looking for animals) a more rigorous 
analysis of the number of animals per time or space will be nade. 'rhese 
kinds of measurements are, in effect, relative abundance estimates. 
Absolute abi.mdance cannot be determined; however, where sufficient historical 
information exists, a best estimate of the numbers of animals by population 
will be provided. The developmental aspects of more detailed analytical 
methods are not necessary considering the kind of information at our 
disposaL 

Anticipated Problems: 

Occasionally field data are not received from volunteer observers for 
several months after they have returned from an ocean voyage. Consequently, 
some data (<15%) may be submitted to EDS up to a year after collected. 

Deliverable Products: 

A. Digital data 

1. a. Transects: Beginning and end positions in , minutes, 

2. 

seconds latitude and longitude; water surface 'temperature; 
visibility; begin and end times and dates to hours ·and minutes 
accuracy; length of transect ar.~d elapsed time; vessel name. 

b. Sighting records: Position in latitude and longitude; date and 
time (time zone specified}; species (positive or tentative 
identification); number of animals; behavior ("027" codes); 
direction headed (NW, E, S, SE); relative initial range and 
bearing; visibility code; platform ID; time zone; comments. 

See below. 
Collection Est. Format.ting 

Data Media Volume Format Submission ---

Pelagic sightings unprocessed tape 15K 027 yes l Jan. 1977 
of ma:r;ine mammals data 1972-76 

Pelagic sightings 1977 tape 7K 027 yes 1 July 1978 
of marine rr.ammals 

B. Harrative reports: The following list of completed or planned reports/ 
manuscripts have been or will be generated from data collected under 
RU 68. 
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Fiscus, C. H., H. W. Braham, R.· W. ~'lc:rcer, R. D. Evt-,ritt, B. D. Krm;~'Tilan, 

P. D. HcGuire, C. E. Peterson, R. M. Sonntag and D: E. vlithrow. 
1976. Seasonal distribution and relative abundance of marine manu[\als 
in the Gul.f of Alaska. Processed report, U. S. Dep. Cammer., Natl. 
Oceanic Atmos. Admin., Natl. Nar. ·Fish.· Serv., fvlar. l1anun. Div., 
Seattle, WA. 238 p. 

Seve:r:·inghaus, N. c., and M. K. Nerini. 1977. An annotated bibliography 
on marine rrammals of Alaska. Processed report, U. S. Dep. Co~~er., 
Natl. Oceanic Atmos. Admin., Natl. t1ar. Fish. Serv., lvlar. l-1amm. Div. 1 

Seattle, WA. 12~ p. 

Braham, H. W. Spring migration of the California gray whale, 
Eschrichtius robust us, in' Alaska. (manuscript) 

Braham, H. W., R. W. Mercer, and T. W. Bray. Preliminary evaluation of 
Dall porpoise (Phocoenoides dallii distribution in Alaska.· (in 
preparation) 

Braham, H. W., and R. W. Hercer. Cetacea dist.ribution 1n the Gulf of 
Alaska and southern Bering Sea. (planned) 

C. Visual data 

L Plots ·of marine ma!ilJilal sightings, species by sea!:>on. 
2. Plots of transect data. 
3. Plots of the ratio of individual species to all spec).es ghted by 

seas6n and location. 
4. Plots of sighting.data collected only during,transect work. 
5. Tables of individual species by time and location. 
6. Density plots of key species (to be determined) for time and location. 
7. Charts of "critical" habitats for selected species if data are 

suggestive of this •. 
8. Charts of major migration routes, feeding areas and pot:ential breeding 

grounds if data are suggestive of these. 

D. Non-digital data 

None. 

E. Data submission schedule 

See A. 2. above. Also, data will be submitted quarterly as they are 
finalized and processed. Because of the nature of the data that are 
still coming in, we cannot provide a detailed list at this time as to 
which data or cruises will be submitted during which quarters. However, 
all .1972-77 data that are finalized will be in the Juneau Project: Office 
by 1 October 1978. 
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Infonr.ation from Other InvE:st igators: 

A comprehensive review of the baseline characterization of marine mammals 
in the Gulf of Alaska and southern Bering Sea cannot be made unless pelagic. 
sighting data for all species encountered have been sent to us for evalua
tion. To date, most investigators have been cooperative; others have not. 
We ask that the Juneau Project Office identify who has marine m.amrnal 
sighting data collected as part of OCSEAP, and that contact be made by us 
or Project Office staff to insure that all data are included in our data 
bank for analysis. We further request that any data collected between 
1975 and 1977 (that has not yet been sent to us) be submitted prior to 
1 February 1978 to insure inclusion in the final report. 

Quality Assurance Plans: 

A review of quality 
the summer of 1977. 
control of data was 

con.trol procedures in data management was made during 
The following revised scherlu],e for insuring quality 

adopted: 

The in-house computer format was revised so as to more closely parallel . 
all raw data measurements. After coding onto keypunch abstracts, data 
are 100% visually checked with raw data. After punching, a listing from 
punched cards is again 100% rechecked with the raw data. All data are 
run through a comprehensive quality control program, which identifies all 
logic errors and questionable data.. From these tests our error rate in 
checking data will equal zero. Finally, an expanded data management 
document is being written which will detail all quality control tests 
performed on our data. This report will be submitted with the Data 
Documentation Forms during EDS submission, or as a separate data manage
ment product. In either case, we expect it to be available for the FY 78 
annual report. 

Specimen Archival Plan: 

None 

Logistic· Requirements: 

None 

Management Plan: 

The principal investigators will take an active ~ole in the project by 
spending approximately 33% and 100% of their time on this RU, on data · 
management and analysis, write-up, and in the administration of personnel 
and budgetary considerations. 
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EDS submission 

Data analysis and 
report preparation 

Hilestone Chart 

1977 

Oct -Nov Feb 

*final report termination date 

Outlook: 

N/A 
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DISTRIBUTION AND ABUNDANCE OF BOWHEAD 
AND BELUGA WHALES IN THE ARCTIC OCEAN 

Research Unit 69 

Principal Investigators 

Howard W. Braham 

Bruce D. Krogman 

Fiscal Year 1978 

1 October 1977 - 30 September ·1978 

Marine Mammal Division 
Northwest and Alaska Fisheries Center 

National Marine Fisheries Service 
National Oceanic and Atmospheric Administration 

7600 Sand Point Way, N. E. 
Seattle, Washington 98115 

26 October 1977 
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I. Distribution and Abundance of Bowhead and Beluga Whales in the 
Arctic Ocean. 
Research Unit 69. 
Contract Period 1 October 1977 to 30 September 1978 
Contract Number R7120807 

II. Principal Investigators: Howard w. Braham 
Bruce D. Krogman 

III. Cost: 

Total 
Distribution of effort 
1. Chukchi Sea 
2. Beaufort Sea 

IV. Background 

34.4K 

60% 
40% 

3 

During FY 76 and FY 77 data were collected on bowhead and beluga 
whale migratory patterns through the Bering, Chukchi and Beaufort 
Seas using aerial surveys and field counting stations. Research 
methods were tested and found reliable. The rapidly changing 
environmental conditions caused some surveys to be aborted. Pre
liminary interpretation of FY 76-77 data provides some new informa
tion on the distribution and abundance of both species but too little 
time has been spent in the study area to detect population 
fluctuations. 

V. Objectives 

The main objective for research conducted during FY 78 will be to 
synthesize results from FY 76 and FY 77 field research. Specifically, 
objectives will be to: 

A. Provide estimates of abundance for the Bering-Chukchi-Beaufort 
Seas stocks. 

B. Determine seasonal distribution and relative abundance. 

C. Delineate migratory patterns. 

D. Evaluate data base and idenfity information gaps. 

VI. General Strategy 

No field work will be conducted during FY 78. 
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VII. 

VIII. 

IX. 

x. 

4 

Laboratory analysis of FY 76 and FY 77 field data will continue. 
Analytical strategy will be similar to that described in Braham 
and Krogman, 1977. Data is first summarized as tables and charts. 
Population abundance index is derived from ice camp data; distribu
tional information acquired from charts based on results of aerial 
survey. Inference is drawn from maps regarqing migratory patterns. 

A literature search is continuing for all reports with topics 
relating to bowhead whales. OCS reports and other publications 
are being reviewed with the intent of identifying potential oil
whale disturbance factors which may result from offsh0re oil 
development. 

Sampling Methods 

N/A 

.Analytical Methods 

N/A 

Anticipated Problems 

None 

Deliverable Products 

A. Digital products 

Data Type Volume (No. 
of Records) Format Collection 

Period 
Submission 

Period 

Ice station 
whale counts 100 

Aerial survey 
counts 10,000 

B. Narrative reports 

027 

026 

Spring FY 76, FY 77 

Fall FY 75< Spring 
and Fall FY 76, FY 77 

Spring FY 78 

Spring FY 78 

Braham, H. W., and B. D. Krogman. Population biology of the bowhead 
(Balaena mysticetus) and beluga {Delphinapterus leucas) whale 
in the Bering, Chukchi and Beaufort Seas. -Processed report, 
Northwest and Alaska Fisheries Center, Natl. Nar. Fish. Serv., 
Natl. Oceanic Atmos. Admin., seattle, WA. 29 p. 

Krogman, B. D., and R. D. Everitt. Reproductive behavior in bowhead 
whales (Balaena mysticetus). (in preparation) 
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c. Visual Data 

N/A 

D. Other Non-Digital Data 

N/A 

E. Data Submission Schedule 

All backlogged data collected over the past three years will have 
been checked, and will be submitted before April 1978 (annual 
report). 

' XI. Information Required from Other· Investigators 

A. 'Ice lead conditions from Pt. Hope to Pt. Barrow in April-June 
for 1975-1977 are needed. Also, the location of offshore leads 
from Pt. Barrow to Banks Island April-July 1975-1977. 

B~ The surface and midwater zooplankton species composition and 
assembleges in the central Chukchi and eastern Beaufort Seas. 
The composition in the nearshore area just east of Barrow July
September is most pertinent. 

XII. Quality Assurance Plans 

A review of quality control 
during the summer of 1977. 
insuring quality control of 

procedures in data management was made 
The following revised schedule for 
data was adopted: 

The in-house computer format was revised so as to mo~e closely 
parallel all raw data measurements. After coding onto keypunch 
abstracts, data are 100% visually checked with raw data. After 
punching, a listing from punched cards is again 100% rechecked with 
the raw data. All data are run through a comprehensive quality 
control program, whcih identifies all logic errors and questionable 
data. From these tests our error rate in checking data will equal 
zero. Finally, an expanded data management document is being written 
which will detail all quality control tests performed on our data. 
This report will be submitted with the Data Documentation Forms 
during EDS submission, or as a separate data management product. In 
either case, we expect it to be available for the FY 78 annual report. 

XIII. Special Vouchering 

N/A 

XIV. Logistic Requirements 

N/A 
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XV. Management Plan 

I 

The principal investigators will allocate 35% and 100%, respect:.ively, 
of their time in the data analysis, report preparation and administra
tion of personnel and budgets. 

XVI. Outlook 

The data collected during FY 76-77 have helped' identify migratory 
corridors as well as the temporal distributiqn and abundance of the 
bowhead and beluga whale. From these studies, an understanding of 
habitat use and an estimate of .the size of the bowhead and beluga 
populations can be obtain~d. To assess vulnerability of these 
species to oil development, more refined information is needed on 
their feeding habits and reproductive biology. 

XVII. "Standard Statements" 

Accepted. See original proposal dated 10 June 1977. 

Major Milestones 

Data processing & 
related programming 

Data quality control 
and submission to 
EDS 

Analysis,literature 
search, & report 
writing 

Quarterly reports 

MILESTONE CHART 

1917 1978 
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----,fl 

--~---------~---ll 

260 

J .A .S 0 N D 

\ 

.\ 



N 
0\ ,_. 

--

-
.. 

R. IT H6Q 

MAJOR MILESTONES 

Raw dat:a logged and converted to in-house format 

Keyunch abstracts coded and checked 
Keypunching completed and verified 
Final quality c}?.eck of data (computer check) 

~ Develop i·ce ::station foz:mat 
I 

.2./ Convert data to ocs format .. 
3/ Submit to EDS (archival) 

Ouarterlv renort 
Final rennrt 

Indicate the following f.:rxr each rrarrative report/manuscript to be generated under 

R.U. 69/70 listed'below: 

A/In nrenaration (indicate nrol!ress bv showinsz % comnletion/month) 

BlSubmit for agency {N_MFS) revie,.,. 

C/Final renort in printing 
D/Submission to OCSEAP. 

1. Population Biolorw of the Bowhead (Bal~ena mysticetus) and Beluga (Il~l ~bimm.t..e.r.us . .le.w:..as.) 

whale in the Bering, Chukchi and Beaufort. Seas. 

2. Spring distrubution and abundance of the Pacific walrus ( lli.\u.b.!m:u.s tQS!!lSIIl.!S). 

1977 191i 
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!f Develope ice-station format. 

I am developing a computer ,format for coding field data collected while making counts of whales moving by fixed points on 
land or shore fast ice. The numeric designation 026 already applies to the aerial survey format used for collecting 
marine mammal in~orrnation. I suggest a new number be designated for this new format. In my opinion, the survey 
information we collect under_RU69 cannot be translated to either the 026 or the 027 (shipboard) formats • 

. y Convert. to OCS format. 

lf Submit to EOS (archival) 

2/ r~quires one computer run, and will be done all at once as part of 3/. 
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C. Technical Propos~l Form 

I. Title and Task Statement Number 

II 

Effects of Oiling on Temperature Regulation in Sea Otters 
Research Unit Number: 71 
Contract Number: Renewal of 03-7-022-35130 
Proposed Dates·of Contract: 10/1/77- 9/30/78 

Principal Investigator(s) III. Cost of Proposal 

Dr. G. L. Kooyman 
Dr. W. A. Garey* c. Total 62,773. 

IV. Background: Outline the relationship and relevance of the pro
·. posed research to other scientific efforts in the area of 
interest, and how the proposed work relates to research pre
viously conducted. 

This project represents an extension of studies that began 
with the investigations of diving and feeding behavior, and thermo
regulatory effects of oil pollution in fur seals. In this species 
which relies on fur for insulation against cold sea water, the effects 
of oiling were profound. · It is thought, but not measured, that sea 
otters are even more dependent on their fur for insulation. The re
sults will provide an answer to such questions as well as help in 
providing basic information on the general aspects of respiration in 
all marine mammals. Furthermore, determination of the characteristics 
of diving, and measurements-of the energetics involved will help to 
provide general information on the energy requirements of the various 
marine mammals and their different modes of propulsion. 

V. .Objectives: List the most import.ant objectives of this research 
project~ Indicate specifically the relevance of these objectives 
to an environmental assessment of the Alaskan Continental Shelf 
that will provide information for decision making during leasing 
and development. 

1. Energy requirements of normal sea otters at various 
water temperatures. 

2. Energy requirements of sea otters after oiling. 

3. Appropriate procedures for rehabilitat~ng oiled sea 
otters. 

4. At sea behavior and energetics of sea otters. · 

These objectives will provide a data base from which the 
assessment of any kind. of oil. contamination, or other activity which 
may alter the nature of the otter's food sources can be derived. In 
addition, relative to oil contamination the difficulties and costs of 

*Appointment extension pending. 264 



protecting from oiling, and the rehabilitating of oiled otters can 
be estimated. 

VI. General Strategy: Discuss your strategy to meet the objectives 
described in the task statement. 

It is predicted that oil will have an impact on sea otters through 
increasing their maintenance costs due to increased heat loss in air 
and in water as a result of pela.ge contamination. The ;magnitude of 
this increase will also vary between neonates and adults. External 
oil may also impair their diving and feeding abilities •• Kenyon (1974) 
noted that malnutrition was common in contaminated fur se.als. Finally 
we would anticit-ate direct metabolic e'ffects of ingested oil. This pro
posed research will continue physiological research on sea otters, 
and will include an analysis and evaluation of other studies on the 
effects of oil pollution on sea otters. 

Two otters are presently being studied at the Physiological Re
search Laboratory, Scripps Institution of Oceanography. After condition
ing the otters accepted confinement in the metabolic test chamber, 
their normal metabolic rates are begin measured at a variety of water 
temperatures. The otters will be oiled by brushing a liberal amount 
of oil on their dorsal surface. Metabolic measurements will be re
peated several hours after their pelts are oil-fouled. In the interim 
they will be allowed to swim in a small tank to remove excess oil and 
volatiles. At Jchis time. Dr. Sam McGinnis will conduct some of heat 
flux measurements which are pertinent tq an independent project. Immed
iately thereafter the otters will be anesthetized (for ease of handling; 
safety, and thoroughness) and their fur will be cleaned of oil with a 
detergent. After l or 2 days recovery from anesthesia,maintenance 
metabolic rates will again be measured at intervals for 2 or 3 more 

-weeks. Data will be analyzed to show changes in metabolic rates 
associated with alteration due to oil of the insulative properties of 
the fur, and changes associated with the cleansing process. Results 
will be compared with data from past studies on northern fur seals, and 
with the results of other investigators on these and other species. 

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}. 

The sampling procedures will be the same as those recently used 
for fur seals and used previously in metabolic rates in penguins 
(Kooyman,G.L., R.L.Gentry, W.P.Bergman and H.T.Hammel, 1976, Comp. 
Biochem. Physiol. 54A: 75-80). 

The thermal neutral zone will be determined in four sea otters 
conditioned to "rest" in the metabolic test chamber. The principle 
variable measured in these tests is oxygen consumed, and body and skin 
temperature. The control thermal neutral zone will be compared to 
otters after oiling and after cleaning. Furthermore, the continous 
sampling ability of our method will permit us to determine the average 
whole body heat conductance for a 10 to 12 hr run. This will include 
the important activity (mainly grooming) periods.. The changes in whole 
body conductance during exposure to various water temperatures before 
and after oiling will indicate the metabolic costs of oil on the fur. 
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These same sampling procedures will be repeated after the oiled 
animals have been anesthetized and cleaned. 

VIII. Analytical Methods: What methods of analysis are contemplated? 
Provide literature references. {Complete only if applicable.) 

Oxygen consumption willbe determined by well known procedures 
outlined in Kooyman et al. {ibid) and Depocas and Hart (1957). The 
key instruments are an AEl electronic oxygen analyzer and an accurate 
gas meter. Body and skin .temperature's will be obtained by- ratiotelemtry. 

IX. Anticipated Problems: Discuss any anticipated major difficulties 
associated with the task and re.commend solutions. 

Technically no major difficulties are anticipated.with regard to 
equipment. The metabolic test chamber is available and functioning, 
and most essential equipment is on hand. 

The logistic problems associated with optaining a permit to 
experiment on otters, or in capturing and transporting otters could 
delay this project. Also, the maintenance of the otters after clean
ing.could require a considerable amount of time. 

X. Deliverable products: Identify products to be generated as a 
. result of this project. 

This project will produce a narrative report containing a thoro~gh 
description 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. 

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 com
plete the proposed work. Research presently reported in the literature 
will .be reviewed for comparison studies. ·Metabolism and Thermal Reg.ula
tion in the Sea Otter by Morrison, P.M.Rosenmann and J.A.Estes, (1974, · 
Physiol. Zool. 47: 218-229) will serve as·a basis of comparison for 
the studies.· 
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XII. Quality Assurance Plans 

·Briefly describe procedures and/or methods and schedule to be 
used for the calibration and intercomparison of instruments, 
techniques and analytical results. 

The AEl oxygen analyzer is easily calibrated daily by flushing 
the sensing cell with outside dry air and then reducing the pressure 
within the cell by a precisely known amount which is determined with 
a water manometer. The deviation from the predicted value is the 
factor for the analyzer on any given day. This has become a standard 
method of calibrating electronic o2 analyzers and was originally 
devised by Prof. H. T. Hammel, a member of PRL Staff. 

The telemetry pills will be calibrated against a bureau of 
standards thermometer. 

XIII. Specia:l-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, etc. 

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 identi
fied in the Cost Proposal Form, Section 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-4.b of the Cost Proposal Form. Questions 
regarding the fqrm should be directedto the Project Office 
Logistics coordinators (907) 586-7438 (Sup-Arctic), and {907) 
479-7371 (Arctic). The OCSEAP Logistics Officer in Boulder is at 
(303) 499-1000 ext. 6562 (FTS 323-6562). 

Logistic requirements exist only for transportation of sea otters 
from Monterey to San Diego, California. However, should the marine 
mammal commission rule that the two additional otters that may be 
requested should be collected in Alaska then major logistic requirements 
will be necessary. 
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Ship Support N/A 

1. Ship type: 2. Ship days required: 

3. Calendar Period: Optimum Days Acceptable Alternativ.es. 

4. Observations to be made: 

5. P.rovide on a separate page a chart of operations ·area with cruise 
tracks and stations marked. 

6. Number of scientists on board: 

7. Special equipment required: 

Aircraft Support: Fixed Wing or Helicopber N/A 

1. Aircraft Type.:. 2. Aircraft hours required: 

Optimum Days Acceptable Alternatives 
3. Calendar Period: 

4. Provide on a separate page a chart of operations area with flight 
tracks and stations marked. 

s. Observations to be made: 

6. Number of scientists on board: 

7. Special equipment required: 

Quarters and Subsistence Support 

1. Location: Monterey, Calif. 2. Period: Intermittent Oct to May 

3. Number of personnel per day: 4 4. Tot.al man days per period: 40 

5. Can you provide this support? Yes 

Special Logistics Problems: If you anticipate any, how do you propose 
to solve them? 

1. Otters for this study can be provided by other researchers working in 
California. The only logistic requirement will be to ,fly. or drive the 
animals to San Diego. If California animals are not allowed, two will 
be captured near Cordova, Alaska. Mr. Ancel Johnson, u.s. Department 
of Interior has volunteered his boat, nets and expertise to help in the 
capture, and will allow us to house the animals in his holding facility 
until transp.ortation is arranged. A chartered boat will be necessary 
to take the animals to Cordova where a chartered Aleutian Goose will pick 
them up for transport to San Diego. 
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XV. Management Plan: Briefly describe how you will manage your 
project. Also provide an Activity/Milestone chart. 

The Principal Investigator shall actively lead and supervise the 
proposed work. Dr. G. L. Kooyman will submit quarterly and final re
ports to OCSEAP format and forward them to Boulder. 

Activity/Milestone Chart 

October, 1977 

Renewal of the contract. 

October,l977 to June, 1978 

Continue metabolic tests and submit quarterly reports. 

July-August, 1978 

Complete analysis of metabolic results and finalize report. 
Initiate tests of an appropriate depth recorder pack. 
Initiate tests of feasibility of training otters for determina
tions of metabolic rates while swimming. 

XVI. Outlook: Assuming that the research proposed for FY78 is suc
cessfully carried out, please outline the remainder of the re
search effort which is required to complete the work or to 
reach the first major plateau of accomplishment before changing 
direction. This should be less detailed than the FY78 proposal, 
but should include a rough estimate of: 

1. The nature of the final results and data products. 

The final results of this project will yield a quantitative 
evaluation of the metabolic costs of the sea otter f~r general maintenance 
and for foraging, plus the impact that contamination of the otter's 
fur coat with crude oil may have on these metabolic requirements. In 
addition, some general concepts and procedures for the rehabilitation of 
oiled sea otters should evolve from this study. 

2. Significant milestones. 

A. Successful completion of the general metabolic requirements 
of the sea otter. 

B. Development of a successful procedure for rehabilitating oiled 
sea otters. 

c. Development of methods and determination of specific foraging 
activities of the sea otter. 

D. Successful training and then analysis of specific swimming 
requirements. 

3. Cost by fiscal year. 

About $60,000/year. 

4. Additional major equipment required. 

Depth-time recorders. 
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5. Location of future field efforts (if applicable). 

Prince William Sound, Alaska 

6. Logistics .requirements, if they are expected to differ 
greatly from FY78. 

Transport, housing, boat rentals and diving equipment for 
Prince William Sound study of diving activities. 

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 termina
tion of the contract. 

3. Where biota are concerned, all species and higher categories 'I 
will be represented by the voucher specimens that will be \ 
preserved, labelled, held, and shipped to ~n official OCSEAP
designated repository in conformity with OCSEAP voucher 
speciamen 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 thePI 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 specifie.d 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 
written waiver has beeri 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·gather
ing effort, a ROSCOP data collection inventor~· 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 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 for information and for forward
ing 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 sponsor
ship. The following acknowledgement 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 continen
tal shelf is managed by the Outer Continental 
Shelf Environmental Assessment Program (OCSE;AP) 
Office." 
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for all professional personnel, .engaged on the project, beginning with the Principal Investigator.) 
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RFx41-7l-664 

A! it:: I !l -r,.,77 V ·- (.r 1.'1 

Dr. Gerald L. Kooyman 
University of California, San Diego 
Scripps Institution of Oceanography 
P.O. Box 1529 
La Jolla, California 92037 

Reference: Research Unit #71 
Guidance Letter RFx41-71-549 

Dear Dr. Kooyman: 

Out""r r,._,.,"nen"l S" 11 ~ · 1 ·.,- .._._,,.,, • •:'1 11e, t.nv;:on:nenta. 
Assessr:.enl PPYJrdr::1 

B:::rinq Sea-Gulf of fl.l,oska Praject Office 
P. 0. Box 1809 
hmedu. Alaska 99802 
PH: 907-586-7432 

Your FY 78 renewal proposal entitled 11 Effects of Oiling on Temperature 
Regulation in Sea Otters!t 11 and letter in response to guidance have been 
reviewed in the Juneau Project Office. The original proposal is judged 
acceptable with the addenda in your letter of 4 August 1977 at your 
requested funding level of $62,773. He will instruct our Contracting 
Office to initiate contracting procedures based on the above items. 

The final funding conmitment and level are contingent on approval of the 
FY 78 OCSEAP budget by the Bureau of Land Management. 

I look forward to your continued involvement in our program. 

Sincerely, 

Herbert E. Bruce Ph.D. 
Bering Sea - Gulf of Alaska Project Manager 

cc: LPrOgram Office 
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TEL. No.0223 68665 

4th August, 1977 

Ms. Susan J. Anderson, 
OCSEAP, 

UNIVERSITY OF CAMBRIDGE 

Ber\ing Sea-Gulf of Alaska Project Office, 
P. 0. Box 1808, 
Juneau, 
Alaska 99802. 

Dear su·san, 

DEPARTMENT OF ANATOMY 
DOWNING ST. 

CAMBRIDGE 
CB2 3DY 

This letter is in response to the letter of 21 July and our phone conversation of 
3 August 1977. 

The following are my revisions, or assessments of the proposed objectives within 
the 21 July letter: 

1. Quarterly and final reports will be submitted by the Principal Investigator to 
the Juneau Project Office. 

2. Assessment of the objective revisions in 21 July letter: 

A. "The potential long-term effects of accumulated petroleum ingested during 
grooming of oil-fouled fur". 

I would not be willing to study this problem because: (1) I have no competence 
in the area of pathology of the G.I. tract; and (2) it is doubtful that otters can 
be maintained for a long-term after oiling. 

B. "The effects of oiling on neonate and juvenile sea otters as compared to 
adults". 

Again I am not willing to commit myself to such a project for the following 
reasons: (1) I see no clear logic in expecting that the effects in juveniles at 
least in a thermoregulatory sense, would be significantly different from the adults. 
(2) The problems of collecting and maintaining near term females and the neonates 
would be exceptionally great. (3) I have no permits for holding neonates and the 
time required to get them, based on past experience, would require at least 9 months. 
Therefore, the likelihood of being able to do such experiments in FY 78 is remote. 
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C. I. The effects of oil on diving and feeding behaviour of sea otters. 
II. Are the animals able to detect and avoid floating oil either on or 

beneath the water surface?" 

For a variety· of reasons this is an Alaskan field project. Part I would most 
logically be conducted after the California work is completed so that manpower 
resources are not stretched too broadly. This work would require also a considerable 
amount of design and testing as suggested in the original renewal proposal. A 
proper way of attaching recorders could be accomplished in the summer of 1978 at 
Scripps and by using the otters involved in t)le thermoregulatory studies. Possibly 
a 'preliminary' test in Alaska could be accomplished in late summer. Then a:t least 
3 or 4 months would be necessary to construct the recorders and make preparations 
for a major field study. 

Part II is not within my scope of expertise. However, I believe that Dr. 
Don Si~iff of the University of Minnesota conducted some studies of this nature 
this past summer. I suggest that you contact him about the results of this project. 

In summary I view any one of these revisions as major research efforts 
considering'all aspects from collection, experimental design and set up, rehabilitation 
of otters, and data analysis. 

Only the initial phases of C. Part I would fit into the present budget 
estimates for FY 78. 

3. In the past few weeks, with the assistance of Dr. Lanney Cornell (Sea 
World) we placed pills in the vaginal vault of both otters. After the vagina is 
sutured shut it should be possible to keep the pill in place for 30 days, the 
battery life of the telemetry unit. What needs to be confirmed is that the vaginal 
temperature is similar to deep body temperature. For this test we are waiting 
to coordinate an experiment with Dr. Sam McGinnis (California State University at 
Hayward) who has smaller units that we feel are safer to place in the stomach. The 
smaller unit reduces the risk of an intestinal block. 

On 31 July Dr. Walter Garey took a new position. However, although he was 
especially valuable to the project his departure was anticipated and we expect to 
fill his position with an equally qualified person as soon as the employment procedures 
of the University will permit. 

Sincerely, 

;!: {:7,/~c~. 
G .L. Kooy6'n _ 
Assoc. Res. Physiologist, 
Scripps Institution of Oceanography 
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Title: Lethal and sublethal effects on selected Alaskan marine species 
after acute and long-term exposure to oil 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: $300.0k 

Period of Work: October 1 , 1977 to September 30, 1978. 

Institution and Department: 
Auke Bay Laboratory, Northwest and Alaska Fisheries Center, 
Physiology-Bioassay Section (in collaboration with the NOAA 
Analytical Laboratory in Seattle, Washington under the 
Direction of William D. Macleod). 

Required Signatures: 

Principal Investigators --
Na me----:;;z:;p......;ro"-"'--"~'::-'-7'---j)-· .:-a,_lc.fl-=( Date September 25 , 1 9 77 

Name.---¥-:IL.LJ!::.!+--L..:..-1-l.J~~::l.&...dw... Date September 25, 1977 

Name ______ '---..:::.-- Date September 25, 1977 

Address: NOAA, National Marine Fisheries Service 
Auke Bay Laboratory 
P.O. Box 155 
Auke Bay, Alaska 99821 

Te'l ephone Number: 789-7231 

Required Organization Approval 

Name a~~ Date ---.!-/_t+0....;./_Z.....L-A_7_-7 __ 
I 

Address: Northwest l=isheries Center 
~F/ ~·ion·Uake Eif~vd j:': " .......... 

'>NA 981L2 

Telephone Number: .tl'-'/::.-l..--1./:'tvv 

Organization Financial Officer 

Name W /A Date 
--------~~------- --------------------

Address: 

Telephone Number: 
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Technical Proposal 

I. Title and Task Statement Number 

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 

Total 
Geographic distribution 

$300k 
Not Applicable 

IV. Background: The studies to be described are basically continuations of 

our previous contract, but with new species, temperatures, longer exposures, 

or with more detail and refinement. Often we are conducting the 11 natural 11 

next steps such as 30 days exposures rather than 4 day exposures. We are 

getting further from the crude scans of toxicity and more involved in longer 

flow-through exposures, while looking for more information on which components 

of oil are toxic, and what are the mechanisms of toxicity. We will conduct 

fewer projects by number, but most will be at a higher level of intensity. 

V. Objectives: We have developed specific objectives around five major 

objectives or themes. 

A. Toxic components and synergism of toxic components: We will continue our 

efforts of investigating the contribution of toxic components with the objective 

of determining which compounds are primarily responsible for most of the observed 

toxicity. Studies evaluating, and probably eliminating phenol, naphthol, and 

heterocycles as major contributers to toxicity have been completed in FY 77, 

and the write-up will continue into FY 78. 

1. Compare the toxicity of WSF 1 s with synthetically produced WSF's. Ex

posures are flow-through, analyses by GC, and animals are pink salmon fry and 
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Eualus shrimp. These animals are relatiVely sensitive, small, have good 

laboratory survival, and represent a fish and crustacean. The rational 

for this experiment is: if the toxicity of the WSF and synthetic WSF with 

only about eight aromatic hydrocarbons are approximately equal, and if the 

GC measurements verify that the.compositions of the aromatic hydrocarbons 

are equivalent, then compounds that are not measured by our GC procedure can 

be eliminated as significant contributors to the toxicity of WSF's. Many 

. 'researchers believe aromatics to be most important, but conclusive. direct 

evidence is lacking. This project was delayed, but began in FY 77, and will 

require about 2 man years of effort in FY 78 to finish. 

2. Synergistic effects of toluene and naphthalene: Several current 

studies ·with fish and shrimp larvae strongly suggest that toluene and naphthalene 

have different mechanisms of toxicity, indicating that the toxicants probably 

have synergistic effects. If the toxicities are synergistic, this would help 

explain why simplistic experiments with single compounds have underestimated 

the toxicities of WSF. Specifically: 

a. Determine if toluene and naphthalene have synergistic toxicities 

to pink salmon fry and Eualus shrimp under flow-through conditions, (1 man year). 

b. Determine if toluene and naphthalene have synergistic effects on 

uptake and/or depuration in pink salmon fry and Eualus shrimp. (l/2 man year). 

If these experiments demonstrate that these two toxicants are synergistic, 

further experiments investigating synergism will be in order--with temperature, 

dispersants, other compounds, etc--in FY 79 and later. A representative fish 

and crustacean were chosen because it is conceivable that the two aromatics 

may have synergistic toxicitiesto one species but not both species. 

B. Larvae: We have conducted tests with crustacean larvae, before and during 

molting, including uptake-depuration tests. We will continue a significant 

effort examining the overall sensitivity of eggs and larvae. 
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1. Determine the sensitivity of eggs and larvae from several noncommercial 

_species {such as barnacles~ mussels, snails, sea urchins, etc). This project was 

cancelled in FY 77, when Civil Service delayed the hiring of Chris Broderson. 

(She is now on as permanent). Exposures will be static for these microscopic 

larvae, and will include WSF, toluene, and naphthalene. These animals are generally 

not important commercially, but as larvae, are important food organisms for the 

near-shore ecosystem and commercial species. We have tested crustacean larvae, as 

have others, but very little has been done with eggs and larvae from animals in 

other phYla. {1 man year). 

2. Determine what concentrations cause larvae to be unable to swim. A 

variety of·species will be tested with WSF, toluene, and naphthalene. Inability 

to swim will be interpreted as equivalent to dea.th in the natural environment. 

This experiment is necessary because we have found large discrepancies in concen

trations that cause 11 no motion death 11 in larvae of different species and life 

stages of crustaceans. Crustacean and noncrustacean larvae will be tested. 

(1 /2 man year) .• 

3. Determine the uptake and_ retention of hydrocarbons into new and old 

eggs carried, by Eualus shrimp. Exposures will be WSF and isotope, and analyses 

by GC and liquid scintillation. Shrimp apparently have less ability to. metabolize 

aromatic hydrocarbons, especially the embryonic forms. It is hypothesized that 

hydrocarbons absorbed into eggs may be retained for an unusually long time. 

{1/2 man year). 

C. Sensitivity increase of smelts in seawater. Through bioassays, we .have 

found that the sentivity of seawater adapted pink salmon, Do,lly Varden, and 

sockeye was greater than sensitivity in fresh water when-exposed to WSF, toluene, 

and naphthalene. First attempts at explaining this phenomenon through uptake 

and excretion experiments did not answer the question completely. Total effort-

1/2 man year. 
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1. Determine the uptake of isotopes into tissues of freshwater and 

seawater adapted salmonid smolts. Although whole body uptake was essentially 

the same, the uptake into different tissues may be different. Dr. Robert Thomas 

(Chico State University) will be co-investigator for this experiment. 

2. Determine the osmotic and ionic composition of blood in freshwater 

and seawater adapted smolts exposed to toluene and naphthalene. This should 

give data relevant to osmotic and ionic regulating interference by the toxicants. 

Dr. W. Stickle (LSU, Baton Rouge) will be co-investigator of this experiment, 

and has necessary analytical equipment; atomic absorption, flame photometer. 

D. Long-term exposures: Long-term exposures have recently been possible because 

of the refinements made with flow-through exposures. Most flow-through tests to 

date have been crude attempts, with little or no verification of stable concentra

tions during exposure. We will conduct long-term exposures and compare the 

results with species we have previously tested in short-term exposures. Total 

effort - 2 man years. 

1. Determine the effects of flow-through toluene and naphthalene exposures 

on growth and survival of pink salmon fry exposed at different temperatures. 

Tests will be 40 days long, with samples of fish taken at 10 day intervals for 

determination of effects on growth. This test will be replicated at three 

temperatures, to determine the effect of temperature on .long-term exposures, 

because earlier tests have shown a dramatic difference between toluene and 

naphthalene at different exposures. Pink fry were chosen because they are 

economically important and grow well in the lab. 

2. Determine the survival of one tolerant and one sensitive species to 

flow-through exposures of toluene, naphthalene, and WSF. Final selection of the 

species depends on current tests, but will probably be Eualus shrimp and 

Hemigrapsus crab. 

E. Test the effect of intermittent air exposures on the sensitivity of inter

tidal species to toluene, naphthalene, and WSF. Exposure to air during and 
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after exposure to toxicants may be an additipnal stress on intertidal animals, 

and cause decreased survival. Total effort- 1/2 man year. 

1. Determine the sensitivity of several intertidal species to toluene and 

several intertidal species to toluene and naphthalene exposures, with and without 

intermittent exposure to air. 

2. Determine the uptake, and especially the depuration pattern of intertidal 

animals exposed to labeled toluene and naphthelene, with and without exposure 

to air. 

F. Dispersant testing: Literature review, R&D on methods of analysis and exposure 

will be probed. This will be a tooling-up exercise in preparation for expanded 

testing in FY 79. We intend to conduct a literature survey and identify the 

dispersants of interests in the fall, ,and conduct some preliminary tests with 

dispersants on fish and shrimp in the summer of FY 78. (1/2 man year). Main 

objective of the preliminary test will be the development of satisfactory ex

posure-dosing set-up, and methods of analysis. 

G. Writing up of previous results. Some time will be spent finishing manuscripts 

from FY 77 research projects, primarily in the fall by the supervisors. (3/4 

man year). 

VI. General Strategy and Approach: 

We approach the general problems such as temperature effects from at least 

three different but related tacts. First, we examine the acute toxicity of 

selected aromatics and eventually WSF's (all flow-through exposures) at each 

experimental temperature. Second, we measure the uptake-depuration patterns 

at each experimental temperature. Third, we attempt some evaluation of sublethal 

physiological effects of the toxicant at each temperature. Most studies involve 

comparisons between two aromatic components (toluene, naphthalene) and two 

species (pink salmon, shrimp). If the experimental variable (such as temperature) 

does affect toxicity, we should observe the differences in the bioassay tests. 

The tests will confirm if the affect applies equally to both components and 
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both species. Supplementary data on uptake and sublethal physiological effects 

that should reinforce the observation and permit first attempts at understanding 

and interpretating the data. 

The uptake experiments with isotopes are relatively inexpensive for analyses 

compared to analyses by GC for animals exposed to WSF's. After many isotope 

exposure experiments, the experimental design, conditions, times, and animals 

can be selected for the more detailed GC analyses which are very costly. We use 

"Roubal's.extraction procedure for estimating quantities of isotope that have 

been transformed to a metabolite. 

VII. Sampling Methods: Not applicable to laboratory tests. 

VIII. Analytical Methods: 

1 • WSF: 

a. Gas chromatography--Cheatham et al. in preparation. 
Standard type GC ~thod, but our column has been 
run in the GC-MS system at Seattle for verification 
of output. 

b. Gas chromatography--mass spec. Macleod. 
(Seattle lab may run some samples if needed). 

c-. IR analyses by Gruenfeld 1973. (Toluene, naphthalene) 

2. Pure compounds: 

a. UV spectrophotometry. (Neff and Anderson 1975) 

3. Isotopes of pure compounds by liquid scintillation. 

4. Tissue analyses: 

a. Isotopes by liquid scintillation. 
Total metabolites determined by method of Roubal. 

b. · GC-MS for tissues exposed to WSF. 
(Seattle lab--Macleod) 

5. Metabolic rate measurements: 

a. Standard oxygen consumption rates--Gilson. 

b. co2 production from labeled glucose substrates. 

6. Blood ions in salinity experiment: 

a. Chloride by a chloride titrator, Na, K, Ca by flame photometry. 
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IX. Anticipated problems: 

Experimental and anlytical space has always been less than we desired but 

increases in FY 77 and some in FY 78 along with some reduction in people and 

funds will help alleviate this stress. The research schedule (mostly spring 

and summer studies). require intensive supervision of temporary employees to 

insure high quality in the experiments. To help alleviate our supervisory 

problems, our average grade level will be increased slightly, and we will have 

fewer nonexperienced technicians in FY 78. Furthermore, we will hire two Ph.D. 

supervisors to run cooperative studies on a limited basis during the summer 

research season of FY 78. These people will supervise two experiments for a 

short time, but. at a time of intensive research. These people have been chosen 

for their proven research abilities and specific expertises they have. 

Few of the experiments require substantial R&D. Therefore, most experiments 

should come to a productive conclusion. Our flow-through exposure systems for 

single components are highly evolved now, and the R&D for flow-through exposures 

with WSF's and synthetic WSF's are in progress now. (The early flow-through 

exposure set-ups that are currently published have been primitive and 1acked 

quality control and monitoring, and are in need of further e~olution.) Generally 

speaking, the biological measurements are pretty much straight forward and 

we have done them before. 

The biggest problem I foresee is the inability to hire qualified people 

on a timely basis, a problem we have no control over. Normally, we can make 

adjustments to unforeseen· problems by changing experimental designs or sub

stituting a new species. However, delays in hiring caused by Civil Service 

preclude any adjustment flexibility, and we seem powerless to stimulate action 

on our personnel requests. 

X. Deliverable products: In addition to required quarterly and annual reports, 

our data will. eventually end up in scientific journals as reviewed publications. 

287 



il 
,, 
I 

I 
I: 

!! 
I 

1.0 

We never start a research project unless we believe it will produce data for a 

scientific publication. Until this spring, our publications have been timely, 

and we will always reserve the fall quarter (Oct.-Dec.) for 11 catch up 11 through 

intensive manuscript preparation by all the intermediate and supervisory personnel. 

XI. Information required from other investigators: We don•t require any specific 

information from other investigators. We have and will continue to have coordina

tion meetings and information exchanges with the Seattle NMFS Lab (Malins, RU #73), 

Tiburon Lab (Whipple, RU #389), and with Anderson (gu #454). 

XII. Quality assurance plans: Our gas chromatograph column and ~/SF have been 

run in the GC-MS system at Seattle (Macleod). Any new procedure or column will 

be verified through the Seattle 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: None anticipated at this time. 

XV. Management plan: We currently plan our projects at three levels. At the 

General 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 given, as 

well as logistical problems with space, collection of animals, personnel, etc. 

These plans are reviewed by our senior staff (Karinen, Rice, Korn, Mecklenburg, 

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•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 
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by Lindsay); wet laboratory mix generation-cleanup (quality control by Korn); 

animal collection for all tests coordinated through Budke; and data management

~tatistics 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 scheduling of experiments. When a unit of work is 

completed, a report with methods and results is due within 2 weeks. Manuscript 

assignments are then made. 
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1st Q. 2nd Q. 3rd Q. 4th Q. 

A. Toxic Components, Synergism 

1. Compare WSF and synthetic construct test t~t 
· WSF to xi city apparatus shrimp lf:f'S·h 

2. Synergistic effects-

a. Bioassay construct test test test 
apparatus shrimp fish fish 

b. Uptake-depuration test test 
shrimp fish 

B. Larvae 

1. Larval sensitivity of several 
species test test 

2. Failure of larval swimming test 

3. Uptake and retention of new test new test old G.C. 
and old shrimp eggs eggs eggs analyses 

c. Sensitivity increase in smolts 
adapted to S. W. 

1. Tissue uptake test test 

2. Osmotic-ionic tests test test 

D. Long-term exposures-

1. Pink salmon fry growth construct test 
apparatus 

2. Survival of several species construct test test 2nd test 3rd 
apparatus shrimp species species 

E. Sensitivity of intertidal 
animal exposed to air 

1. Determine sensitivity construct test test 
apparatus 

2. Determine uptake-depuration test 

F. Dispersant R&D Lit. Review R&D 

G. Writing of review work Lit. Review 
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XVI. The need for acute toxicity tests are dwirdling, while the need rises for 

long-term exposure tests and intensive experiments. 

Individual experiments are designed to provide pieces of information which 

when combined, will help to; (1} determine the effects of oil spills or chronic 

pollution will have on the ecosystem by determining lethal and sublethal effects 

on individual organisms, and (2} identify sensitive parameters or species which 

will be useful in monitoring the ecological impact of oil in the environment. 

We propose to continue studying these basic objectives by pursuing the following 

three themes: 

. A. Larval studies: we would increase our emphasis on larval studies because 

larval forms have been shown to be the life stage most sensitive to oil. Deter

mining the relative sensitivities of larvae will help tti evaluate the impact of 

oil on various communities. 

The scan of acute toxicity of several noncommercial species will be completed 

in FY 78, along with more experiments involving uptake and the ability of larvae 

to rid themselves of hydrocarbons absorbed during egg and larval stages. Longer 

exposures requiring feeding, growth, and molting will be attempted with lower 

concentrations of pure compounds and WSF in FY 79. Exposures under different 

environmental conditions (salinity, temperature} will be attempted in FY 79-80. 

The effect of oil on energy consumption during exposure will be determined by 

effects on growth and/or oxygen uptake measurements. Crustacean larvae, herring, 

and pollack larvae will probably be the target species, since these species are 

economically important as a food source when adults, and are ecologically important 

as a food source for many species when they are larvae and juveniles. 

The Auke Bay Laboratory is in the process of reprogramming, and will shift 

toward a heavy emphasis on larval studies. We expect to conduct similar research, 

such as the determination of caloric needs and efficiency for growth, but during 

oil exposure. This will take advantage of new personnel with larval expertise, 
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and will be consistant with the goals of OCSEAP and the NMFS. 

Uptake and depuration will usually be coupled with most studies since these 

experiments will indicate the rates at which various components of petroleum are 

metabolized in various species or life stages, and how tissue burdens of hydro

carbons relate to toxic and sublethal concentrations in the water. This informa

tion will be useful in evaluating the impact of oil in the environment when 

laboratory results and those from hydrocarbon baseline monitoring studies are 

compared. 

B. Component and synergistic effects: the complex composition of oil suggests 

that many compounds probably contribute to toxicity, are likely to be synergistic 

and additive in nature, and research studying this general problem is likely to 

continue through FY 80. 

Information on the relative toxicity of oil components and synergistic effects 

of components will be useful in determining the toxicities of different crude oils, 

by examining their chemical composition. This information will obviate the 

necessity of doing additional bioassays each time a new oil field goes into pro

duction. 

The components most responsible for acute toxicity' will be determined in FY 78, 

along with the first tests examining synergistic toxicity between components. 

Synergistic tests with a variety of components, and at different temperatures are 

likely to continue in to FY 79. We have found that the toxicity of some compounds 

(toluene) is affected greatly at different temperatures, while other compounds 

(naphthalene) are not. Tests at different temperatures, testing the synergistic 

effect of two compounds will be conducted in FY 79, after synergistic testing 

procedures are finalized in FY 78. Bioassays at various temperatures and salinities 

are necessary to determine the impact of spills at various times of the year 

and at different latitudes. Temperature has a profound effect on the toxicity of 

different oil components. Temperatures in Alaska waters vary by as much as 12° 

to l5°C between summer and winter conditions, therefore, these experiments have 

direct application. 
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Dispersant tests are also in the future, with tooling-up and R&D testing 

starting in FY 78. Dispersants probably change the WSF profile, and the components 

most responsible for toxicity may be different (assuming the new dispersants are 

relatively nontoxic). Dispersant tests identifying the class of compounds most 

responsible for toxicity and experiments examining synergistic effects will be in 

FY 79-80. Uptake-retention tests will be coupled with these tests. 

C. Long-term exposures: the effect of long-term exposures on survival, growth, 

and reproductive capability will be explored in the future. 

Bioassays comparing sensitive and apparently not so sensitive species in 

static and flow-through systems will help us further evaluate the impact of spills 

and chronic addition of oil to the 'marine environment. Enough static tests have 

been completed, and flow-through exposures of short and long-term are now needed. 

In some spills, exposures may be brief with concentrations rapidly declining while 

in chronic pollution, exposures will be of long duration. Animals of various 

phyla respond differently to oil, some being able to isolate themselves from high 

oil concentrations for short periods very effectively. These same animals when 

exposed to long-term chronic pollution appear to be much more sensitive than 

previously indicated by static bioassays. 

The tests in FY 78 will be with feeding pink salmon fry, and other species 

will be tested in FY 79. These experiments will compare the prospects of vertebrate 

fish and invertebrates exposed to a chronic oil spill situati.on. A small crustacean 

species that molts frequently will probably be the target invertebrate. Juvenile 

herring, and pollack will be tested in FY 79-80. Measurements will include 

survival, growth, the efficiency of converting food calories into body mass. 

Acquisition of new pieces of major equipment or instruments will be minimal. 

Upgrading our gas chromatograph {capillary columns, automatic injectors?) may be 

necessary. Acquisition of fiberglass tanks, waste treatment facilities, etc, 

will be necessary, but nothing of dramatic significance. 
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Our data output will remain the same. Annual and quarterly reports along 

with scientifically reviewed publications. Major milestones will be the identifi

cation and quantitation of the most significant toxic components of oil, and their 

mode of action on a variety of species when they are subjected to short and long

term exposures. 

XVII. 1. Uptated 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 repository in conformity with OCSEAP 

voucher specimen pol icy. Vouchering will include 1 ife history stages (e.g., 

larvae, juveniles, adults) when they are used, and sexes where these are morpho

logically 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 for 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 

3 month data collection period, unless a written waiver has been received from 

the Projec~ 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 
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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. 

9. Three (3) copies of all publication or presentation manuscripts pertain

ing to technical or scientific material developed under OCSEAP funds will be sub

mitted 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 appropriate Project Office. 

10. All publications and presentations of material developed under OCSEAP · 

funds will acknowledge BLM/OCSEAP sponsorship. The following acknowleqgement 

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. 11 
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Other research 

a. We will propose a small study on oil effects to fresh water life forms 

for continued funding to the Fish and Wildlife Service for less than $lOOk for 

FY 78. Many studies are similar in nature, but are restricted to fresh water forms. 

About $15k of this funding will be used for sample collection in HC baseline study 

for Prince William Sound, which is being supervised by John Karinen and Dr. William 

Macleod. 

b. Regular funding through NMFS provides salaries for 4-6 permanent personnel 

involved in OCSEAP funded research and also provides a small amount ($10k-$15k) of 

operating funds for physiology and fish larval rearing studies. This research 

compliments our OCSEAP funded study. 

Statement of Intent. 

Stan Rice will actively lead, coordinate and supervise the research studies in 

the contract. John Karinen will coordinate and' administer the project, provide 

final quality control of research products, and supervise specific studies. 

Sid Kern will supervise specific portions of the project. 

List of personnel assigned to project: brief resumes of key personnel. The 

staff collectively has over 30 years of experience with oil studies. 

A. List of all personnel assigned to project 

,Personnel 

Karinen 
Rice 
Kern 
Lindsay 
Arasmith 
Andrews 
Griffiths 
McKane 
Thomas 
Moles 
Misch 
Broderson 
Bates 
Budke 
Bonnett 
Lauren 
Stickle 

Oil Research 
Experience in yrs. 

6 
6 
6 
0.5 
2 
1 

1 
3 
5 
3 
3 
1 

3 
0.5 

'1 

Function 

Co-principal investigator-supervies project. 
II II II II 

II II II II 

Chemical analyses of WSF's by UV and IR, 
spectrophotometry and gas chromatography, 
preparation of synthetic WSF's, and tests. 
Chern lab processing of isotope samples. 

II II II II II II 

Metabolic rate studies with fish. 
Larvae and adult uptake studies. Flow-through tests. 

II II II II II II II II 

Larvae toxicity tests. 
Flow-through toxicity tests. 
Animal collection, diver. 
Histological support of studies. 

II II II II 

Osmotic and ionic regulation physiologist. 
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I. TillE: 

TECHNICAL PROPOSAL 

Sublethal Effects Of Petroleum Hydrocal~bons and Tl'ace ~1etals, 

Including Biotransformations, as Reflected by' t~orphological, 

Chemical, Physiolog·ical, Pathological, and Behavim'al Indices 

RESEARCH UNIT: 73 

CONTRACT NUMBER: R7120819 

PROPOSED DATES OF CONTRACT: October 1, 1977 to Septe~ber 30, 1978 

II. PRINCIPAL INVESTIGATORS: Donald c. Mal ins, PhD, DSc 

Edward H. Gruger, Jr.' PhD 

Harold 0. Hodgins, PhD 

Neva L. KQ.rt'ick, tljS 

Douglas D. l~eber, MS 

III. COST OF PROPOSAL: 

Total: $400,000 

Distribution of effort by lease area: Totally non-lease 

. specific area laboratory v10rk 

IV. B.£\CKGROUND 

Behavior 

Many commercially important fish species, particularly pleuronectids, 

spend most of their life cycle in close association \·rith bottom sediments. 

Recent studies conclu~ted at the NWAFC, Seattle, show that chronic exposure 

of English sole to sediment contaminated with Prudhoe Bay crude oil (PBCO) 

results in \'Jeight loss and histological changes. In addition, starry 

demonstrate marked uptake of petroleum hydrocarbons from the environment. 
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Neaningful application of the above laboratory findings is. partly dependent 

on v1hether flatfish can detect, and, H they have the opportunity, avci d oil 

contaminated areas. 

The proposed studies are directed toward evaluation of avoidance of 

hydrocarbon contaminated sediment by commercially important flatfish species. 

In addition, experiments are projected to determine what behavioral modifi-. 

cations ·(e.g., increased exposure to predation, reduction in feeding activity) 

may be manifested by exposure to contaminated sediment at concentrations 

acceptable to flatfish. 

At pre·sent, it appears that beha.vioral reactions precipitated by 

recognition of chemical cues are among the most sensitive to disruption by 

petroleum hydrocarbons. Such di srupt·ions have been noted among marine 
. . . 

organisms as diverse as bacterifr; algae, and lower metazoans (Johnson 1977). 

For instance in invertebrates, hydrocarbon (chiefly aromatic) concentrations 

on the order of l ppb in seawater, inhibit ch~moreceptive behaviors of a 

brachyuran and gastropod (Takahashi and Kittredge 1973; Jacobson and Boy1an 

1973). Preliminary studies conducted at the N\.fAFC, Seattle, show that the 

saltNater~soluble.fraction (SHSF) of crude oil inhibits·a chemotacti"c 

response related to reproduction of a nud·ibranch, Onchidoris bilaniellata, at 

concentrations less than 15 ppb {OCSEAP Quarterly Report RU 73/74, June 

.1977). These biologicai disruptions \vere ail·produced by p·etroleum exposures 

of 24 hr or less. 

For FY 78, proposed studies on chemoreception of invertebrates will 

focus on inhibition of reproductive chemotaxis of this nudibranch in relation 

to petroleum hydrocarbon exposures. ·,In addition, similar experiments fm· 

evaluation of chemical dispersant effects will be initiated. 
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Petroleum hydrocarbons cause another disruption of nudibranch repro

ductive processes. Egg laying behavior and embryonic development are 

severely disrupted by SHSF exposuJ~es. at the same concentrations as those 

causing chemoreceptive perturbations. It is proposed that experiments 

concerning nudibraiich embryonic development following S\•JSF exposure be 

conducted along with those on chemotactic responses. Attempts will also be 

made to characterize petroleum constituents responsible for the different 

biological effects. 
' ' 

For highly mobile fish species the avoidance of polluted areas may in 

many instances significantly reduce the impact of a pollutant. Conversely, 

for species such as Pacific salmon, avoidance of certain areas (i.e., 

migratory routes and home spa\mi ng streams) because of poll uti on caul d 

·result in greatly ~educed reproductive success. 

A preliminary field study to evaluate the effect of \'later-soluble, 

aromatic hydrocarbons on homing capabilities and home stream. avoidance of 

adult salmon was conducted in the fall of 1976 (FY 77). A repeat of this 

study-is projectedfor 1977 (FY 78) \'lhich will include: refinements in 

experimental design; comparison of mi gr9-tory patterns of oi 1-exposed and. 

control salmon using sonic tracking techniques; and detailed laboratory 

studies on avoidance reactions. Laboratory assays on avoidanceof chemical 

dtspersants by salmon \'lill be initiated to determine if field studies are 

warranted in FY 79. 

Chemistry 

A si gni fi cant amount of information v1as generated from this program and 

else\•Jhere (Varanasi and Nalins 1977) on the accumulation of hydrocarbons in 

marine fish and invertebrates exposed to petroleum. Yet little data is 
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available on the bioconversion of aromatic hydrocarbons in exposed marine 

or~ganisms, on their tendency to a~cumulate aromatic metabolites, or on the 

transfer of aromatic hydrocarbons and metabolites through the food v;eb. 

t·loreover, vir:-tually no information is available on the tendency of marine 

organisms to accumulate. metabolize, and excrete high molecular weight 

aromatic hydrocarbons or products of oxidati~e weathering. These aspects 

constitute a major deff1ciency in.our understanding of the effects of 

petroleum pollution on arctic and subarctic marine life. In addition, 

renewed emphasis placed on the use of new chemical dispersants (Bocard et al. 

1977) raises questions about their toxicity and influence on the accumulation 

and metabolism of hydrocarbon and metal components of petroleum. Another 

area of concern is the influence of toxic metals on the biological fate of 

petroleum, notably the high molecular weight aromatic-hydrocarbon fractions 

and products of oxidative weatheri~g. 

In the present proposal, research activities directed toward the 

solution of these problems are-outlined for FY 78 and areas of recommended 

research ara suggested for FY 79 and FY 80. The overall ~ffort should 

provide answers to a number of important questions related to arctic and 

subarctic oil ~rilling and transport operations. 

A survey of the literature (Varanasi and Malins 1977) shm.;s that the 

skin of fish, a primary site of contact vtith environmental contaminants, has 

been largely overlooked in studies concerning the fate and effect of petro

leum in marine environments. Considering that certain species of fish, such 
) 

as flatfish, frequently develop epidermal tumors \·thereas others (e.g., 

salmonids) l~arely do (Hodgins etal. 1977), studies to investigate inter

actions of petroleum hydrocarbons with skin ofdifferent species of fish is 

of considerable importance. Preliminary studies (Varanasi 1977) from our 

305 



1 aboratories demonstrated that skin of both sal t\ltater adapted coho salrrion, 

Oncod1ynchus kisutch,and fresh\·tater rainbow trout,Sal gairdneri,accumulated 

significant concentrations of naphthalene and methylnaphthalene and their 

met abo 1 ites when the fish \'/ere force-fed parent hydrocarbons. Results on 

rates of uptake and discharge of the hydrocarbons and their metabolites in 

skin and liver revealed that the skin of salmonids is actively involved in 

hydl~ocarbon metabolism. Recently, Roubal et al. (1977) reported that, 

compared to coho salmon, starry flounder accumulated a11 order of magn·itude 

higher concentrations of several water-soluble hydrocarbons in muscles and 

liver when the fish were exposed to SWSF of petroleum. A possibility exists 

that the skin of starry flounder, which has a high incidence of neoplasia in 

fish from certain areas, may also accumulate substantial amounts of hydro

carbons and may be actively involved in hydrocarbon metabolism. Futu;~e 

studies, planned to investigate uptake and discharge of several hydrocarbons 

and their metabolites in skin of different marine fish, should provide 

information on the degree of accumulation and retention of hydrocarbons and 

their electrophilic metabolites. 

Pathology 

In laboratory experiments conducted during the current OCSEAP contract 

period~ English sole exposed to crude-oil-contaminated sediments for over 

ll mo had a higher frequency of liver abnormalities and \·teight loss than did 

control fish on uncontaminated sediment (See OCSEAP Quarterly Repo;~t RU 73/74, 

June, 1977). After 4 mo, 19% of the oil-exposed group and none of the 

control group either died or were moribund, and in e·ach case the affected 

fish was extremely emaciated. There was no detected microbial disease. 

The most characteristic feature of livers in oil-exposed fish which 

were markedly abnormal was extensive hepatocellular ltpid vacuolization. 
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Mild to moderate vacuolization was observed in livers from both grottps, but 

only the oil-exposed group had the severe torm, representing 21% of the fish 

sacrificed and examined histologically. Liver abnormalities in fish after 

hydrocarbon exposure have also been reported in rainbow trout {See OCSEAP 

Annual Report, RU 73/74, 1977) and in Fundulus heteroclitu~ (Saba et al. 

197 5). 

Certain hydrocarbons and trace metals which may be present in petroleum 

have been reported to inhibit disease resistance mechanisms in a variety of 

species, including fish (Robohm and Nitkbwski 1974; Kripke and Weiss 1970; 

Stjerns\·Jard 1974). Prel iminar.y research performed by us has demonstt·ated no 

significant differences between the sur~ival rate of oil-exposed and non

exposed t·ainbow trout and coho salmon \1/hen they were challenged in laboratory 

experiments_ with Vibrio angu"illarurn (OCSEAP Annual Report, RU 73/74, 

1977). Hov1ever, it has been observed that starry flounder and English so·le 

accumulated substantially higher concentrations of aromatic hydrocarbons 

than did coho salmon after exposure to PBCO (OCSEAP Annual Report, RU 73/74, 

1977). ·This suggests that petroleum may affect disease r~sistance of flatfish 

more than it affects salmonid disease resistance. 

In Alaskan waters, the main pathological conditions found in matine 

fish by members. of our research group \•Jere epi derma 1 papi 11 omas of rock so 1 e 

(Lepidopsetta bilineata) and flathead sole (Hippoglossoi~des elassodon); 

pseudobranchi a 1 tumors of cod (Gadus macrocepha 1 us) and po 11 ock ( Theragra 

c~alcogramrna); lymphocystis of yellmoJfin sole (Limanda ~spera); skin lesions 

in cod; and .larval trematode infestations charatterized by black spots in 

the skin of Pacific herring (Clupea hat:_en~_ pallasi), toothed smelt 

(Osmet·u~ n-:ordax dentex), and saffron cod (Eleginas _gracilis). Three of 

these conditions appeated to be caused by microbial pathogens: lymphocystis 
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of yellowfin sole (viral}, cod skin ulcers (bacterial}, and cod rins-shaped 

skin lesions (viral). Bacterial and viral isolates from the above mentioned 
-diseases are available in our laboratory. In addition, \·Je have on hand 

approximately 100 other bacterial isolates from various species of f·ish with 

abnormalities from Alaskan waters (OCSEAP Annual Report, RU 332, 1977). 

In the research we are presently proposing, studies will be continued 

to characterize the long-term pathological effects of oil exposure on marine 

fish, including possible effects on disease resistance mechanisms. 

Morphology 

During FY 76 and 77. coho salmon, chinook salmon (~ tshawytac~_9_), 

starry flounder and English sole \-Jere sampled for electron microscopy after 

they had been subjected to various exposure regimens with petroleum components. 

Structura 1 changes \•Jere observed in skin, gi 11 s, 1 i ver ~ eye 1 ens (Hawkes 

1977), intestine and kidney (Hawkes, unpublished data) of oil-exposed fish 

in comparison to nonexposed control fish. Excess mucous secretion occurred 

in the skin and gills and areas of epithelial sloughing were seen in the 

gills. Glycogen and lipid were depleted in the liver, the endoplasmic 

reticulum had proliferated and the frequency of myelin figures increased. 

Fibrosis was also noted around the sinusoids and other vascular structures 

of the liver. 

Sloughing of the mucosa of the intestine was observed in some petroleum

exposed chinook salmon. In rainbow trout the lens volume doubled after the 

fish had ingested 1,000 ppm petroleum to food for 8 mo. Hydration appeared 

to be the primary factor contributing to size increase. Recently, blind 

coho salmon in net pens in Puget Sound which had been accidentally and 

intermittently exposed to diesel fuel oil for 3 mo were found to have 

hydrated a,nd cloudy lenses. The correlation of the laborato}~y studies and 
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field observations of damaged lenses after petroleum exposure illustrates 

the two directions this project will address: the identificatibn of 

petroleum-induced cellular changes which may be deleterious and the use of 

such biological indicators in field situations. The proposed research 

includes additional studies which are both an 6utgrowth of our previous work 

and a development of new areas: specifically to identify surface structural 

ch~nges in petroleum-exposed fish and la~vae. 

V. OBJECTIVES 

The proposed multidisciplinary research involves a complementary inter

meshing of activities of .several phases of work: chemistry, biochemistry, 

biology, physiology, pathology, and ultrastructural analyses or morphology. 

The intermeshing of activities will yield a cohesive approach to the task 

objectives. That is, the results will provide information and data to 

evaluate the biological i1i1pact of oil developments in lease areas."' The 

objectives embrace generally four areas of activity, plus continuation of 

some activities of the past year. Those four areas are (a) identification 

of the intermediary metabolites of petroleum constituents and determination 

of their retention in marine organisms with their possible transport jn food 

chains; (b) determination of disease resistance of oil-exposed animals 

inoculated with potential pathogens isolated from diseased individuals 

collected in Alaskan waters; (c) determination of contam·inant concentrations, 

localization, turnover rates, and alterations of cellular structure in key 

organs of selected species from selected exposure condi·ti6ns; and (d) 

determination of the effects of chemical dispersants on marine animals. 

In accordance with the four general objectives and continu~ng activities, 

the specific objectives of this proposal are as follows: 
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1. To determine the accumulation and retention of hydrocarbons and 

metabo"Ii c products in organisms exposed to petroleum hydrocarbons and heavy 

metals, in_cluding possible synergistic influence. 

2. To determine the effects of petroleum constituents, including 

heavy metals, on the integrity and functions of skin, mucus, and egg 

membranes. 

3. To determine if petroleum hydrocarbons present in the sediment (a) 

cause flatfish to avoid a contaminated area, and (b) interfere with normal 

feeding and activity patterns of flatfish. 

4. To evaluate the effect of petroleum hydrocarbons and chemical 

dispersants on the reproductive processes (i.e., chemotaxis and embryo

logical development) of a dorid nudibranch. 

5. To determine whether (a) petroleum hydrocarbons present in \vater 

\·till modify the behavior of homing adult Pacific salmon by causing avoidance 

of their home stream and disrupting .their homing capab·ility, and \vhether (b) 

juvenile salmon can detect and avoid chemical dispersants/oil emulsions. 

6. (a) to determine the pathological changes resulting from the 

exposure of various developmental stages of certain demersal marin~ fish to 

sediments ~ontaminated with crude oil or petroleum products, and (b) to 

characterize effects on disease-resistance mechanisms of exposing marine 

fish to petroleum. 

7. (a) To develop and refine ultrastructural criteria for assessing 

cellular damage to marine organisms at various stages of their life cycle 

after laborator,y exposure to petroleum, and (b) to utilize moi·phologic;al 

parameters 1n evaluating degree of damage to field-exposed aquatic organisms, 

especially marine Alaskan fish and invertebrates. 
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The specific objectives will provide information on the relative 

sensitivity of certain Alaskan marine fishes to the detrimental effects of 

oil contamination, with the eventual goal of approximating threshold levels 

of petroleum necessary to cause pathological changes. If such effects are 

found after petroleum exposures under conditions that realistically n1ay be 

anticipated to occur environmentally, the information \'Jill. be an important 

part of evaluating impacts of petroleum-related activities. 

VI. GENERAL STRATEGY AND APPROACH 

A multidisciplinary research program is proppsed to provide infot'mation 

relating to the impact of petroleum hydrocarbons, trace metals, and chemical 

dispersants on arctic/subarctic marine organisms and ecosystems .. The 

research activities ltlill employ elements of cell biology, physiology, 

immunology, pathology; chemistry, behavior, and microbiology. The research 

is not site specific; general strategies and approaches of the program are 

given according to the principal disciplinary science involved, as folloNs: 

Behavior 

Flatfish Avoidance 

Assessment of the effect of petroleum hydrocarbons and chemical dis

persants on flatfish behavior will be conducted under laboratory conditions. 

The species of flatfish Hhich will be considered for these studies are 

English, rock, a~d flathead sole, and stal~ry flounder, all of which are of 

commercial importance. Experiments will be conducted in aquaria designed to 

provide the fish with a choice between contaminated and uncontaminated 

sediments. Various concentrations of PBCO will be incorporated into the 

sediment, which will encompass concentrations known to occur following oil 

spills. Results of these experiments should provide data concerning species 
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differences in detection and avoidance of contaminated sediments, and the 

threshold concentrations which elicit avoidance behavior. 

Concurrent studies will be conducted to assess behavior of flatfish 

forced to reside in contaminated sediment. Diurnal activity patterns~ 

feeding behavior, and burying activity \·Jill be compared to behavior of 

control fish. 

Invertebrate Chemoreception 

Studies on evaluation of the effect of petroleum hydrocarbons and 

chemical dispersants on certain reproductive processes of an intertidal 

nudibranch will be conducted in the laboratory. The experimental design 

takes advantage of the animals chemotactic response which enhances the 

formation of mating aggregations. This conspecific aggregation is presumably 

mediated by one or more sex pheromones, a·nd js apparently disrupted by ppb 

concentrations of petroleum hydrocarbons. 

The dorid nudibranchs will be exposed to various concentrations of 

petroleum hydrocarbons and dispersants and then tested for chemotactic 

response to other reproductive individuals. Aliquots of eggs laid during 

the exposure period will be sampled regularly during the tv/o-week develop

mental period and compared with control eggs for spatial and temporal 

developmental differences. 

Salmon Homi 

Studies designed to evaluate the effect of petroleum hydrocarbons and 

chemical dispersants on salmon homing capabilities have both laboratory and 

field components. 

In the laboratory, threshold concentrations of petroleum and chemical 

dispersants causing avoidance by juvenile salmon \·/ill be determined. The 

avoidance thresholds will be correlated with levels of detection expressed 
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in electl'ophysiological responses of th:: olfactory system. Information 

gained from the laboratory experiments will then provide a basis fo1~ decisions 

on levels of petroleum hydrocarbons and dispersants to be used in salnron 

homing field studies. 

The field studies proposed for FY 78 consist of two experiments. In 

one, an evaluation \'Jill be made of the concentrations of petroleum hydro

car'bons introduced into the water which ~·ti11 deter spm·ming salmon from 

entering the homestream. The other is designed to determine if 16-24 hr 

.exposures to petroleum concentrations below avoidance level thresholds cause 

disruption of homing capabilities. These capabilities will be evaluated on 

the basis of timing of return to the homestream, or disorientation and 

straying to other spawning sites. 

Chemistry 

Bi ot-c~nsformati on~._Petrol eum Hydroc_arbons. 

Studies will be continued on the determination of metabolites in flat-

fish because of evidence showing that these fish accumulate substantial 

amounts of aromatic hydrocarbons from the water column. The studies will 

involve animals challenged through the diet with isotopically labeled poly

nuclear aromatic hydrocarbons, notably methyl-substituted naphtl1alenes. In 

addition, we will determine the extent to which metabolites are transferred 

through a food vteb: that is, worms or other dietary organisms, \·rill be 
. ' 

administered both radioactive hydrocarbons and metabolites, and then \·rill be 

fed to starry flounder. The extent of accumulation of both types of aromat·i c 

structures will then be elucidated in key tissues (e.g., liver and muscle) 

of the flatfish and in the whole body tissues of the dietary organisms. 
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Effects of Contaminants on Plankton ----- ------~----'" ---~-------

Selected mat·ine planktonic organisms includ·ing l:1rvae of .commer··:.:ially 

important species (shrimp, crab, 4 fish species) as well as the lar\~e and 

adults of holoplanktonic organisms (copepods, euphausiidS) will be exposed 

to petroleum hydrocarbons, petroleum hydrocarbons and dispersants, and 

radioactively-label~d hydrocarbons and the uptake, metabolic conversion and 

elimination of these compounds will be measured. 'Metabolites will be 

characterized where possible'and the transfer of metabolites and parent 

hydrocarbons will be follm·1ed through several levels of a planktonic food 

web (i.e., algae, copepod, shrimp larvae, larval fish). 

Petroleum Hydrocarbon Metabolism in Relation to Skin and Mucus 

Studies will be designed to determine the role of skin and mucus in the 

assimilation, metabolism, and excretion of various petroleum hydrocarbons 

(e.g., naphthalene, methylnaphthalenes) in fish exposed to these compounds 

in flowing water or diet. Several species of fish will be considered with 

special emphasis on coho salmon and starry flounder. f'loreover, to under 

stand clearly the interactions of the metabolic products of hydrocarbons 

wit~ subcellular components_of skin, measurements on existing and induced 

aryl hydrocarbon hydroxylases (AHH) together v1ith character-ization u.nd 

quantitation of the metabolites will be catTied out. Preliminary studies of 

this type al"e in progress in our 1 aboratol"Y. 

Interactions in v.ivo of Petl~SJ_l eum Hydroca r~-C?~nd Trace f·1eta 1 s 

Present research includes the possible effects of lead and cadmium in 

vivo on petroleum aromatic hydrocarbon metabolism .. If the present \'Jork 

shows that the relative distribution of aromatic hydrocarbon mctabolit~s has 

changed due to the presenc~ of metals, research would then focus on how 

metals ·influence the affected aromatic hydrocarbon metabolic pathi·Jays. 
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At pr2sent, there is little information on possible effects between 

petroleum hydrocarbons and heavy metals that may affect the development of 

fish eggs. Lead and cadm·ium are known to be toxic to eggs of marine: species. 

Cadmium binds to the chorion of eggs and this may induce alterations in 

toxic effects of petroleum hydrocarbons on fish eggs. Petroleum hydro

carbons have been shown to alter membranes (Roubal and Collier 1975). Such 

changes could affect the transport of lead and cadmium across the chorion 
\ 

and have subsequent effects on egg viability. The propoied work would 

determine possible interactive effects of petroleum hydrocarbons and heavy 

metals (lead and cadmium) on the development of marine fish eggs, specifi

cally of starry flounder. In addition, preliminary studies would be initiated 

to determine whether heavy metals alter the activity of the hatching enzymes, 

namely chorionases. Further, ultrastructural anal~ses will be performed on 

eggs to delineate possible morphological alterations in membranes~associated 

with the proposed petrolewn hydrocarbon metal exposures. 

Patho.Iogy 

Oil Contaminated Sediments 

During the current contract period, the facilities and equipment needed 

for exposing various flatfish species to bottom·sediment from Alaskan 

beaches experime~tally contaminated with crude oil will be improved. The 

uptake of petroleum hydrocarbons by several species of flatfish found in 

Alaskan waters, such as starry flounder, rock and flathead sole, will be 

measun~d. 

During the proposed contract period, representative species and life 

stages of flatfish will be placed in aquaria containing Alaskan beach 

sediment contaminated with crude oil or in aquaria containing uncontaminated 

sediment (See OCSEAP Annual Report, RU 73/74, 1977, for design of aquarium 
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system). Periodic~lly, during the 3 to 6 mo length of each experiment, all 

the fish will be weighed and measured; also, a subsample of individuals will 

be sacrificed. From these latter animals, blood will be collected for 

stand~rd hematological tests, and tissue samples will be excised for histo

pathological examination (both light and electron microscopy) and for 

analyses for petroleum hydrocarbons. Test fish will be examined systematically 

for behavioral differences and for obvious health problems. 

Disease Resistance 

The effects of petroleum hydrocarbons on disease resistance mechanisms 

will be examined by _in vivo and in vitro techn·iques. 1ll_ vivQ_ experirr:ents 

will involve challenging oil-treated and control (untreated) marine fish 

with bacterial and viral pathogens isolated from diseased Alaskan fish by 

membet·s of OCSEAP RU #332 during base 1 i ne fish eli sease studies in the Bering 

Sea and Gulf of Alaska. Outing a preliminary phase of the ir_!. vivo tests 

consisting of 2 to 3 mo, the above mentioned microbial pathogens will be 

screened for pathogenicity to flatfish and other selected marine f-ish 

species. The pathogenic microorganisms will be used in challenge experi

ments in \·Jhich the suscept-ibility of groups of petroleum hydrocar'bon-exposed 

fish, challenged with serial tenfold dilutions of a pathogen, calculated as 

the LD50 , \·Jill be compared to the susceptibility of control ·fish to the same 

microorganisms. Challenged fish will also be monitored for gross patho

logical, histopathological, and hematological changes. 

~ vitro tests \<Jill compare the humora 1 and ce 11-medi a ted immune 

responses of oil-exposed and control fish. Hurnm·al .immunity, \:lhich functions 

in cornba ti ng bacterial . infections, vri 11 be measured by a va r'i ety of procedu n?s, 

including bactedal agglutinat·ion titrations for fish immunized \·iith bacterial 

vaccines, and the Jerne Plaque technique for fish i~nunized as above or with 
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lipopolysaccharide antigens. Cellular immunity "is active duri_ng viTal 

infections and is being actively investigated in mammals for its ro·le in 

tumor· immunity. Tests of effects of petroleum Qn ce-"llular immunity in f-ish 

\•i{ll be pt.~rformed in close cooperation \'Ji tb a recognized authot"i ty on 

cellular immune responses (Dr. Jacques N. Chiller). 

J.Jorphology 

Lens Abnormalities 

Based on both laboratory and f"ield observations that petroleur11 hydi·o

carbons appear to induce lens changes which range from volume increases 

to cataracts and blindness, further studies are proposed to define the scope 

of this problem and to examine some of the mechanisms involved in lens 

damage. 

Ul trastructura 1 Chana~~ after OJl ed-Sedi~1e~Expo~~_re~ 

~1any samples have been taken during exposures of flatfish to.,pet1·oleum 

in sediments (See Pathology section). These experiments have already 

demonstrated histological changes in the liver. We propose to examine the 

plastic embedded tissues from affected f"ish far ultrastructural changes. 

01~. Bruce B. NcCain is processing tissues from sediment-exposed fish fm~ 

conventional (light microscope) histology. Samples from the same fish have 

been embedded in plastic for ultrastructural examination when the histo

logical data indicate such analysis are appropriate. 

U"!_tl~a~ruc_tural Changes in Eg_U3i~..!::E_y:val Fj __ ~ 

Both laboratory and field studies are planned to initiate ultrastructural 

i11vestigations of unfertilized and fertilized eggs and larvae of species 

\·lh·ich are likely to be exposed to petroleum in saltwater. TIYis phuse of 

work includes collaborations with John Karinen and Dr. Stan Rice, Auke Bay 

Laboratory, NI4AFC, Alaska. 
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Labol~atol~y studies (in collabot~ation vlith DL i·Jill·iam Reichert) on 

controlled exposure of fish eggs to petrolewn are planned for the spring of 

1978 as eggs become available. Scanning electron microscopic examinations 

of fertilized pollock (~ chalc~qrflmma) and flatfish (~ vettilus) eggs, some 

of which have been exposed to oil-contaminated bilge water is presently 

underway. These eggs were collected in the Bering Sea·in May 1977. 

As material becomes available, v:e propose to continue acquiring a 

reference collection of Alaskan adult fish tissue~, larval fish, and pelagic 

eggs for morphological studies. 

VII. SAMPLING METHODS 

i · Behavior 

I , Flatfish Avoidance 

Experiments on flatfish avoidance of contaminated areas make use of 

normal behavioral activity, i.e., burying or partially covering th.~mselves 

with sediment during-daylight hours, arid lying on top of the sediment or 

swimming in the water column at night. 

The experimental tanks are designed so each quadrant of the bottom is 

sepu.1·ated from the others and vJill contain either control or contaminated 

sedi~ent. The ~ater column extends above the quadrant partitions for fish 

movement from one area to another. Flatfish will be introduced into the 

experimental tanks and allowed to distribute overnight. Each morning the 

number in oil-contaminated and non-contaminated quadrants will _be determined. 

L1 concunent expe1·iments on flatfish confined to contaminated sedi-

rnents, measurements of activity \'Jill employ mechanical or elect1·ical moni

-toring of movernent in relat·ion to a diurnal cycle. Response to food, sound~ 

and variations in light intensity vJill also be evaluated. 
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Dorid nudibranchs will be exposed to selected chemical dispersants, 

aromatic hydrocarbons, and di~persant-hydrocarbon combinations. Immediately 

follm·ling exposure their ability to recognize and move toward an aggregate 

'of unexposed reproductive conspecifics \·Jill be assaye9 in u testing apparatus 

·(for specifics refer t~ OCSEAP Quarterly Report RU 73/74> June 1977). 

Egg masses laid during the hydrocarbon-dispersant exposure period will 

continue to be exposed at the same concentration for the 15-day period 

normally required for development and hatching. During the development 

period egg aliquots will be taken daily and examined for developmental 

anomalies. 

It is projected that threshold concentrations of hydrocarbon-dispersants 

causing chemotactic and developmental disruptioh over a 24 to 72 hr exposure 

period will be evaluated first. As studies progress duration of exposure 

will be extended and correlated with possible changes in threshold concen

tration. 

Sa 1 man Homing_ 

The specific salmonid species and number of fish to be tested in the 

salmon homing studies cannot be precisely quantitated a pr.io.ri due to 

seasona 1 and annua 1 variability; hO\vever certain e 1 ements of the exposure 

regime for petroleum hydrocarbons have been determined. In both field and 

laboratory experiments salmonids vtill be exposed to the following model 

mixture of aromatic hydrocarbons and/or single molecular species of the 

mixture. 
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Aromatic species* 

benzene 
toluene 
ethyl benzene 
m~o-xylene 
p-xylene 
1~2,4-trimethylbenzene 

% by v1ei ght in m·i xture 

7.9 
56.5 
2.0 
9.5 

16.6 
7.5 

(* These six cornpounds we1ne found to be consistently present at 
high levels in the saltwater soluble fraction of PBCO). 

The chemical dispersants to be screened for detection and avoidance in 

laboratory experiments have yet to be determined. 

A. Laboratory stud·i es 

Avoidance behavior of juvenile salmoni ds to petroleum hydrocarbons and 

chemical dispersants will be assessed in a Y-shaped choice chamber. The 

model mixture and dispersants alone, and in combination, will be evaluated 

to determine avoidance threshold concentrations and levels at which stress 

responses (e.g., raptd swimming and changes in opercular movement~) first 

appear. 

Concentrations of petroleum avoided in laboratory studies by juvenile 

salmon may have to be adjusted somewhat for the home stream avoidance field 

studies with adult salmon. Thus, initial field testing will use concentra

tions found to be within the stress-avoidance window. Avoidance threshold 

concentrations will also be correlated with detection thresholds as expressed 

by electrophysiological responses from the olfactory system of both juvenile 

and adult salmon. 

B. Field studfes 

1. Studies on avoidance of the home stream· by adult salmon when 

aromatic hydrocarbons are pres~nt in the water will be conducted in a 

western Washington creek at the point where it enters salt water. At the 

site tentatively selected there is a dam with a central spillway and on each 
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side there are identical fish ladders with trapping facilities at the head 

of each ladder. Anticipated fish species entering this stream are pink, 

coho and chum salmon 0. keta, plus cutthroat (~c"L_~rkii), and steelhead 

trout. Testing of avoidance behavior will concentrate on the coho salmon 

segment of the run. During each test the model mixture of aromatic hydro-

carbons will be introduced in one ladder for 16-24 hr; the other ladder will 

serve as a control. At the end of each test the number of fish trapped at 

the head of each ladder will be determined. Each ladder will alternately be 

used as test or control. The number of tests conducted is dependent upon 

the s"ize of the l~un and its durat"ion, neither of \•Jhich can be predicted 

accurately at this time. 

2. On studies designed to test possible petroleum disruption of 

homing orientation and capability, approximately 250 (10 replicates of 25 

fish each) jack coho salmon will be captured at their homing site~nd exposed 

to the model mixture of aromatic hydrocarbons for 16-24 hr in a flmv-through 

system. The fish will then be transported back offshore in Puget Sound and 

released at two or three points several miles distant from the homing site. 
\ 

T1·1o-hundred .·nd-fifty jack coho salmon tl~eated identically except for petro-

leum exposure will serve as controls. The home stream, commercial fishery, 

and adjacent streams \·Jill be monitored daily to determine the proportion 

returning and time bet\·;een release and recovery. In addition, it is antici-

pated that from each replicate at least one fish, either oil-exposed or 

control, will have a sonic tag applied and its migration route plotted 

following release. 



Chemistry 

Biotransformations of PetroleumHydrocarbons ----- ____ ,,...,_. ____ ------· 

Key tissues of stm-ry f1ounder :force-fed a l'adioactive polynuclear 

aromatic hydrocarbon (PAH) \•lill be excised and analyzed for metabolites. 

Starry flounder \·Jill also be fed live food organisms containing radiotracers, 

and the fish will be sampled in two regimes: (1) food organisms, e.g., 

molluscs, which do not contair1 an active AHH system) will be impregnated 

with metabolites of PAH (e.g., 1-naphthol) and then fed_ to the fish; {2) 

food organisms containing an active. P,HH system \\'ill be impregnated with Pf1H 

and metabolites. After several weeks tissues of starry flounder win be 

collected for metabolite identification via high pressure liquid chromatog

raphy (HPLC) and related techniques. The flounder will be subsequently 

analyzed for transferred radioactive aromatic structures from the food web 

otganism. 

Effects of Contaminants on Pla 

Animals will be obtained using a nu~ber of different techniques. 

Gravid adults will be either stripped of their gametes or held until the 

larvae are hatched~ Some animals are suitable to culture and will be kept 

in this manner. Plankton nets v,rill be employed to sample seasonally avail

able organisms. 

The organisms will be tested using flow-through techniques and will be 

exposed to S~vSF as Hell as radioactively-labeled hydrocarbons. The organisms 

and the exposure condition will be monitored to give data suitable for 

statistical interpretations. 

Petroleum Hydrocarbon t•1etabolisrn in Relation to Skin and r~ucus 

A. About 20 to 30 fish (coho salmon and stan~y flounder) \vill pe 

exposed to radioactively-labeled naphthalene and methylnaphthalene via 
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fbrce-fceding and in flowing water in conjunction with other inv~sti~ators 

of this research unit~ Samples of epidermal mucus and skiD will be obtained 

as described' previously (t~alins et al. 1977). At each data point 4 to 6 

fish \vi ;·I be sampled and concentr'ations of hydrocarbons and metabolites will 

be measured as described previously (Roubal et al. 1977). Data will be 

treated statistically to fit appropriate probability functions (Eberhardt 

and Gilbert 1973). 

B. Characterization and quantitation of the metabolites a~cumulated in 

skin \·Jill be undertaken by thin-layer chromatography (Roubal et al. 1977, 

Jerina et al. 1970). Also, samples will be sent to NNAF for analyses by 

HPLC. 

C. The AHH measurements and in yitro metabolism of naphthalene in skin 

microsomes will be carried out using methods described for hepatic tissues 

of fish ( Gruger et a l. 19.77). Fish \'Jill be exposed to non- radioactive 

naphthalene or methylnaphthalene Tor a period of up to 6 weeks. A minimum 

·of 6 test and 6 controls will be used for statistical treatment of the data. 

Intet·acti ons in vivo of Petroleum Hydroca}'bons and Trace Meta 1 s 

Eggs from selected species will be exposed to varying concentrations of 

·lead, cadm·ium, and petroleum hydrocarbons singly and in combination. The 

eggs will be observed from fertilization to hatching and sUch parameters as 

hatching ratet embryonic activity~ viabili.ty of hatch, and time to hatching, 

will be followed. Chorionases. from fertilized eggs will also be isolated 

from exposed eggs and examined for activity. 

Pathology 

Oil Contaminated Sediments 

Depending upon the size of fish available at the time an experiment is 

init·iated, beb;een 40 and 60 fish \·Jill be used per aquarium for testing each 
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sed·irnf:nt type or o·i l concentl·at-i on. E0ch t-i sh \'ii "tl bo freezc--brc:u,ci<::d ~·ri th a 

different set of symbols. Pr-ior to oil exposure~ hto \•:eeks after initiJl 

exposure. and at monthly interv0ls for the duration of each experiment, all 

the fish will be weighed a11d measured. Also, at these intervals, 3 to 5 

fisl1 from each aquarium will be bled for hematologicQl testing, autopsied, 

and tissue specimens collected for histopathological examination and hydro-

carbon analyses. 

Disease Resistance 

F·ish to be used 1n disease resistance exper"iii~ents Vii"ll be maintained in 

4 ft diameter fiberglass tanks with or without oil-contaminated sedim2nt. 

Between 100 and 150 fish will be kept in each tank. After a 2 to 3 mo 

exposure, 50 fish from each tank will be used in challenge experiments by 

dividing them into 5 groups of 10 fish each. Each group will be injected 

intraperitoneally with a serial tenfold dilution of a suspension of a 

pathogen or subjected to a bacterial bath challenge. The bacteria-exposed 

fish will be held in special aquaria in an isolation room until completion 

of the challenge test. 

l·lo.rphology 

Tissue samples for light and electron microscopy will be processed as 

previously described (Hawkes 1977). 

Samples will continue to be taken at regular intervals from ongoing 

experiments which include flatfish exposed to petroleum sediments (see 

Pathology section). 

Samples of major organs for microscopic analysis have been collected 

fro:n the most severely affected coho salmon from mariculture pens near a 

diesel oil spill site (Squax·in Island, Puget Sound, \·!ashin~Jton), as \·H::"ll as 

from the least affected salmon at the site. \•Jhole eyes and lenses from 
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these fish are of primary interest and have been measured fot' volume change~ 

prepared for mi c1·oscopy, and frozen for futul'e chem·i ca 1 analysis. The 

following samp.les were also taken: water samples taken at 4 depths and 2 

sites, sediment samples beneath the most and least affected holdi~g pens; 

tissue samples of the least- and most-exposed coho salmon from the penned 

area; and the edible mussel (t1ytilus edulis). These samples have also been 

frozen for chemical analysis. 

Fish ~ggs and larvae have been sampled and prepared for scanning and 

t'ransmission electron microscopy from coilections made by non-OCSEAP supported 

personnel on a NOAA cruise in the Bering Sea. We propose to' continue building 

a reference collection of samples and subsequent micrographs of normal 

structure for future comparison in the event of an oil. spill. In addition, 

·1 aboratory stud·i es on the effects of petroleum on egg membrane surfaces in 

unfertilized and fertilized eggs and larval fish would entail expd~ure of 

salmon eggs (pink or chum) and another species (e~g., stat·ry flounder) to 

PBCO. 1he direct or possible synergistic effect of cadmium and lead on one 

species of fish eggs will be inve~tigated with microscopy and energy dis

persive analysis to localize trace metal accumulation· in specific sites or 

structures of the eggs. 

VIII. ANALYTICAL METHODS 

Quantitat-ive analysis ·of PAH and metabolites in tissues of starTy 

flounder and food organisms \·rill be performed by scintillation counting of 

radioactive fractions obtained by thin-layer cht·omatography and HPLC. These 

techniques wi 11 be augmented by gas chromatography and mass spectrometry 

(GC/MS) for qualitative analyses. The actual HPLC and GC/MS work will be 

performed by the NOAA National Analytical Facility (NNAF). 
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Tissue samples from an·imals exposed to S\·!SF \·Jill be analyzed by infrared 

spectroscopy (IR), ultraviolet spectroscopy (UV), GC, MS. These analyses 

\'Jill be con;pleted by NNAF. Experiments employing radioactive material \'Jill 

be monitor:.:d by liquid scintillation spectrometry. Metabolic convel'sion 

will be quantified using the techniques of Roubal et al. (1977) and identi

fication of specif·ic metabolites w"ill be by HPLC. Th~ GC and fljS \'JOl'k will 

be performed by th~ NNAF. Hydrocarbon concentrations_will be monitored by 

IR, UV, and GC. 

Concentration of hydrocarbons and th~ir metabolites in skin and mucus 

\'Jill be measured by previously established methods (Roubal et al. 1977). 

In vitro metabolism of naphthalene in skin microsomes of coho salmon 

and starry flounder will be carried out using the method of Jerina et al. 

(1970). 

Native and induced AHH activHy \·li ll be measured by methods previouslY 

used for hepatic tissues of fish (Gruger et al. 1977). 

Characterization of metabolites will be undertaken using HPLC and_thin

layer chromatography (Roubal et al. 1977, Jerina et al. 1970). 

The analyses of hydrocarbons by GC and metabolites by HPLC will be 

done by the NNAF. 

The procedures used wi 11 include 1 i quid sci nti 11 ati on spectrornetl'Y to 

quantitate radioisotopes. Separation of compounds such as metabolites will 

be done by HPLC techniques and ge 1 chl'Omatography. Ge 1 chromatography will 

be used to separate protein structures. The HPLC \•Jork \vi 11 be performed by 

Pathology 

Procedures used to assess the effects of exposing n1arine fish to oil

contaminated sediments will include the following: histop~thology, utilizing 
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both ligl1t and electron microscopy (scanning and transmission); analyses for 

petroleum hydrocarbons which will be performed by the NNAF; hematology) 

which will include measurements of hematocrit, differential leucocyte counts, 

tot a 1 RBC and 1 eucocyte counts, and hemoglobin determina t·i ons. Disease 

resistance studies will utilize standard microbiological and immunological 

techniques for· quantitating antibody, cellular immunity, and resistance to 

bacteria. 

Morphology 

l~icroscopic anal.y·:;is \vill include the follmving: light micr· .. ·s~opy 

including histochemical staining reactions for connective tissue and acid 

phosphatase activity. Scanning and transmission electron microscopy for 

evaluation of surface and intracellular alteration~. 

Chemical analysis will include the following: Energy dispersive 

analysis (in conjunct1on with scanning electron microscopy) to id~ntify 

inclusions and/or specific elements of interest, such as lead or cadmium in 

starry flounder eggs. The NNAF \'!ill employ GC/trlS to identify petroleum 

uptake in tissues which exhibit morphological. alterations. 

IX. ANTICIPATED PROBLEMS 

No major problems are anticipated. 

X. DELIVERABLE PRODUCTS 

Narrative reports and manuscripts will be prepared describing in detail 

all methods used together with results of the investigations. In addition, 

visual data in the form of figur·es and tables v1ill be prepal~ed for presenta

tion at appropriate scientific meetings. 

XI. INFOR~·1ATION REQUIRED FROi''l OTHER INVESTIGATORS N/A 
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XII. QUALITY ASSURANCE PLANS 

The NNAF will participate in intercalibration analyses in cooperation 

with other OCSEAP laboratories, e.g., Battelle Columbus. These will include 

tissue and sediment samples as submitted by the National Bureau of Standards. 

Analytical methodology, where applicable, will be fully described and made 

available to cooperating laboratories. Exposure techniques, as well as 

physiolc:::;ical and biochem·ical methods, v1ill be the best available and will 

be coordinated insofar as possible with other OCSEAP projects, e.g., Battelle 

Nortil•rwst and N~·IAFC Auke Bay Laboratory. 

XII I. SPECIAL SAt·1PLE AND VOUCHER SPECJr.IEN ARCHIVAL PLANS 

Specimens 0ill be frozen or placed in fixative and stored at NWA~C. 

These specimens will represent the species used for experimental studies. 

XIV. LOGISTICS REQUIREMENTS N/A 

XV. t1ANAGH1ENT PLAN 

Over-a 1l supervision of the program i·Ji 11 be undertaken by the Director 

of tbe Environmental Conservation Division (Dr. Malins) or Dr. Gruger in his 

absence. In practice the program will be jointly supervised by the principal 

investigators as delineated on the cover sheet. Direct supervision of the 

various phases of research will be generally as follows: 

Accumulation, metabolism, and depuration studies 
with petroleum hydrocarbons and metals---------------Or. t·lalins 

Disease and morphological studies--------------------Or. Hodgins 

Behavioral studies-----------------------------------Mr. Weber 

Coordination of analytical work----------------------Or. Gruger 

328 



XVI. OUTLOOK 

Behavior 

Results of laboratory studies on flatfish avoidance of contaminuted 

sediment should be subsequently confirmed with field evaluation. · The 

mechanics of a field study must await a planned contamination or take 

advantage of an accidental oil spill. In preparation·for these latter 

events) expedments are projected ·in FY 79 to test the feasabn Hy of 
' 

monitoring flatfish movement using sonic tracking techniqties. 

The FY 78 studies on dorid nudibranchs include exposure to both petro

leum hydrocarbons and chemi cell dispersants. If the nudi branch proves to be 

a model organism for evaluation of contaminunts on reproductive processes of 

marine invertebrates, experiments on the possible synergistic effect of 

hydrocarbons-dispersants should be evaluated in FY 79. These studies would 

include threshold concentrations of conta1ninants causing disruptions in 

chemotaxis and embryonic development under a variety of exposure intetvals. 

These studies vmuld be completed by the end of FY 79 with no projected 

increase in funding over FY 78 levels or additional major equipment. 

Results of studies concerning the effect of petroleum hydrocarbons on 

homing of Pacific salmon should provide by mid-FY 78 data in three cate

gories: (1) Concentration of aromatic hydrocnrbons present ·in the \·later 

which will deter adult salmon from entering their home spawning stream; (2) 

Possible effect of aromatic hydrocarbons on Ol'i entation and mi gr'ati on of 

adult salmon at concentrations less than those which cause avoidance; and 

(3) Supplemental duta on studies previously conducted concerning avoidance 

of petroleum hydrocarbons by juvenile salmon (e.g., Rice 1973). The remain-

der of FY 78 ~·till be devoted to laboratory stud-ies on avoidance of saln;on by 

chemical dispersants. 
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Assuming that the new generation of chemical dispersants are not toxic 

to marine l-ife ut leve·ls projected for use) thei~o stin rernains the s(lme 

qucs t ion of detccti on. and avoidance by sn lmon and the consequc~nces of 

avo·idance on nri~]r:Jtory and S!)a\'nring behuviot. Prelim·inary laboratory studies 

on juvenile salmon avoidance to dispersants alone, and in combination with 

petr·oleum hydrocarbons, shc:u.ld be-cc:,.:pleted by the end of FY 78. Provided 

these latter labm'atory experiments indicate a potent-ial cl·isruption of 

salmon rlli~p~atory behav·ior, field stud·ies \·ri"ll be considered for' FY 79; 

probably with an experimental design similar to that planned for the CL!rrent 

proposal. 

The data products of FY 79 will be the same as anticipated by mid 

FY 78. Thel~e is no expectation for increase in cost ove1~ FY 78 levels o·r 

add'it·ion of ma.jul~ equipment. 

Chemistry 

The follm·ring phases of \'tork are of prim~~ importance in future contl~act 

years: 

A. Delineate the potential for forming toxic m2tabolit~s (e.g., arene 

oxides) of hydrocarbons in organisms exposed to petr'olcum and toxic metals 

(continuation of ~resent activities); synergistic/antagonistic effects of 

toxic metals with each of the other two types of contaminants would be 

stud·ied. 

B. DetenTri ne the extent of food-web trunspol't of hydrocarbons ancl 

metabolic products in exposure t'.eg·imes \'ihich include influence of toxic 

metal s. 

C. Evaluate the potential for~ bottorn-cl'.·iell'ing orgmrisms to acclllnulate 

and 1netobolize petroleum components when exposed to petroleum-impregnated· 

sediments. 
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D. Evaluclle the' irrflu:::-ncc of chcmicu·l cl·ispersunts on p2trole<i ~ bio-

accumulutions and nK:tabol·isfll. 

E. Evaluate the biouccumulat·ion and mcto.bol·ism of pet1·olcums subjected 

to oxic!Jt"iVc~ 1·1eatberh1~J vrith ut:cl 1·1ithout presencr:: of to;dc mc:t::tls. 

F. Evaluate the bio0ccumulat.inn i:tnd li~(~tabol"ism of lrigh n~olc'cular 

\·:eight components (e.g., res·inow; Jnat(:ric:.ls) of petro·leurn v;ith and vrithout 

toxic metals. 

ActivH·ies !\, B, C, and D l'iOU.Id b2 cn;phasized ·in FY 79 ancJ be co11tinued 

in FY 80; activities E and F would be initiated in FY 80, but should receive 

continued emphasis thereafter. The activities of FY 79 would provide a 

broad unde~·~;tancJ·ing of the tJ·iolog·ical fate of ·important petroleum compc:·1ents 

·in the range of 1-5 benn·no·i d rings, v1ith and w-ithout the influence of tox·i c 

metals and chemical dispersants; the activities of FY 80 would provide ar1 

initi~l understanding of the biological fute of high molecular weight 

compounds (e.g., res·inous substances) and oxid·izecl components of petro-leum 

which h~ve been almost entirely neglected. The influence of toxic 1netals on 

the biolo~rical conversions 1·10uld be ·investig~ted. Cons·iderab.le emp!Jas·is 

1'/0ulci be plt~ced on eggs and lar·v21 forms in both FY 79 t~ncl FY 80. !\ct·ivitic:; 

A, B, C, and D woul~ constitute a mujor plateau of accon1plishment; activities 

E and F \'Joul d then l"epresent a change in the eli recti on of the l"CSr.arch. 

A numbr.r of manuscripts describing the findings of activities A, 8, C, 

and D 1·i0uld be vn·itten ·in FY 79; the accomplishments of activities E o.nd F 

1·:oulcl be:~ s·imilu.rly repeuted ·in lilanuscr·ipt fonn, stcwt·ing in FY 80. 

Patlw.Iogy 

The final results and datu products anticipated are as follows: 

l. Pathohlgy- 2n evuluat"ion of the pathological effects of pc::~rolcUill 
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· relative sensitivity of different species and various developmental stages 

to the effects of o"il, (b) the threshold levels·and exposure Urnes n-::cessary 

for production of detectable abnormalities, (c) the histopathological 

characteristics of petroleum-induced abnormalities, and (d) the pathological 

effects of various fractions Hnd/or components of petroleum and petroleum 

dispersants on marine fish. 

2. Disease resistance - If challenge experiments with pathogens and/or 

in vitro tests of humoral and cell-mediated immunity conducted during FY 78 

demonstrate that exposure of flatfish to petroleum or petroleum dispersants 

causes inhibition of disease-resistance mechanisms, then efforts will be 

continued to evaluate (a) threshold levels of exposure, (b) mechanisms of 

inhibitot~ effect, and (c) components of petroleum which cause the effects. 

3. Data products - Data resulting from the above mentioned research 

\·Jill be in the form of figures) tables, photomicrographs, written''narrcttives, 

and journal publications. 

Nilestones that \·Ji'll beattaincd and approximate tim2s of completion 

are as·follm·Js: 

1. Pathology- (a) Comp~rison of 4 species of flatfish for the patho

logical effects of petroleum (t·1iddle of FY 79), (b) ·Estimate levels of 

petroleum in sediment ~ecessa1~ to produce detectable pathological effects 

on certain species (En~ of FY 79), (c) Characterization of the types of 

pathological effects caused by petroleum in cet~tain marine fish (t-Hddlr. of 

FY 79); and (d) Evaluate fractions of petroleum for their pathological 

effects and at·~empt to identify the compounds caus·ing these effects (End of 

FY 80). 

2. Disease resistance - (If exper·iments performed during FY 78 demon-

strate that petroleum inhibits the disease-resistance mechanisms of certrii11 
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marine fish, the milestones listed below will apply. If no such inhibition 

is observed during FY 78, this experimental approach \'/ill be terminated.) 

(a) Determine lev~'ls of petroleum and exposure times necessary to 

cause i~nunological defects in important species of fish (End of FY 79); (b) 

Evaluate which pathog.ens are a·ided by the defects (End of FY 79); (c) Further 

define, using.!.!!. vitrq_ tests, the disease resistance mechanisms v1hich are 

aff.ected by petroleum (End of FY 79); and (d) Detet~mine which components of 

petroleum are responsible for disease resistance inhibition (End of FY 80). 

Norphology 

The final results expected are as stated in the two major objectives 

for fY 78: to define cellular parameters \'lhich reflect changes from expos_ure 

to petroleum and to apply these criteria to field-spill conditions in 

assessing the degree of damage to biota. 

Significant milestones wi 11 be understanding the eti o 1 ogy of J ens 

changes so that this, indeed, can be used in field evaluations. Cloudy 

lenses are easy to identify by visual inspection and provide an immediate 

estimate of severity of damage. 

In addition, the continuation of sampling of rainbow trout that have 

been ~xposed to low levels of petroleum for a long period of time (2-5 yr) 

to ascertain if neoplasia develops is another significant data point which 

can be obtained only through long-term studies. 

In FY 78 \·Je are applying knmvledge on structm·es affected by pett·oleum, 

_gained from examination of model species (e.g., rainbow trout), to species 

(e.g.) pink salmon) which may experience environment~l oil contamination .. 

Document·ing the t·esponse of previously identified "target organs 11 or cells 

in the Alaskan biota is a major milestone. 
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COST': 

FY 1979 J25 K FY 1980 5/5 K 

f·IJjor equip:nent reCJu·irecJ for the proposc~d ·stuc!·ies is currcnt.ly 

avai!Jblc at the NWAFC. 

FUTIJI\[ FIELD EFFOI-:TS: 

Sumrlin9 frofll Alask.'ln v:atcrs of orgun·isiiJS l·ike.ly to b2 exposed to 

Sompling after p2tro·leurn exposure ·in the field, either a controned, 

exper·im<:=ntal spill Ol' accidcnta·i spill. 

XVII. STANDARD STATEMENTS 

l. Updated 1\ctiv'ity/i-l'ilestone/Data t·lonagement Charts \·Jill be submitted 

quarterly. 

2. Quarterly re!Jorts will be submitted in suf-F-icient t.ime during the 

cuntt·act. year to be in OCSEAP hands by the first clay of ~JunUJl'.Y, July, and 

October, annual reports by April l. The Final Report will be submitted 

\·rithin 90 days of the tcrnrinat·ion of the contrJct. 

3. \·!here b·iotJ are concer'necl, all species and h·igher cate~JOt'ies \·li1'l 

be repre-.<~nted by the voucher speci1nens that \'l'i ll be:: pn;serv~d, l a!Jell eel, 

held, and sh·ipped to an official OCSU.P-cles·ignated repository ·in confon11ity 

\-rith OCSFJ\P vouchet' Sf.Jecirnen policy. Voucher·in~ vrill ·inc·lude life history 

stu;Jc~s (e.g., ·lat·vae, juveniles, udults) \·!hen they arc usc~cl, and sexes \·!hen; 

these; arc r:lorpho.log·ically d·ist·ingu·ishable. 

~-. 1\t the option of the Project Off-ice the PI ·is prepared to tri-:.vcl t.o 

the P;·ojoct Office at l(:ust t\-1ice cltil'in~ th~: contract yecn· to }'Cvie>·i pl'Oj(~Ct 

sLc1tus and progress. Such rov·ie\'JS \·li'll be schc-:clulccl on· dutes lil~!t'.uaTiy 

sat-isfactory to both parhcs. It is unclot~stoocl that cost:s of the tt·avt~l unci 

pc~r· cl·iem for· these tt·ips \·ril'l be bor·no b.Y the Pt'ojcct Off·ice. 

334 



5. Data vri 11 be ptov·i ded in the~ fom and format speci f·i ed by or:sEAP, 

accompanied by a duta docu;n~~nta on form (NOM\ 24 13). 

6. Data will be submitted within 120 days of the completion of a 

cruise or 3 month data coll.ect"ion pedod, unless a l'lrHtcn v:aivcr has been 

rece·i vee.! from the Project Off·i ce. This does not app'ly to repol't requ·i re-

ments (see par. 2). 

7. HHirin 10 days of the completion of a cnl"ise or data. gJtiic:·t·ing 

effo1·t, a ROSCOP data collection invr:~nto:·y fo1·m (N0/\.1\ 24--23) 1:1il"l be sub 

mitted to the Project Data Managet. 

8. Tit"le for all property purchased \'lith OCSEfiP funds l'ema·ins vrith the 

U.S. Government pending disposition at contract termination. 

9. Three (3) copies of all publ-ication or presentcrt"ion nnnuscripts 

pertaining to technical or scientific material developed under OCSE~': funds 

will be submitted to the approprinte Project Office at least sixty (60) days 

pr-iol' to l'elease for information and for· fon1<::rding to BU·L The l'e.lease of 

such material l·rith·'n a period of less tlwn si;:ty {Go)· clays shall be made. 

only with prior \·Jr·itten consent of the Project Office. News re·!eases \·Jill 

first be cleared with the appropriate Project Office. 

10. All publications and presentations of material developed undar 

OCSE/\P funds ~l'ill acknowledge GU.J!OCSE!\P sponsorshi lJ. The foll m·ri ng clCkno'dl-

edgment is standard. 

11 Thi s study \·tas supported by the Bun:'a of Land 
Management through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
under ~·:hi ch a mul t·i -year pr'O~Jr·aL: respond·ing to 
net:~ds of petroleum d2vel orment of the ill uskan 
continental shelf is mc.u;:1~Jecl by the Outer' 
Continental Shelf Enviro~m2ntal Assessment 
Program ( OCSEAP) Off'i ce. 11
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SUPPLEMENl~RY PROPOSAL TO RU 73; FY 78 

Addendum to: Morphological alteratioris of aquatic 
organisms after exposure to pett'oleum hydrocar-bons 

The back~Jround sect"i on in the RU 73 propos a 1 fot FY 78 011 morpho 1 ogy 

applies this addendum, also .. However, three additional studies are 

rwoposed v1hich include corlv.borat·ion vlith.Drs. Jack Anderson, BcJttelle-

Nor·thwest, SeqLrlm, Has!rington (RU 45lJ.); Jeannetti: \~hipplc, Ni·IFS, T·iburon, 

Ci:\l·ifonlio (RU 389); and Albet~t Spal'ks, ~MAFC, Sc:Jttle, Has!rington; and a 

proj on l-iver changes that ·is a contiiluation of \1/otk from studies 

conducted during FY 77 in RU 73. 

The three studies proposed and backgt'ouncl ·information concerning them 

·include: 

{1) The collaborative v;ork generates from observations by Dr. AnclePson 

petroleum hydrocarbons from water contanHnated with petrolewn. However, 

histological changes have not been investigated previously. In addition, 

Dr. Anderson has noted an increase in viscous material on the cuticle of the 

madne amphipod, Nanon.'L!S_ laticoxa~ after petroleum exposure. In conjunction 

\'lith Dr. Sparks, \·Je propose to do ail histological examination of effects of 

oil exposure on P. _stami.Qea and N. l<lt_t_coxae and to perform ultrCistnJctural 

examinations if s·ignif·icant t,-istological abt!l'rat·ions a1~e encountered. 

(t~) Previous studies have indicated that a number of potentially 

deleterious changes occur in the liver tissue of rainbow trout expos~d to 

moderately high doses of Prudhoe Bay crude oil (P[)CO) in the diet (l!a•:;kes 

1977). The vascul<ll' t·issue in the l-iver bccui!l·2 fibrotic c1ftet· 3-8 rno 

exposun; to P8CO. These cirrhotic chan s could uc' <t t·esponse to 
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inflarmm.ttion or ·ind·icate early neoplus·ia (Popp .'lnd Thomns 1975) .. r~s part 

of this add··ndum we propose to continue periodic examination of trout 

exposed to either 1,000 ppm PBCO added to food or to 10 ppm oil on food for 

up to two years in order to follow long-term changes and to assess the 

effects of lower dosages. 

(3) Reproductive success of organisms aftel~ exposure to petl~oleum is 

itnportant in evaluating potential deleterious effects from such exposure. 

Dr. i-1/ri pp l (:' has proposed a series of expel~·iments for FY 78 (RU 389) Hiri ch 

include examination of the gonadal tissue of a mollusc, Protothecet .:·-'-·---··-

a crus cean, ~_9-ncer or Ct'an£[Q_Q_ spp., and a teleost, Par'o...r_t:_J_::ys 

vetulus, after exposure to monoaronmtic petroleum fract-ions. Gonadal 

tissues will be prepared at Tiburon for light and electron microscopy and 

aga·in, \·ihen appi~opl~iate, as judged from histology, preliminary ulttastructure 

studies will be performed. 

OBJECTIVES 

(1) In collaboration with Drs. Anderson and Sparks, we propose to 

provide histological and ultrastructural information on the amphipod, N. 

J~ticoxae, and the mollusc, f.:_ staminea, after' exposure to l01·1 levels 

(10 ppb) of petrole:.:n in a flm·ling salhJater system. 

{~) To assess the degree of liver cirrhosis ~aused by petroleum in the 

diet of rainbow trout and to continue sampling for potential neoplasia in 

fibrotic livers. 

(3) To provide ultrastructural information on the selected rn?..rine 

invertebrates and f-ishes exposed to petl~oleum as a part of the OCSEAP 

resear'ch by Hhipple et al. at the Nr1FS laboratory at T"ibuton. 
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GENL!U1~. STIU\T[c;y fl l·iE TllODS ( 1·Jhen:: 11 p pi i cab 1 e) 

(1) Little n::ck clams ar.cl i!Ciiphipods vril'l be expos~~d to 10 ppb j)Ch'olcum 

in ·in a flm-1in~J mar·ine systenl at l3attellc-~!orthv:est at Sequ'irn, ·~·!ashbgton 

(See HU ) . Scunp ·1 c:s 1,ri ll be ken by Drs. t\nck:r:;on, Spad<s, and H:n<~kes 

and <:.~ppn)pt-iately rn·cpal-ed and Cllla·lyzed (8utt<::~ne Colurnb·is) fo;' uptcl!:('.' of 

tm.lcum, tl'isto'logy, and, \·Jh~re inc!·icatcd, ultrastructt.:Y'e anal 'is. 

(2) Liver f·ibl~os·is \•rill be assessee! ·in ~-ainbo·,., trout exposed to 

1~000 ppm Ol" 10 ppm crude on added to food. Tvm ani:l'lytical methods •,.rill be 

used: (a) Energy dispersive analysis of sulfur as an indicator connective 

tissue distribution will b2 compared beti·Jeen contt'ol and exper·imenta·l fish 

and (b) morphological change in both the vascular tisstte of the liver and 

the hepatocytes will be followed for evidancc of neoplasia. 

(3) After an initial training session, samples of gonads from a 

mollusc, crustac:.~an, and tc·; 0 species c>:posed to a rnonoarDmat·ic hycin>-

carbon nrixture \'rt.ll be obta·im.:d by pt:l'sonne·l at T·iburon laboratory i·1HFS 

ron mi crosc:opy. If tho h'i sto·i o~J i cul 

preparations provi evidence of ti ssw:. r~ , comp11raule specimens that 

have been embedded for el ectnm mi Cl'Oscopy VIi ll be shi ppecl to Se<1ttl c for· 

pl'OCCSS i ng. 

DELIVERABLE PRODUCTS 

Narrative reports ·i ncl udi llfJ gi·<.1phs ancl 1;ri cro~p-ap!ls fro;n 1·i ~Jilt and 

electron microscopes. 

HWORlV\TION FRO:,l OTHER HJ 1JCSTIGl\lORS 

Data concern·ing the pr·ecise €:'XPOSUl'C: t'irr:C'S and levels fl'om Lh'S. 

Anderson and Whipple. 
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OUT LOCH~ 

Oo.ta collected from the f\nclerson and \·Jh·ipple col"labol'a.t"ions ~·/OL(ld 

providE: rtd:lit-ional inforr>idt·ion on st.ructui'C.d changes in invet'tc!JJ~a and 

certain vertebrate ssu~s v;hich \·li"ll either ind·icato "no effect" or areas 

of tissue damuge Hhich vJill form the brrsis of possible future research. The 

other pl~oposed study will provide 1nore ·in depth ·information on 'liver 

structure chang2s after petroleum exposure which may with longer exposure 

time result in serious liver pathologys namely) cirrhosis and possibly 

n eo p 1 a s ·i a . 

The cost is not expected to fluctuate appreciably from FY 78; in 

FY's 79 or 80, if similar studies are continued ($26.5 K). No additional 

major equipmen~ is anticipated and no major changes in logistics. 
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Title: Ecosystem Dynamics, eastern Bering Sea, RU-77 

Institutional Proposal ID Number: R7120810 

Principal Investigators: T. Laevastu and F~ Favorite 

Total Cost: $50,000 OCSEAP 

Institution: NOAA 
National Marine Fisheries Service 
Northwest and Alaska Fisheries Center 
2725 Montlake Boulevard East 
Seattle, Washington 98112 

Date: June 1977 

.ckn: ~is-
·T. Laevastu 
Principal Investigator 
National Marine Fisheries Service 
Northw·est & Alaska Fisheries Center 
2725 Montlake Boulevard East 
Seattle, Washington 98112 
(206) 442-2436 

Dayt ry L. Alverson 
Cen ef: Director 
Natidnal Marine Fisheries Service 
Northwest & Alaska Fisheries Center 
2725 Hontlake Boulevard East 
Seattle, Washington 98112 
(206) 442-4760 
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C. Technical Proposal: 

I. Title: Dynamical Numerical Marine Ecosystem model for the eastern 

Bering Sea (including Bristol Bay and St. George Basin). 

Research Unit Number: OCSEAP Research Unit No. 77 

Contract Number: R7120810 

Proposed Dates of Contract: 1 October 1977 to 30 September 1978 

II. Principa'! Investigators: 'I'. Laevastu and F. Favorite 

III. Cost of Proposal for FY 78: 

Total: $50,000 

Distribution of Effort by Lease Area: 

50% Bristol Bay 

50% St. George Basin 

IV. Background: 

The first year studies under this OCSEAP contract demonstrated the 
manner and feasibility of programming a total dyn~mic marine ecosystem 
model. An 8-component submodel of selected m2rine mammals and birds 
and some of their principal food groups, such as pollock, herring, 
and macroplankton, \vas completed during the first year contract. This 
\>mrk shmved quantitatively the intricate interactions of 8 components 
wit iLl. the total marine ecosystem (through trophodynamics, interspecies 

ccm e ' l! c ''· d · · b ) d d d h · ~~~~~&B, an ~ntervent~ons y man an emonstrate t at ~t was 
possible to design and program a complex ecosystem simulation model 
that includes most of the quantitative as well as qualitative 
(descriptive) knowledge of the abundance and behavior (dynamics) of 
marine biological resources thus, essentially, reducing available 
descriptive knowledge into quantitative "dynamic11 form. 

The 8-component submodel was expanded in FY 1977 to include 25 biological 
components and this submodel is in the process of being tuned. 
Comparisons of results of both submode1s will be made prior to the 
end of FY 1977 and a report submitted. 

The composition of marine ecosystem and processes \vithin it are 
extensive and complex. The available knowledge on these components 
is voluminous and growing rapidly. Thus, in order to make the available 
data and knowledge reviewable, it is necessary to automate handling of 
data and to reduce the empirical knowledge into numerical models. 



Because it is not possible to study empirically all the distributions, 
interactions and other processes in a marine ecosystem, it is necessary 
to simulate the interactions on large computers and to study the 
processes by means of numerical techniques. The feasibility and great 
utility of this approach has been demonstrated within past work on 
OCSEAP RU-77, in the framework of ~.;rhich a relatively complete ecosystem 
model has been programmed. This program has provided one of the chief 
means of answering quantitatively a majority of questions concerning 
the effects of offshore oil developments on the ecosystem, as well as 
becoming a management decision tool for the conservation and protection 
of marine resources. 

It is intended to update the model Hith the latest information from 
OCSEAP studies, and to apply model results to offshore oil development 
questions and decisions. It should be realiied that this model is 
based largely on all pertinent previous data and subject matter, and 
especially on pertinent data provided by other empirical OCSEAP studies; 
thereby, ~onstituting a synthesis of these studies. 

V. Objectives: 

The general objectives and purposes of the numerical ecosystem model fall 
within three categories: 

A. Investigative and consolidative, including quantitative biological 
resource evaluation. 

1. 

2. 

3. 

Synthesis of information, including quantification of descriptive 
data, including summary of exploratory and baseline studies. 

Simulation of the ecosystem and its essential interactions, including 1 
interactions bet>veen the ecosystem components and the physical-chemica· 
environment. 

Determination of the effects of environment and interspecies inter
actions and natural fluctuations. 

B. General management guidance and effects of exploitation. 

1. Magnitude of the biological resources and their past and expected 
future fluctuations (including results from A-1 and A-3). 

2. Determination of fishing intensity variations (including spatial 
and temporal distribution of fishing) on the resources, including 
the effects of proposed regulations. 

3. Determination of research priorities. 
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C. Oil exploration/exploitation effects on marine ecosystem. 

1. Determination of the effects of oil "developments" on the ecosystem 
as compared to natural fluctuations, including the determination of 
Contaminant Baselines - OCSEAP Tasks A and E. 

2. Quantitative determination, in space and time, of the ecosystem 
components susceptible to petroleum "developments" - OCSEAP Task E. 

3. Quantitative determination, by means of numerical simulation of the 
effects of contaminants and other possible detrimental effects of 
petroleum "developments" on the ecosystem and its components -
OCSEAP Task F. 

The initial submodels developed in FY 76 and 77 have demonstrated the 
utility and the feasibility of achieving the above ge~eral objectives. 
Detailed p~ans for FY 78 (and 79) are listed in the following sections. 

VI. General Strategy and Approach: 

It is proposed to complete the model as conceived at this time in FY 78 and 
to commence production runs (i.e., to answer any detailed questions falling 
within the objectives). The strategy and approach in FY 78 is: 

a. Update the input data base ~vith all available new data. 

b. Program in space and time variable food composition as function of 
food availability, and investigate the extent and effects of "natural 
starvation". 

c. Separate dominant fish groups into juveniles and adults. and introduce 
size-dependent feeding. 

d. Provide zooming subroutines for detailed investigation of small-scale 
effects of oil development in Bristol Bay and in St. George Basin. 

e. Complete model optimization and documentation (at this stage 'the 
model is considered operational). 

f. Determine qualitatively and quantitatively the effects of environ
mental conditions and intervention by man on the trophodynamics 
and interspecies competition. 

g. Determine quantitatively the effects of drastic environmental changes 
(e.g., the extent of ice cover) versus increase in mortality and/or 
avoidance,behavior as might be caused by an oil-spill. 

VII. Sampling Methods: N/A 
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VIII. Analytical Methods: 

The methods used in the submodel develop1nent have been described in several 
reports submitted to OCSEAP. A detailed description of the methods and 
the model is in preparation and will,be submitted by 30 September 1977. 

In essence, all the advanced experiences and approaches of large-scale 
modeling in synoptic meteorology and oceanography ~·Jill have been applied. 
The study also makes use of applicable, earlier tested population dynamics 
and ecosystem modeling approaches, but goes much further in incoporating 
most of the pertinent knowledge, ~·7hich has been converted (by present 
investigators) into numerical fo~~. 

The model is four-dimensional (three space dimensions and time). Computations 
are made in ~.;eekly to monthly time steps (shorter time steps in zoomed areas). 
It is fully dynamic, both in respect to motions and migrations as well as 
in interspecies interactions (e.g., in trophodynamic effects). The 
computation techniques include not only iterative solving of simultaneous 
equations with many unknow-ns and in space and time variables and dependent 
variable coefficients, but .also extensive bookkeeping operations, ~.;hich 

make the program so extensive that only the largest available computers can 
be used. There are numerous outputs, both routine and special, in digital 
printout and graphical form. 

IX. AnU.cipated Problems: 

Due to the size of the program, the local available computers (e.g., CDC 
61!00) are inadequate. He intend to use ERDA CDC 7600 computer in Berkeley, 
California for future model runs. 

Great volumes of printouts and graphical material can be produced with the 
mod~l, but it is not feasible to reproduce alJ these in reports. We intend 
to archive essential outputs in NWAFC in Seattle for eventual future 
references and use. 

X. Deliverable Products: 

A. Digital Data 

Card decks of data and program. 

B. Narrative Reports and 

C. Visual Data 

Description of the model and its use (see milestone chart for schedule). 
Yearly reports on essential results. 
Special reports on specific questions studied including specific 
numerical printouts and graphics. 
Card decks on data and program. 

D. Other Data - N/A 

E. Data Submission Schedule - N/A 
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XI. Information Required from Other Investigators: 

The pertinent information produced by other investigators is extracted 
from quarterly and annual reports submitted to OCSEAP. 

XII. Quality Assurance Plan: 

Besides normal model debugging and tuning procedures, output verifications 
with available information (data and knmv-ledge) has been made an integral 
part of the work within this project. 

XIII. Special Sample and Voucher Specimen Achival Plan: N/A 

XIV. Logistic Requirements: N/A 

XV. Management Plan: 

Management of OCSEAP Research - NHFS/1\T\>IAFC agrees to be responsible for 
conducting studies deE;cribed in the Technical Proposal Forms. Changes 
in the scope of work may be initiated by either pa.rty and will be implemented 
after mutual agreement has been reached and this agreement has been confirmed 
in writing by the NNFS/NWAFC and the OCSEAP Program/Project Office. Such 
agreements \vill be accompanied by revised work statements where considered 
necessary by the Program Office and will reflect changes in schedules 
and/or funding, as appropriate. 

The 1TMFS/NI-J'AFC has designated G. Tanonaka to coordinate all energy 
related research activities with the OCSEAP Program/Project Office. In 
addition, the NMFS/NHAFC will designate principal investigators tvho will 
be responsible to the NWAFC for the implementation and conduct of assumed 
tasks. 

The principal investigators may be freely contacted regarding clarification 
and technical aspects of the research program but any negotiation \·lhich 
involves change in commitments of NWAFC personnel or dither resources must 
be made \vith the Coordinator for Energy Related Research (see OCSEAP 
Research Organization - NHAFC) attached. 
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XVI. Outlook: 

It is anticipated that the extensive model will be fully programmed, tested 
and verified in FY 78. The majority of the production runs and multiple 
use of the model are planned for FY 79: 

--Complete the description of the final operational model, including 
its use manual. 

--Determination of the effects of fishing (present and .projected intensity) 
on the (future) quantitative changes in the ecosystem in the eastern 
Bering Sea. 

--Quantitative comparison (using the model) of environment caused, 
fishing caused, and possible oil development caused changes in the 
ecosystem. 

--Answering of any other pertinent questions arising in connection with 
oil development and falling within the model objectives. 

XVII. Other Provisions/Obligations 

1. Updated Activity/Nilestone/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 vlithin 
90 days of the termination of the contract. 

3. l-Jhere biota are concerned, all species and higher categories ~•ill be 
represented by the voucher specimens that will be preserved, labelled, 
held, and shipped to an official OCSEAP-designated ~epository 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 project 
status and progress. Sucl1 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 p~ovided 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 3 month data collection period, unless a written waiver has been 
received from the Project Office. This does not apply to report 
requirements (see par: 2). 
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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 l-fanager. 

8. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts 
pertaj_ning 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 >.vritten consent of the Project 
Office. Ne~.,;rs releases will first be cleared with the appropriate 
Project Office. 

10. All publications and presentations of material developed under OCSEAP 
funds will acknoivledge 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 Co.ntinental 
Shelf Environmental Assessment Program (OCSEA'P) Office." 
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Title: Littoral Studies: Gulf of Alaska and Bering Sea 
OCSEAP Research Unit 78 (Formerly 78/79). 

Principal Investigators: 
Theodore R. Merrell, Jr. 
Charles 0 1 Clair (tentative) 

Period of Work: October 1, 1977 to September 30, 1978. 

Institution and Department: 
Auke Bay Laboratory, Northwest Fisheries Center 
Environmental Impact Programs _Section 

Required Signatures: 

Principal Investj~ 

Name J£~i£ f' QJ,,J/l Date_----"-&+--·/:)-+-)~1_17_ 0" f r (-
Name Date ------------------------ ----------------
Address: NOAA, National Marine Fisheries Service 

Auke Bay Laboratory 
P. 0. Box 155 
Auke Bay, Alaska 99821 

Telephone Number: 789-7231 

--~-M+-~~~~~~--d-
1/ 

Date 

Address: ·orthwest and Alaska Fisheries Center 
2725 Montlake Boulevard East 
Seattle, Washington 98122 

Telephone Number: 442~·4760 

Organization Financial Officer 

Name Date ------------------------ ----------
Address: 

Telephone· Number: 
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Technical Proposal 

I. Title, Research Unit Number, Dates of Contract. 

Littoral Studies Gulf of~laska an~ Bering Sea. 
OCSEAP Research Unit 78 (Formerly 78/79). 
October 1, 1977 through September 30, 1978. 

II. Principal Investigator 

Theodore R. Me rre 11 , Jr. 
Charles o•clair (Tentative) 

III. Cost of Proposal 

$75,000 
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IV. Background 

During the 1974-76 field season approximately 2,000 quantitative littoral 

samples were collected in an area extending from Yakutat in the eastern 

Gulf of Alaska to King Island in the northern Bering Sea. Many of the 

samples remain to be sorted. Much of the already sorted data need to be 

summarized, combined with qualitative observations, worked up into graphical 

output and turned into reports which describe the different. basins. Recent 

meetings with OCSEAP (JPO) personnel have indicated that highest priority 

should be given to the production of these summary reports prior to leasing 

activities in the various basins. The reports may also be used as a basis 

for choosing areas and formulating research plans for other scientific 

efforts. 

Previous guidance from OCSEAP had also indicated that emphasis should be 

placed on continuing and expanding intensive studies to determine the seasonal 

changes and trophic relationships of the dominant littoral biota, and to interpret 

and apply the survey reconnaissance data to littoral ecosystems likely to be 

affected by OCS oil development. Unfortunately, the funding guidance for FY 78 

is not sufficient to allow us to continue this phase of our work. Because we feel 

this research is of great importance, however, we are including a supplemental 

section with this proposal outlining the work we feel should be done and the 

additional costs. above the funding guidance of $155 K. 

V. Objectives 

Throughout this project there have been two major objectives: to determine 

the distribution of the major habitats (sandy, muddy·, rocky, etc) along the 

coastline, and to determine the densities and distribution of biotic popula

tions within these habitat types. 
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With the publication of the Alaskan intertidal atlas in the summer of 1977, 

the first goal will have been realized. Accomplishment of the second 

objective has been partially realized with the data workups contained in 

several quarterly reports and in the report on the Kodiak Basin. It will 

be the primary objective of this project to complete these aspects of our work 

and to provide data summaries and interpretations on all of the basins where 

we made reconnaissance or baseline-level surveys. 

VI. General Strategy and Approach 

All of the field work for the aerial survey and habitat reconnaissance phase 

has been completed. Sorting of remaining samples by U of A IMS will continue 

in FY 78. In the meantime, computer analysis of presently sorted samples will 

continue and new data will be processed as it becomes available from the IMS 

IMS Sorting Center. Statistical and graphical interpretations of the species 

associations within and between major habitat types is ongoing and will be 

completed in FY 78. Our approach toward the dissemination of these data will 

be to prepare reports summarizing our observations and major conclusions for 

all of the lease basins. 

VII. Sampling Methods: Not Applicable 

VIII. Analytical Methods: Not Applicable 

IX. Anticipated Problems 

1. Computer delays will continue to be a problem. Our shared usaqe of the 

Forest Service system, which utilizes the INFONET network in Los Anqeles, 

is becoming more difficult due to increased Forest Seryice usage. Turn

around time is still slow and the system is expensive to use. Neither of 

the proposed alternatives to the INFONET system (University of Alaska system 

or installation of a computer at Auke Bay Laboratory) appear to be viable 

substitutes for FY 78. 
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2. In the past we have had to expend considerable effort to make sure that 

the Sorting Center was adhering to contractual schedules and processing 

samples on a timely basis. Recently the OCSEAP (JPO) has assumed responsibility 

for the assignment of sorting.priorities. Unless a strong effort is expended by 

OCSEAP on our behalf, considerable delays in receipt of sorted material are 

likely to occur. 

3. If intensive studies begun 'in FV 77 are cancelled staff morale will deteriorate. 

This aspect of our research has been eagerly anticipated as a significant and 

relavent means of contributing to evaluating of OCS potential oil impacts, to 

a much greater degree than the previous reconnaissance surveys. 

X. Deliverable Products 

A. Digital Data 

1. List of Parameters 

Record Type 1 Vessel name/cruise number 
Cruise dates 
Senior scientist/investigator/institution 

·. Record Type 2 Geographic position 
Date/time 
Surface water temperature 
Salinity 
Beach exposure direction 
Substrata type 
Habitat description 

Record Type 3 Catalog/photograph numbers 
Gear type 
Transect number/direction and meter number 07 
Sample/zone/arrow number 
Quadrat size/elevation/slope 
Substrata and surface topography types, 
Collection time 
Sediment volume 

Record Type 4 NODC taxonomic code/subspecies · 
Sex 
Sample condition 
Percent coverage 
Count of species 
Wet and dry weights 
Lengths (when appropriate) 
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Note: These are the major parameters measured. Occasional other fields 

(such as Secchi Disc Depth) may be filled but data were not collected 

on a routine basis. 

2. List of Digital Products--See Table 1. 

B. Narrative Reports 

We will produce several basin reports summarizing the results of our 

reconnaissance surveys. The narrative parts of these reports will include 

site descriptions, summaries of the zonation and associations between dominant 

species and a discussion of major conclusions concerning relationships 

between sites and basins. The report on the Kodiak Basin is essentially 

complete and will form the basis for later reports on the Eastern Gulf, St. 

George Basin, Bristol Bay, and Norton Sound. 

C. Visual Data 

For areas in which quantitative samples were collected we will produce the 

following visual outputs: 

1. A species list for each site. 

2. A listing of species numbers and weights contained in each sample (Table 2). 

3. A summary table for each dominant species showing its density at all 

sites by tidal elevation. (Table 3) 

4. A summary table for each site showing the densities of dominant species 

with tidal elevation. (Table 4) 

5. A summary figure showing the distribution of dominant species along each 

transect line. 

D. Other non-digital data--Not Applicable. 

E. Data submission schedule (see attached data products schedule). 

XI. Information Required from Other Investigators--Not Applicable. 

XII. Quality Assurance Plans 

Intert~dal samples are sorted and coded at the Sorting Center in Fairbanks. 

Voucher collections are maintained in order to verify identifications. 
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Table 1. Data Products Schedule 

Data Type Media Estimated Processing and 
(ie. Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, (Volume of Format by PI Period Submission 
etc.) tapes, disks) processed data) (If known) (Yes or No) . (Month/Year to Month/Year) (Month/Year) 

Intertidal Tapes 030 Yes 9/74-10/74 (EGOA) 1/76 

II II II II 4/75/75 (EGOA) 12/76 

II II II II 5/75 (WGOA) 7/77 

II II II II 7/75 (Bering) 9/77 

l.iJ II II II II 7/75 (WGOA) 9/77 
"" _;:,. 

II II II II 8/75 (Bering) 10/77 

II II II II 9/75 (EGOA) 90 days after 
Receipt of 
Remaining Sorted 
Samples 

II II II II 5/76 (WGOS) 10/77 

II II II II 6/76 {Bering) 90 days after 
Receipt of 
Remaining· Sorted 
Samples 

II II II II 8/76 {Norton Sound) 90 days after 
Receipt of 
Remaining Sorted 
Samples 



U 10 Tl C DENS 1 TIES OF I NTEIH I DAL OFWAN ISMS FROt-1 THE WESTERN GULF OF ALASKA 
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Table.:;; . !vfcans, number of observations, and standard deviations of the grams/sq. meter of 
Fucus sp. at 2 foot elevations intervals along transect lines at selected locations in the 
Western Gulf of Alaska. 
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Table · . Average densities (g./sq.m.) of selected organisms estimated along transect lines at 
Sud Island in August 1975. Data arc stunmarized by 2 foot elevation intervals. 

No.of Littorina Parenchy. Collisella Spongo- Mytilus 1.0 

El ev. Obs. sitkana Fucus. Greens pclta morpha Halosaccion cdulis OndonthaHa 

6 4 925.27 974.57 .• oo 2.53 .00 too .. oo 11.26 
4 2 .26 4716.26 .00 .00 ·.oo .oo .00 :oo 
2 3 5.35 314.22 6.11 7.19 .oo .oo ,00 .00 
0 2 .so .00 .so 3.31 .oo 2.39 ,00 1. 86 

-2 2 .oo 3.85 .00 .00 .oo .oo .oo .00 

10 1 1718.40 .oo .oc .00 .00 .00 .oo .00 
8 5 tl4. 84 989.81 .00 .00 .00 .00 7.39 .oo 
6 4 581.95 2515.78 .16 4.90 .04 10.76 282.23 138.26 
4 8 17.74 523.t1.3 .01 3.41 2.14 186.19 20.03 .01 
2 ,.. ,32 80.96 .00 12.27 13.91 6.43 .60 .12 :J 

0 1 .00 .00 .00 .00 ;00 .00 ·3. 68 1. 24 

w 
0'\ 
-...J 

f\o. of Balanus Katharina Phyllo-
El.cv. Obs. Hhoclymenia Rhodomc1a cariosus Sponges ttmicata spadix Alaria Lamina ria 

. 
G 4 10.48 .00 .00 24.32 .oo .oo .00 .00 
t1. 2 .oo .oo .00 .oo .oo .00 .00 .oo 
2 3 996.75 .00 .00 9.31 .oo .oo .oo .00 
0 2 1712.92 .oo 35.53 1090.09 .00 .00 3163.~0 .00 

-2 2 23.28 .oo .oo .~00 26.74 .00 720.00 .00 

10 1 .oo .00, .00 .oo .oo .oo .00 .00 
8 5 .00 .00 37.72 .00 .00 .oo .00 .00 
6 'l .14 .84 365.88 .oo .00 .00 .oo .oo 
il 8 891.51 .oo 130.80 .oo .oo .oo .oo .00 
?. 5 19·18.~4 • 00 1296.44 71.36 119.04 .oo 460.83 .00 
0 1 .00 .oo .oo 258.58 .00 .00 .00 9097.07 



Troublesome groups are sent to experts for identification. All sorted samples 

are stored in order that questionable data from any sample can be checked after 

scrutiny in Juneau. 

~Jhen the sorting forms are received in Juneau the completeness of each form 

is checked and each sample is identified and compared with field records 

in order that all samples are accounted far. Data from the sorting farms 

are then transferred to computer punch cards which are verified by conventional 

methods. The data are then computer printed in an organized form in tables and 

figures which allow rapid scanning to pick up obvious errors. A multiple-phase 

update program is available to make corrections as they occur. 

XIII. Voucher Collections 

Voucher specimens are maintained at the U.A. Sorting Center in Fairbanks. Two 

sets of voucher specimens are presently being prepared; one to be deposited in 

the museum collection at ABL. and one to be maintained at the Sorting Center 

in Fairbanks. Representative specimens of all species encountered in this 

study ar·e included in the voucher collection. 

XIV. Logistics Requirements 

Unless the intensive phase of the littoral research is funded we shall not have 

any logistics requirements. A discussion of logistics required for that phase 

of the program is contained in a subsequent section. 

XV. Management Plan {See Milestone Chart) 

Overall project planning ~vill be coordinated by Merrell who will also be 

responsible for personnel administration and allocation of laboratory staff 

and facilities. Production of reports summarizing the results of the 

reconnaissance survey will be coordinated by Gnagy and MacKinnon. Qua 1 i ty 

control and manipulation of data wiil be handled by Gharrett. Grimm will 

provide, in conjunction with the Biometrics staff, computer analysis of data. 
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If the intensive phase of the program is also funded, o•clair will become the 

Principal Investigator and will be responsible for planni~g and scheduling 

field research and overseeing the scientific quality of the reports. 

XVI. Outl oak · 

The workup of the reconnaissance survey should be completed in FY 78. The 

remaining research effort would then focus entirely on reinitiating and 

continuing the intensive studies. These studies would provide narrative 

reports on the primary productivity, community structure, species composition, 

and trophic relationships of littoral sites in the Hinchinbrook Entrance and 

Kodiak areas. Milestones would include an annual summary of research indicating 

seasonal patterns and major new information gaine~ on the dominant processes. 

The cost of this project would be approximately $200k annually. No major 
\ 

equipment would be needed. Sites would be located in Hinch1nbrook Entrance 

where a small vessel (60 1
) might be needed to berth scientists, and in the 

Kodiak area where a field camp with helicopter transportation would be most· 

advantageous. Helicopter support would not be required if the study site is 

accessible by a road system. 

XVII. Standard Statements 

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, and 

held, and shipped to an official OCSEAP-designated repository in conformity 

with OCSEAP voucher specimen policy. Vouchering will include life history 
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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 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, ac~om

panied 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 written 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 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. 

9. Three (3) copies of all publication or presentation manuscripts pertaining 

to technical or scientific material developed under OCSEAP funds will be sub

mitted 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 writt~n 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. 

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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Littoral Studies (supplement: Intensive Studies) 

IV. Background 

Previous guidance from OCSEAP had indicated that emphasis should be placed 

on continuing intensive studies to determine the seasonal changes and trophic 

relationships of the dominant littoral biota. In April 1976, we traveled 

by charter helicopter to two lighthouses, now automated but previously 

operated by resident Coast Guard personnel. This was a reconnaissance trip 

for site selection and to begin working on methods for the intensive studies. 

The two sites, at Cape Hinchinbrook on Hinchinbrook Island, and at Cape 

St. Elias on Kayak Island, were judged unsuitable for intensive studies 

because they would be difficult to reach at all times of the year and because 

they did not provide diverse habitat types. 

In April 1977 we traveled to Kodiak Island where we looked at several sites· 

in the vicinity of Chiniak Bay. We selected a possible study site at Isthmus 

Pt. in Kalsin Bay. However, this site has a history of oil spills and may 

not be suitable for a long-term study site (see quarterly report, June 1977). 

In May 1977, we traveled to Hinchinbrook Entrance to select a study site 

within the NEGOA lease area. We selected a site in the area of Nuchek and 

Constantine Harbor which provides a great variety of habitats and which is , 

accessible at all times of the year (see quarterly report, June 1977). 

V. Objectives 

In the next phase of our study we propose to narrow our geographic range to 

one or two study sites and to increase our spatial and temporal range at 
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those sites so that we will be able to look at several microhabitats 

within the study sites at least three, and preferably four, times a year. 

Initially we will determine what plants and animals live at each site and 

then select a few of these to examine in detail to determine their role and 

the interrelationships that make up the trophic dynamics of the system. In 

the case of macrophytes, for instance, we will look for seasonal patterns 

of presence or absence, reproductive state, abundance, the interrelationships 

among algae and with the fauna, and the contribution they make to the 

productivity of the system. 

VI. General Strategy and Approach 

1. Determine community structure and species composition by transect 

line-quadrat enumeration and collection. Record data on species type,· 

number, size, sex, reproductive state, and behavior. 

2. Compile trophic relationships of primary producers, benthic 

macroinvertebrates, and pelagic invertebrates and vertebrates from observation, 

experimental manipulation, gut sample analysis, and the literature. 

3. Conduct surveys during high tide using SCUBA to observe behavior 

and interrelationships of intertidal predator and prey species. 

4. Observe and collect subtidal quadrats of macrophytes using SCUBA to 

determine distribution, percent coverage, biomass, reproductive state, and 

growth. 

5. Measure water quality at each site on both flood and ebb tides. 

Parameters proposed for measurement will include nitrates, phosphates, organic 

C, petroleum and natural hydrocarbons, co2, o2, pH, salinity and temperature. 
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6. Determine water circulation patterns within bays or lagoons 

with drift cards on a flood tide. These data will provide information 

for understanding the patterns of water exchange between these confined 

bays and the larger water bodies with which they connect. 

Data from the categories listed above will be integrated into a comprehensive 

analysis of the littoral ecosystem at each site. Sampled every 3 months, 1 

year of research will provide information on the seasonality of many of the 

plants, animals and processes at each site. This may allow us to narrow the 

scope of our study and intensify our efforts on the more important or critical 

aspects as we learn what they are and how they are likely to relate to OCS 

oil impacts on·marine resources. 

Data collected over several years will go beyond seasonality into the inter

relationships of the various .subdivisions of the ecosystem, specifically birds, 

fishes, shellfish, marine mammals and plankton. The studies will be closely 

coordinated with related research on these groups by other OCSEAP projects. 

Implementation of this study will transform our program from its previous 

survey mode to a holistic mode, addressing an understanding of the intimate 

interrelationship of the shore and nearshore environment and their relevance 

to BLM needs and to traditional NMFS goals and activities. 

Data products will include a comprehensive report of our studies at each 

site as well as formal publications. 
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LOGISTICS REQUIREMENTS 

INSTITUTION Auke Bay Laboratory PRINCIPAL INVESTIGATOR Theodore R. Merrell, Jr. 

A. SHIP SUPPORT For Intensive Study Phase 

1. Sampling areas: Hinchinbrook Entrance. Boat will need to remain 
in Con~tantine Harbor (Port Etches, Hinchinbrook Island) for 
7 days. Geographical Position: 60° 21 1 N, 146° 38 1 l~. 

2. Vessel will be used as a support facility while shore parties 
and diving teams investigate the community structure of 
Constantine Harbor and Nuchek Reef. 

3. Optimum time is during low tide periods. One trip per season 
(4 times per year) is anticipated. 

4. Eight days, including transit time from and to Cordova are required. 

5. Our investigation should probably be the principal one due to 
tidal constraints. 

6. We shall need two small 'skiffs. 

7. Approximately 1000 pounds. 

8. No. 

9. Only required chemical is formalin for preserving marine specimens. 

10. No preference. However, a small charter boat (50 1 -75 1
) would be 

most economical and would be able to navig~te the entrance to 
Constantine Harbor. 

11. Charter cost based on previous usage is approximately $750/day. 

12. Six persons. To be named. No foreign nationals. 
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MILESTONE CHART 

RU II: 78 ----------------- PI: T. R. Merrell, Jr. 

Major Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

lfAJOR MILESTONES 1971 ~lgl]:M-. --:---r-r-~.-.--.--:----r--
1----------------·----------·--t ~ N 0 ;-J~..:...F~t...:..·1~A!~•·. J . J A S Q N _D-r----1

1

. __ 
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~----------------------------------·----------~-;--r--r-+~1--~-t·--~ -1--r-1--+~--r-~~~~ 
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-t---t--t----t---t---i--+--r-~ 
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I
! 
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1--------------------------f---f-·1-·-1-------- --- --t-~f-i--+--+-1---t 
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SC:P 13 1977 

Dr. Herbert E. Bruce 
Project :Hanager 
Bering Sea-Gulf of Alaska 
OCSEAP 
P. 0. Box 1808 
Juneau, Alaska 99802 

Dear Herb: 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Northwest & Alaska Fisheries Center 
2725. Nontlake Boulevard'East 
Seattle, Washington 98112 

We were dismayed to receive your letter of August 30 informing us of a 
crippling reduction to $75K for RU 78, "Littoral Studies: Alaska and 
Bering Sea". With reluctance, we agree to the changes required in your 
letter, including elimination of field studies. But to make certain 
that you do not expect more than we can deliver, at this inadequate 
funding level, following are listed the "Deliverable Products" which 
we will provide: 

We will submit completion reports covering previous reconnaissance 
surveys, one each for the eastern Gulf of Alaska, Norton Sound, and the 
Bristol Bay-St. George Basin. These three reports will be submitted 
according to the schedule in our original proposal, provided that we 
receive the data on our samples from the University of Alaska Sorting 
Center on schedule. Responsibility for requiring the Sorting Center to 
meet their schedule commitments rests with the Juneau Project Office. 
The reports will follow the same general format as the Kodiak report, 
now being processed by the Juneau GSA printshop, but will be shorter and 
more concise. The reports will include site descriptions, descriptions 
of the distribution and relative abundance patterns of dominant organisms 
at each site, and species lists showing the distribution of species 
among sites. In our analysis of community attributes among sites, we 
will restrict our use of computer analyses to those which are of direct 
value to the interpretation of the data. Visual data products such as 
those shown in Tables 2, 3 and 4 of our original proposal, have not 
proved especially useful to interpretation of our data and will not be 
presented. 

Computer data will be submitted to NODC on the schedule in our original 
proposal. To save on expensive computer disc storage time, minor 
corrections in NODC tapes wil+ not be made after September 30, 1977 • 
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As a result~ the tapes will lack complete identification of some species 
of the following groups: Porifera~ Polychaeta~ Bryozoa~ Harpacticoida, 
and Ascidiacea. 

In our view, your decision to eliminate funding for field studies of 
nearshore biological co~unities is a mistake which will drastically 
diminish the value of previously collected survey data. These field 
studies are an important component of the OCSEAP Program Development 
Plan (Tasks E-8 and E-9 littoral communities) and their elimination 
will result in a serious gap in information required to assess and 
predict potential impact of oil development on livi·ng marine resources. 
on the.Alaska Continental Shelf. 

L. Alverson 
Director 

cc: Smoker 
O'Clair 
Merrell 
Rietze 
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 

Octs: Co:~tinental Shelf EI:<vircnmen~al 
RFx41-78-599 A::sessment Program 

Bs ·ir. J Sea-Gulf o~ Alaska Pro!ect Office 
!='. 0. Box 1808 
ht:1('1U, Alcska 9}2:02 
F'H: S<J7-526-I~32 

Mr. Theodore R. Merrell, Jr. and 
Dr. Steven Zimmerman 
NOAA, National Marine Fisheries Service 
NWAFC, Auke Bay Laboratory 
Post Office Box 155 
Auke· Bay, Alaska 99821 

Reference: (1) OCSEAP FY 78 Proposal Solicitation Letter dated 5/23/77 
(2) NWAFC Auke Bay Lab Proposal for OCSEAP Research Unit 

78, FY 78, dated 6/22/77 
(3) NWAFC/ABL-OCStAP Meeting of 7/25/77 

Gentlemen: 

Required Proposal Revisions for FY 78 

Your FY 78 renewal proposal, entitled "Littoral Studies: Gulf of Alaska 
and Bering Sea, 11 has been reviewed by the Jun.eau Project Office and dis
cussed at a subsequent meeting (References 2 and 3). On July 29, after 
our discussions on revisions· to your original proposal, OCSEAP was 
informed by the Bureau of Land r~anagement of a substantial budget reduc
tion for FY 78. This reduction in budget required a severe revision of 
overall program content, which affected the guidance given you during 
our meeting. The following additional revisions are required before 
your work statement can be sent to our Contracting Office for funding: 

1. 

2. 

The guidance funding level of $150,000.00 should be reduced·to 
$75,000.00, all of which should be used for the synthesis of 
existing data. No field work will be performed~ The revised 
funding level must not be exceeded. 

FY 78 efforts should consist entirely of the completion of inter
tidal data submissions and the production of final reports on the 
results of reconnaissance surveys conducted during the period 1975-
77. This will involve the final analysis, interpretation and 
reporting of intertidal and subtidal data collected in the eastern 
Gulf of Alaska, St .. George Basin, Bristol Bay, and Norton Sound. 
Separate reports should be produced following the milestone chart 
shown in your original proposal (Reference 2). We have contracted 
with the Institute of Marine Science at the University of Alaska to 
complete sorting of remaining intertidal samples. Sorting will 
proceed at a minimum rate of 25 samples per month, while sorting 
priorities will parallel the schedule for report production shown 
in your milestone chart. 
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3. With respect to personnel, the Project Office feels that it is 
desirable to have continued involvement by Dr. Zimmerman in the 
production of the final reports. The loss .. of his expertise and 

·familiarity with the existing data would markedly impact on the 
final reports, either through diminution of information content or 
through delays incurred by other investigators having to famil
iarize themselves with the data before making interpretations. Dr. 
Zimmerman • s involvement through sub-contractual arrangements by the 
Auke Bay Lab merits consideration • 

. 4. The 11 Deliverable Products•• section of your original proposal is 
acceptable •. However, please include the anticipated ranges of 
digital data products where applicable. 

The final funding commitment and level are contingent on approval of the 
FY 78 OCSEAP budget by the Bureau of Land Management • 

. 
If you have questions concerning any of the above guidance, please phone 
the Juneau Project Office, (907) 586-7436. 

Your letter agreeing to these changes, or a revised work statement, must 
be sent to end received in the Juneau Project Office, with a copy to 
Boulder no later than August 31, 1977. If there are extenuating circum
stances 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 78. 

Upon receipt of your work statement, revised in accordance with the 
above guidelines, we will initiate contracting procedures for FY 78. I 
look forward to your continued involvement in our program. 

Sincerely, 

Herbert E. Bruce, Ph.D. 
Bering Sea-Gulf of Alaska Project Manager 

cc: Program Office 
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C. Technical Proposal' 

I. Reproductive Ecology of Pribilof Island Seabird~ 

Research Unit: 083 

Proposed Notes of Contract: 1 October 1977 }.0 September 1978 

II. Principal In~estigator: George L. Hunt, Jr. 

III. Cost of Proposal: 

Total $80,922 

Distribution of Effort by. lease Area: St. George Basin 

IV. Background: 

In order to assess the impact of oil exploration, extraction and 

traDsport on seabirds of a given area, it is necessary to know; 1) the 

number of birds in the area, 2) their activity patterns (Hhere 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 spill~d oil will impinge on the bird populations in question. Since 

natural population 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 ~hat 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 popul'ation sizes for 

marine birds nesting in the Pribilof Islands and U.S. Fish and Wildlife 

Ser~ice studies have provided estimates of the sizes of colonies of 

seabirds in other areas contiguous >.Jith the St. (:;eorge Basin. Hhile all 

of these estimates could be further ~eflned to provide hard data for 

baseline comparisons, th~ present level of knowledge certainly allows us 

to know the areas supporting the major concentration of nesting seabirds. 

The Pribilof Islands clearly support one of tl1e largest concentrations 

of marine birds in Alaska, if not the ~orld. 
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Our efforts hnve and ~ill be directed toward delineating 

the reproductive and foraging ecolbgy of the seabirds of the Pribilof 

Islands. These efforts are colony based and have a.modest pelagic 

component conducted near the islands during the breeding season to 

determine major foraging areas used. Our studies are complemented 

by the work of. the U.S. Fish and Hildlife Service and Hr. 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 eventually 

also integrate the results of various fish and zooplankton studies 

that should allow us to relate at sea distributions of foraging seabirds 

to the distributions of their primary food resources. There efforts 

should culminate in the ability to model the Bering Sea Narine Ecosystem 

and relate the marine birds to other components of the system. To 

this end, a first step will he integration of our Pribilof Island data 

into a model developed by Dr. John \<]eins of the Oregon State Oniversity. 

Continuation of studies on Pribilof Island seabirds is required in order. 

to establish normal ranges of variation in timing, reproductive success, 

food habits and foraging areas used. 

V. Objc.:tivcs: 

The objectives of the proposed research are ~o: 

1. Determine the phenology of the seabir~s nesting on 

the Pribilof Islands in so far as timing of egg laying, 

chick hatching and fledging are conce~ed. 

2. Determine clutch size, hatching succe$, fledging 

success and reproductive output for Fuimar, Red-faced 

Coroorant, Black-legged Kittiwake, Red-legged Kittiwake, 

Cor..mon Hurre and Thick-billed Hurre. Ihese species are 

more accessible for study than others ~n the islands 

and the Kittiwakes and ~lurt'es account :'for the major port ion 
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of the biomass present. If time and opportunity perrni t 

data on other species such- as Horned Puffin and least 

Auklets will also be gathered. 

3. Determine growth rates of chicks and food used for all 

species for "1hich data can be obtained. 

4. Determine the distribution of foraging birds in the 

': vicinity of the islands. 
,. 

:r 

The Bering Sea is horne 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 normal stresse$ in the 

reproductive cycle occur will facilitate predictions of the possible 

effects of oil spills and disturbance on these syste:ns. Nesting seabirds 

are particularly vulnerable to spilled oil, as _they are tied to restricted 

areas by their need to incubate eggs or feed developing young. Young 

birds, newly departed from their nests, may also be unusually vulnerable 

to oil on the sea because of inco~plete developm~nt ~i flying ab~lity and 

inexperience in foraging. Thus it is.important to d~cument reproductive 

phenology. 
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Data on the foods and foraging areas used by seabirds will be 

coll~cted in order to determine in which ocean areas oil spills will be 

particularly da111.r-:1ging to Pribilof Island populations. Knowledge of the 

food chains upon Hhich the seabirds are dependent is also necessary to 

establish 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 is to gather detailed, in-depth 

data over a sufficiently long time-base so statistically valid compar~sons 

can be made between this area and the other areas on a contemporary basis 

and between this area now and later, after oil development is under way. 

Parameters of reproductive success and growth rates of ch]cks are sensitive 

indicators of environmental quality and population health and they are 

more easily and accurately measured than total population size. F~r 

these reasons, we are pursuing a detailed, thorough study of the Pribilof 

Islands colonies to provide a benchmark for future comparisons. 

Oil-related activity that may have a major impact on ~he birds includes, 

but is not limited to, exploration, especially by aircraft in the vicinity 

of colonies, drilling and producti~n 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 researth contributes to a baseline on reproduction and foraging 

ecology against which the effects of these impacts can be measured. 

The re.search is designed to provide a broad comparative baseline. To 

this end, studies will be conducted on both St. Paul and St. George Islands. 

The relative species composition on these two islands differs as apparently 

do the phenologies and reproductive success of some species. Species chosen 
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to study are those tdth the gr!?atest numbers present on the islands, as 

Hell as those for ,.,h:i.ch large amGunts of data can be gathered efficiently. 

Less effort is being. put into those species that arp. diff:fcult to t·lork 

Hith, thus yielding little data for the effort expended and that can 

be studied more readily in othei areas. 

VII. Sampling Methods: 

1. Rationale 

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 sites, and 3) variations in the age 

and experience of nes~ing individuals being studied. 

Variable 1, year to year variations 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 nest in each area. Tne number of separate sites 

to be chosen will depend on the dispersal of nests and on local conditions 

but at a minimum will include 5 sites on St. Paul and 3 sites on St. George. 

Th;:, number of nests to be studied in each area ldll be at least 15-20, 

if possible. so that individual variations and chance events will 

not unduly distort the results obtained. 

2. Reproductive Success 

Seabirds breeding on St. Paul Island either nest on cliff 

ledg~s or raise their young in holes a~d crevices in the cliffs or 

below ground among the rocks of boulder beaches. For those species 

which breed in the open (Fulmars, Red-faced Cormorant, Black-legged 
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and Red-legged Kittiwakes, Common ~nd Thick-billed Murres), data 

on reproductive success c~n be obtained relatively easily by 

observation of many nests at a time from locations at the top or 

bottom of the cliffs. Accurate data on the hole-nesting species 

(Tufted 2nd Horned Puffins, and Crested, Least and Parakeet Auklets) 

must be obtained by looking into each hole individually. 

The basic techniques for obtaining data· on the reproductive 

success of the six ledge-ne~ting species, and the Horned Puffin and 

the Pa·rakeet Auklct if time permits,\.,..ill 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 cl1icks fledge and 

leave the nest, or until total egg or chick loss occurres. 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 kit th .... akes and Thick-billed and Common 

Murres on both islands and for all Horned Puffin and Parakeet Auklet 

nests that we are able to study will be obtained by using a ladder 

at the bottom of the cliffs to reach into nests and nesting holes. 

This method, while causing some disturbance, allm"s m~re accur-te 

assessement of timing of laying and of mortality than visual 

observations above, as it is often hard to count eggs or tell when 

eggs are first laid or hatch under birds that sit very ti~htly. These 

nests will be identified by numbers painted on the cliffs~ 

In 1976 on St. Paul we used two methods to assess Murre 

reproductive succesi, to see whether or not our studies the previous 

year, envolving scaring birds from ledges, h~d had unanticjpatcd 

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 
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the birds' behavior whether· they were incubating eggs. brooding young; 

or v1er.e not breeding. In-1916 the use of black-and-\vhite 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 1978 vle will rely primarily on long, quiet observation 

to determine "nest" contents for Hurres,although birds on one or two 

ledges on each island will be scared off in order to obtain better 

data on phenology. 

On St. George in 1976 there were no small Common Murre ledges 

easily observable from the cliff tops. At the Staraya Artil study 

site a small ledge was reachable by ladder, and reproductive success 

was assessed by climbing up to the site, which disturbed the adults 

and caused them to fly off. Thick~billed Murres were studied in the 

same fashion. Disturbance at this site dfd not have the severe effects 

on hatching success as was found on St. Paul in 1976. We expect to 

continue ladder checks at this site in 1978, but also to use purely 

observational methods at other sites to facilitate comparisons 

with St. Paul birds. 

3. Growth Rates 

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 five species (Red-faced 

Cormorant, Black-legged and Red-l~gged Kittiwakes~ Common and Thick

billed }lurre) tdll be obtained by weighing chicks periodically, usually 

at least twice a week. Chicks will be individuaBy marked with numbered 
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plastic leg bands or fingerling fish tags, placed in cloth bags 

and \-Ieighed \vith Pesola spr1'ng scales (300g to Skg capacity, depending 

on the species and the size of the chick). The weight of the bag 

and of any food regurgHated by the chick \-Jill 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 pa tteri1 is a period of rapid and steady weight 

gain follm..red by either a plateau or a slight decline in weight 

prior to fledging. In these cases the grm-1th rate for the straight-line 

portion of the grmvth curve will be calculated by the formula: 

weight 
2 

- weight
1 

where the gain in weight bett,·een 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 gra~s and gain weight for 10-15 days. 

l-lany of them will reach a plateau or begin to lose weight when their 

contour feathers begin to grm.;r in. Then there is a second period of 

weight gain, sometimes follo\ved by a slight drop in weight just before 

the chick goes to sea. This pattern is not ah-1ays consistent. 

however; some chicks may not lose weight at all during the period 

of contour feather grmvth. \.Je have used and will continue to use 

for comparative purposes the number of grams per day that a chick 

gains during the first growing pha-se. 

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 will be more likely to survive than one which is light and has 
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little fat reserves. Our~ata for both species of }furres in 1976 

show a positive correlation.b~tween the number of grams gained per 

day until the first peak of growth and the lasx weight obtained 

before the chick leaves the island. Whei:1 possible \·le will obtain 

peak or fledging \veigh ts of young. 

4. Food Sampling 

Information on foods will be obtained in three ways: 

1) adult birds wUl be shot with a 16 gauge shot gun and their 

stomachs will be removed and opened, 2) chick regurgitations 

will be collected, 3) adult Least Auklets will be captured in 

mist nets, and their regurgitations collected. 

Early in the.season, before chicks hatch, about 5 adults 

each of Black-legged Kittiwakes and Red-Leg Kittiwakes, Common 

Hurres, Thick-hilled Hurres, and Red-faced Cormorants will be collected 

weekly. Alcohol will be injected into their stomachs upon shgoting 

and stomachs will be removed, preserved in 80:~ ETOH and shipped 

to the laboratory in Irvine for analysis. 

As the field season progresses and chicks begin hatching, 

we will be able to obtain food samples from Red-faced Cormorant, 

Black-legged Kittiwake and Red-legged Kittiwake chicks. Chicks 

often regurgitate while being weighed, and during August .and September 

samples from tht!se species \.Jill be obtained primarily by this method 

of collection, rather than by shooting. ·. l..'e will continue to shoot 

Puffins, Hurres, Cr~sted and Parakeet Auklets during this time, 

when they are observed carrying food, but samples from Least 

Auklets will be collected by mist-netting adults returning with food 

for their chicks. A bir4 contajning food in its gular pouch 

will regurgitate as soon as it hits the net. 
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Food samples wilLb_e preserved in plastic Whirl-pak 

bags in 80% ethanol, and lahf;!~ed as to sample number, species, 

island 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 % occurence 

basis. For the purposes of the annual report, foods taken by 

a bird species over the entire season ¥ill be treated together. 

As additional years of-data accumulate it will become possible 

to analyze separately foods given to young and those consumed by 

adults prior to the chick stage. 

5. Distribution of Foraging Seabirds: 

We propose that three sets of radial transects be made during 

the 1978 breeding season: 5 days each, May 8 - 1.2 ± 8 days, 

August 10 - 14 + 5 days and September 13 - 17 + 8 days. This schedule 

will allow cen.susing as the birds·- are seUng up nest sites, at the 

peak of Nurre' chick-feeding activity and as the birds are dispersing 

with newly fledged young, respectively. Ship tracks "'ill cover 

thosr proposed for 1977 subject to revision pending 1977 results~ 

plus filling in areas where data are lacking. 

Each cruise will be u1anned by three bird observers; one 

to take a hard copy record and two.to make observations in shifts 

or simultaneously if bird densities were high. This system proved 

most successful on our recood Moana Wave_cruise in 1976 and will be. 

used on the 1977 cruises. 

Observations will be made as continuously as possible 

'from dawn to dusk, depending upon weather and sea-stata. Segments 

(tr~nsects) will bt! begun every 10-15 minutes and at the com:nencement 
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of each segment location ,and environmental data will be recorded. 

Counts of birds \,"iJ.1 be made out to 300 meters from the 

ship, grouping birds into three 100 meter zones. Observations will 

0 
be recorded from directly ahead to 90 off one side of the ship, 

the side being chosen for maximum visibility. Note will be taken 

of flock composition, numbers, activity (e.g. on vrater, flying, 

foraging), and if flying, flight direction. This method of counting 

may result in overestimates of· density of flying birds (because 

the count for an entire segment is not instahtaneous, birds continually 

fly in and are added to the courit), but it will be consistant with 

previous censuses and will give good relative abundance information 

as well as data on flight directions. 

During all transect~, care will be taken to ensure that 

observations are of a natural situation a-nd not of a situation 

influenced by the sh:i.p' s presence in the water. Garbage and refuse 

will be dumped only at the compl~tion of the observations and a 

radar watch will be kept for foreign and· do~estic fishing vessels 

within the radar range (SO nautical miles). Effort was made not 

to count circling or follmving birds more than once, 

VIII. Analytical Hethods 

No elaborate analytical methods are used in this researc.h. 

Data on phenology, reproductive success, growth rates and food habits 

are compiled by straight-forward methods as outlined above. Differences 

bet'ln·een sub-colonies, islands or years tvill be tested using appropriate 

parametric and non-parametric statistics. 

IX. Anticipated Problems: 

Based on our first tw? years of experience and the beginning 

of the third field season, we anticipate no major problem~ with the field work. 
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Prob).(!ffiS may develop if housin,g costs are again incrc~as(':d by National 

Marint~ Fisheries after the concl1;1~.:lon of contract negotiations or if 

wash and storage space on St. Paul cease to be available to us. There 

is little ,.,e can do about these potential problems until such time as 

they arise. 

Our biggest potential problem is data management for A.D.P. 

\~ithin our research group He have neither the man-pO"i·le-r nor the expertise 

to effectively transform our data from field data forms to punch cards 

as tapes. Two options appear to be open to us. One is to go to a 

commercial firm with our data and pay to have it punched and verified 

and subsequently checked by us. Judging by the experience of Hike 

Crane's staff, outside punching firms are likely to produce files 

rife with errors. A second alternative, tentatively verbally agreed 

to by Hike Crane and the June:au Project office is to have Hike Crane's 

office punch our data and for us to then proof his efforts. I feel 

that this will be more efficient and cost effective for the project. 

Punching without verification in California of 26,000 lines (estimated 

of $6.15/line by Hike Crane) would cost approximately $39000. ~~ith 

verification and corrections costs would probably more than double. As 

a more drastic solution, I would favor cutting v.my back or dropping 

most colony data from the A~D.P. files, and instead rely on summaries 

or n?rrative reports and the tables and charts therein. At sea transects 

could also be reported in summary form. .Host if not all of the data 

relevant to O.C.S.E.A.P. could still be retained and the data processing 

could be cut by 20 or 30 fold. 
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)~ 'Qt~llverable; Product:;: 

A Digital Date 

Parameters "that will be collected ~nd submitted: 

Bird colony Q35: 

Record Type A 

Record Type B 

Record Type G 

Station nur.~ber 

Latitude 

Longitude 

Start date/time 

End date/time 

Sample date/time 

wind direction 

wind BReed 

sea state 

\-leather code 

visibility 

Sample date/time 

Taxonomic code 

Egg number 

Endoparasites 

Ectoparasites 

Egg mortality 

Chick number 

~hick weight before sampling 

Chick weight after sa1npling 

Food sample nur.~ber 

Chick mona lity 

Band nuraber 
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Rccor.d. Type H 

Record Type J 

Station mnn'Qer 

Sample data/time 

Taxonomic code 

Sex 

Age class 

Food present 

Food sample number 

Endoparasites 

Ectoparasites 

Gonad-size 

Whole body weight 

Fat classification 

Station number 

Sample date/time 

Taxonomic code 

Food sample number 

Naterial code 

Food sample Taxonomic code 

Food quantity 

Weight of food sample (\-let) 

Displacement volume 

Representative length 
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Record Type F 

Ship Census 033: 

Record Type 1 

Station m:.imtier 

Snmpl e da te/t1.me 

Taxonomic code 

Station type 

Number of eggs 

Number of chicks 

Egg mortality 

Chick mortality 

Total number of incubators 

Total number of adults 

Total n.umber of nests 

Egg mortality cause 

Chick mortality cause 

Station number 

Start latitude 

Start longitude 

Start date/time 

End latitude 

End longitude 

Elapsed time 

Time zone 

Speed made good 

Course made good 

Platform type 

Sampling technique 
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Record Type 2 

Record Type 5 

Ship ac tiv{ty 

Photo taken 

Width of transect 

Angle of view 

Observing condition 

Distance made good 

Station number 

Bottom depth 

Surface temperature 

Surface salenity 

Dry bu!b temp. 

\Hnd direction 

Wind speed 

Swell height 

Weather code 

Visibility 

Dis.tance to nearest shoreline 

Station number 

Time 

Taxonomic code 

Species group 

Age class group 

Color phase 

Number of individuals 

Counting method 
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Reliability 

Distance measurement. type 

Platf6rm to birds distance 

Direction of flight 

Association type 

Multispecies link 

Number of species participating 

Behavior code 

Special works 

Food source association 

Taxonomic code for food species 

Debris code 

Oil cdde 

Distance from nearest breeding colony 

Habital code 

2. List of Digital Products 

It is our plan to submit punching compatible field data sheets 

and code forms to Mike Crane's office throughout the field season. At 

the termination of the fi~ld season we w~ll proof his listings of 

' cards punched and prepare data documentation forms. In this manner 

it is expected that most data gathered in FY 77 will be punched in FY 77 

rather than in FY 78 as originally planned and that FY 78 data will be 

punched primarily in FY 78. Because of field committ~ents on this project 

through the end of September 1978, we will still require additional 

funding in ·FY 79 to complete submission of FY 78 data as has been the 

case in the past. See Table 1 for details. 
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Data Type 
(ie. Intertidal, 
Benthic Organisms, 
etc.) 

Ship board survey 

Bird Colony 

Ship hoard survey 

Bird Colony 

w 
\0 
\0 

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

Cards 

Cards 

Cards 

CardH 

TABLE 1 

Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

7,500 

17 '000 

12,000 

17,000 

OCSEAP 
Format 
(Tf known) 

033 

035 

033 

035 

Processing and 
Formating done 
by PI 

(Yes or No) 

In part 

In part 

In part 

In part 

Collecting 
Period 
(Month/Year to Honth/Year) 

May 77- Sept 77 

~fay 77 - Sept 77 

N:ly 78 - Sept 78 

May 78 - Sept 78 

Submission 
(Honth/Ycar) 

January 78 

Jam;ary 78 

Jnnudry 79 

January 79 



B. Narrative Reports: 

At present I do not anticipate g~nerating any special reports 

other than the standard quarterly and annual reports. If the opportunity 

is available vlC w,ould be interested in synthesizing reproductive data 

£or Kittiwakes for all Alaskan colonies studied, thereby expanding in 

the pilot synthesis att~mpted last year. This could again be submitted 

as an appendix to the 1 April 1978 annual report. 

The narrative report v1ill contain information on reproductive 

ecology, phenology, foraging areas, and food habits. Life history data 

on selected species will included tvhen appropriate. 

C. Visual Data: 

We do not expect to produce visual data other than those contained 

in the quarterly and annual reports. Visual data to be included in the 

1 Apri.l 1978 annual report includes but will not be limited to: 

1. A map showing locations of subcolonies selected for study 

(Fig. 1) 

2. Charts showing seasonal changes in ~te use of colonies for 

selected species (Fig. 2) 

3. A chart showing the overall use of the Pribilof Islands 

by birds (Fig. 3) 

4. Flight directions to and from major foraging areas for 

selected species (Fig. 4) 

5. Tables showing hatching suc.cess., fledging success for each 

major species (Table 2) 

6. Tables comparing hatching success, fledging success, and growth 

rates for each major species on the t\-.'0 isl.:tnds and for the 

three years of the study (Table 3) 
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7. A table giving foods hnbits of each major species (Table 4) 

If data arc adequate food habits l-lill be broken down by 

adult vs. chick and for male and fcma,le. 

8. Figures shm·Jing sightings of each of the major species 

or species groups at sea on foraging areas. (Fig. 5) 

and on water (Fig. 6) 
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Fig. 2. Ti~ing of breeding cf Black-l~gged Kittiwakes 1975-1976 
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PRESENCE OF· EGGS AND CHICKS IN NESTS OF SEVEN 

SPECIES OF SEABIRDS ON ST. PAUL ISLAND, l975 ~l 1976 

RED-FACED 
CORMORANT 

LEAST 
AUKLET 

THICK~BILLED 
MURRE 

COMMON 
MUI~RE 

BLACK-LEGGED 
KITTIWAKE 
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KlTTlWAi<E 

HORNED 
PUFFIN 

I MAY 

0 CHICKS 

~// EGGS 
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·11 incubated 
llt'Hl!:i 

II nt~st:-; with 
kn<swn eluteh 
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i! Vl' r:l)',l! 

clut:cll sl.zo 

~.;Is i du-; hu! dwd/ 
t~)~g lnld 

chi <:kfi r J l!t!"gl'd/ 

<'hicks ha Lchctl 

<:It f ck~; Sl'(!ll/ 

'I!H:ulHI Led n.L~s t 

c:!tlcks flvdgt.:•d/ 
irH:ui>u tetl nest 

cis I e!u; f I Pdgt·d/ 
pgg lirld 
(l<nowu d.utc!J) 

chick:; flt-d)'.t!d/ 
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TABLE 2 

REPRODUCTIVE SUCCESS 

BLACK-LEGG!!...: KITTIWAIU:S - ST. PAUL ISLAND 

Tsammana T!:llllllnJ<lna f{us h Gun 
North South G;:J?. En!!'} a.££!!.1~ --- --~-

69 20 .18 13 

55 18 14 . 9 

55 12 11 7 

] ·''5 1.50 1. 6t. .1. 26 

.50-.55 • 72--.83 ·.so-.83 .4t,-.ss 

.59-.65• .60-.69 .69-l.OO .,l10-. 50 

. 73 1 • 00. .79 .77 

.47 .61 .71. .33 

. 3] • 33 .50 .22 

• JH .55 .23 

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

1976 

Ridge Total 
Wall 

35 155 

26 122 

9 94 

1.33 1.46 

.67-.92 .54-.66 

.55-.75 .58-.70 

.65 ; 7f) 

.58 .53 

.58 • 36 

.43 .42 



ThDLE 3 

REPRODUCTIVE BIOLOGY 

BLACK-U~GGED KITTIHA!~E - PRlBILOY ISLMiDS 1975-1976 

St. Paul 1975 St. Paul 1976 ~t. Ge~_rgc 1976 

Total nests 
studied 

If nests knm.,.n 
clutch size 

_average clutch 
size 

chicks hatched/ 
egg laid 

chicks fledged/ 
chicks hatched 

chicks fledged/ 
egg laid 

chicks fledged/ 
nest _\-:ith eggs 

chicks fledged/ 
total nests 

average grm,•th 
rate (g/da~ g3ined) 

If chicks \,•ith 
gro\,•th data 

185 • 

87 

1.44 

0.57-0.67 

0.57-0.68 

0.38 

0.54 

0.44 

17.9 + 3.4 

34 

407 

155 36 

94 22 

1. 46 1.36 

0.54-0.66 0.67-0.80 

0.58-0.70 0. 71-0.85 

0.36 0.57 

0.53 0.75 

0.42 0.58 

12.8 + 4.9 11.5 + 2.6 

33 24 



TABLE 4 FOODS t:SED GY Rim-FACED CORHOi~A . .:.'HS 

ST. ~~UL ISLAND. 1975 - 1976 

4 Samples* % Sarrrp 1 es;:· :.~ Volume 
1'975 1976 n;1 1975 -

Sample size 38 65 l803ml 

Foo<! Types 

}Iarine worm 2.6 0.0 0.1 

Mollusca (not squid) 7.9 7.7 trace 

Isopoda 0.0 3.1 0.0 

Amphipoda 36.8 33.8 4.2 

Gar:.u:aaridea 31•. 2 27.7 3.9 

Hyperiida 2.6 3.1 0.2 

Parathemisto libellula 2.6 1.5 0.2 

Euph.ausiacea 2.6 o.o trace 

Decapoda 65.8 53.8- 12.8 

Shrimp 52.5 34.6 8.5 

Lebbeus polaris 27.7 

Lebbeus groenlandica 9.2 

Argis eras sa 7.7 

Crab 52.6 35.4 3.7 

Dematuras l!i.?..ndtii 18.5 

Haplogaster spD. 6.2 

All Fish 92.1 95.4 66.5 

Ronquil Jcrdanii -- 1.5 

Hyo:wceohalus 1.5 

* %· of Sa.nples in which iood types occurred 
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% Volume 
1976 

1783ml 

0.0 

trace 

0.1 

2. 2' 

0.4 

0.1 

0.1 

0.0 

13.5 

7.1 

6.4 
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0.4 

3.7 

1.3 

1.4 

83.2 
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0.9 
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D. Other ~on-Digital Data: 

At present we do not anticipate submitting other non-digital 

data. 

E. See Data Products Schedule (Table 1) . 

XI. Information Required from Other Investigators 

No data will be .required of other investigators to complete 

the proposed work. However, it \..rill be im~ortant to obtain data on 

the distribution and abundance of major food .species used by Pribilof 

Island seabirds. Also, we vmuld be interested in data on Kitth.rake 

reproductive ecology so that we could synthesize information for this. 

species throughout Alaska. Such a synthesis would put into perspective 

the data obtained from·each separate colony or lease area. 

XII. Quality Assurance Plans 

Since we do not us.e instruments (other than binoculars and 

a camera) in our work there is no need for inst~ument calibration. 

Colony techniques are standardized and involves straight-forward writing. 

Intercalibration of at-sea surveys is almost impossible, as the greatest 

source_of variation is observer skill and fatigue and next probably is 

observation conditions. The best intercalibration would be to put all 

OCSEAP observers on the same ship at the same time and compare results. 

Since that is not fe~sable~ data will have to be treated as approximate, 

which is also reasonable in 'light of the mobility of the birds in question. 

XIII. Special Sample and Voucher Specimen Archival Plans: 

No special specimen archival plans are ant~cipated. We have 

inquired about archiving bird specimen and food sacples collected during 

the project and hnve been informed by the Jt;,neau Project Office that there 

is no interest in keeping these specimens. Most bird skins and skeletons 

have been given to museums; ~tomach contents are still being held. 
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LOGISTICS ·>REQUIRE:·IErrrs 

Please fill in all spaces or indicate not applicable (N/A)., Use additional sheets as 
necessary. Suc;:t ~-~~r.: ite:::s :::o~c::;rni·n::; l'Jgis~ic-.:; S"h:::uld ~-= k<?.j"!ti t'J the r::~l~'H!'lt it'::r-1 
described on these forms. 

INSTITUTION . University_of California,IrvinePRINCIPAl INVESTIGATbR George i. Hunt, Jr. 

A. 
L 

2. 

3. 

4 

5. 

Si-ii? S!JPPORi 
Delineate proposed tracks and/or sampling gnas, by leg:. .. on a chart of the area. 
Include a list of proposed station geographic positions. 

See attached sheet· (Fig. 7) and Table 5 . 
Describe types of observations to be filade on tracks and/or at each grid station. 
Include a description 6f shipboard sampling operations. Be as specific and com
prehensive as possibleo Di"Cect visual observations of birds will be made continuously. 
At the start of each 10 minute segment we will require a position fix, sea surface 
salinity and temperature. depth from surface to boet;om and true wind· speed and directior. 

' . 

~/hat is the optimum time chronology of observations on a "leg and sec:sonal basis 
and what is the maximum aTlm·tab1e departure froni'these optimum times? (Key to 
chart prepared under. Item l 'rthen necessary for clarification.) Times of cruises 
are keyed to the reproductive cicle of the birds. The first leg should be 8-12 Hay + 
8 days, the second 10-14 August + 5 days and the third 13-17 September + 8 d~ys. -
Hm·i many sea days are required .fgr each leg? (Assurr: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 includ~ a weather factor.) · 5 days 

Oo you consider your investigation to be the principal one for the operation thus 
re~uiring other activities to piggyback or could you piggyback? Mine should ~e the 
Principal Investigation during the 5 day legs. 
Approximately how many vessel hours per day Ni1l be requil~ed for your obsen1ations 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processing time betNeen stations. l-le 'l.dll use all day light hours 
availables weather permitting. This will range between 12 and 14 hours • 

. ,,, ·--=9-.-,...,\~ ..... i'l...-1-... -._,-,_.u rcqlli re any gasses and/or chemica 1 s? no if yes, they shoui d be. en 
board ~he ship prior to departure from Seattle or time allowed for shipment by 

'--~~~b-~a~r~q~e_. ~------~-~----~------~~--~~--~----~~~--~~--.. --~----------~· J 10. Do yo;_; riave a ship preference, either iWAA or non-r\OAJ\? l f "yes" p-1 ease nai;:a the j' 
vessel and give the reasc:.n for so specifying. no 

.,~~-=--
11. lf you ~ecom~end the use of a non-~OAA vessel, what is the p~r sea d~y charter 

cost ar!G h;,;ve you ·verified its availabjlity Not applicablt: 

12. 



~----------~------------------~------~-------------~-------------------------------0. Qt:A'...;.!:;";:~\.S: .:....::0 .SU;.).S'.i:.3"!.':::L\C~ SU~?U"'T,: 
·--r i..;n2.c are your requirem~nts :r:or· quarters and subsistence in the fielc!. L!.r~a 1 

1
(These. requirements should be brok~9-)lovn by (a) location, (b) calendar period» 
(c) nUi.::ber of personnel per day and total oan -days per pet:iod) 

St. Paul Is. 1 ~Iay - 31 Hay 3 persons/day· total person/days - 93 

St. , Pa.ul Is. 1 June- 31 July 2 persons/day total person/days - 122 

St. Paul Is. 1 Augt;tst - 31 August 3 person/day total person/days - 93. 

St. Paul Is. 1 Sept. - 30 Sept. 2 per§on/day total person/days - 60 

St. George Is. 1 June ...,. 30 Sept. 1 person/day total person/days - 122 

Total Person Days l;90 

2. Do you reco!lll!l.end a particular source for this support? If "yes" please mune 
the source and the reason for your recor."'.B.endation. Yes. Quarters have been 

available through National Marine Fisheries Service during the summers of 1975, 1976 ?nd 
1977. He have been· assured they will' be available in 1978. Food is both shipped fro;;n 
Seattle and purchased on the Islands. 

L.--~~~--~--------~~~--------~------~-----------------------------~------~ 3 • . Whut is your estimated per man day cost for this support at each location? 

We estimate person/day costs at $15/day/person on St. _Paul and 
$15.00/day/person on St. George_ 

How did you derive this figure, i.e., what: portion represents qua!"ters and \-.'h<lt 

portion repre.::::ents subsistence and is the figure based on es tab.lished cor:-~ercial 
rates at the location or on est~mated costs to establish and maintain a field 
camp? 

We estimate the cost of food on the Islands ·at $7/day/person . 
. The cost of housing on St. Paul will average $8.42/day/person 
The cost of housing on St. George will average $8. 20/day /per·son 
Housing rates are fixed by National Harine Fisheries Service. 
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day 4 1 start 57° 17'N 172° 48'H 80 miles H. of s i:. Paul 

2 57° 13 'N 170° 25'W N\L Pt. St. Paul Is. 
·. 

58° 170° 3 end JO'N 2S'H 80 miles N of St. Paul 

day 5 1 st:>rt: 57° 12'N 170° 07'W No. of N.t. Point, St. Paul 

2 57° 5l'N 169° 06'W 50 miles NE of St. Paul 

3 57° lO'N 168° Sl'H 50 miles E of St. Paul 

4 end 57° 07'N 170° J.7 I~~ at St. Paul 
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XV. :1-'fanagement Plan: 

The project >·Jill be. man'aged in essentially the same way it 

has been in past years. Barbara Mayer who.present<iy has a year and 

a half experience on the project \·dll su,pervise the 1977 data work-up 

and will be in charge of food analysis and planning for the 1978 field 

season. She will not, however, be going into the field for the 1978 

field season. 

Two of our other three present island staff will help Ms. Nayer 

in the work-up of the 1977 data and the preparation for the 1978 fjeld 

season. One of these individuals will be in charge of the St. George 

[fort, the other in charge of St. Paul. The second staff member on 

St. Paul in 1978 will either be one of our present field staff or a 

newly recruited individual. Thus for the 1978 field season we will 

have one person on St. George and tt.:o people ·on St. Paul. 

The Principal Investigator will have overall responsibility 

for scientific guidance, program rna nagement and will participate in 

the writing of the 1977 annual report. He ~ill participate in field 

't-lork during the month of August 1978. 

During the 1977 field season our entire effort will be directed 

to~ard gathering data. Upon return from the field in October 1977 we 

v.1ill simultam~ously analyse the data and proof the punched data sent 

to u~ by Hike Crane's office. Similarly in 1978 from Nay through October 

we will gather data with all hands in the field. After we return from 

the field in October, we will analyse data and proof the punched data 

as it is sent back by Mike Crane. 
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I XVI. Outlook: 

1 and 2) Continued ba!:;-ciine rE!search on the Prihilof Islands 
' 

is important for two reasons. First, the Pribilof Islands support one of 

the largest concentrations of seabirds in Alaska, if not the world, and 

the major part of the birds are alcids, a family of birds notoriously 

vulnerable to disturbance and spilled oil. If there is to be any development 

of oil extraction in the St. George Basin, apparently an important foraging 

area for Pribilof Island Hurres, Red-legged Kitth1akes and Fulmars, or if 

there is to be significant tanker or support vessel traffic (related to 

more riorthern lease areas) in the vicinity of the Pribilofs, then it will be 

essential to be able to monitor the effect of these activities on Pribilof 

seabirds. 

Secondly, our studies on the Pribilofs, now in their third year, 

represent one of the largest running and most detailed baseline studies 

of Alaska seabirds. The length and thoroughness of this study provides 

an almost unique opportunity to develop a hard data base, showing normal 

variability, and providing a base against which other shorter-term or 

less intense studies may be compared. For this reason, as well as because 

the Pribilofs are such an important seabird nesting area, I feel that the 

present level of studies, given the amount of variation we have seen to date, 

should be carried out through the sun1..rner of 1979, that is for five field 

seasons. 

After the first five years of baseline study are complete, I feel 

that effort could be sontewhat reduced and that thereafter, until oil related 

activiti~s ceased, a monitoring effort, coupled with special studies designed 

to fill data gaps in modeling efforts would be an appropriate level of effort. 

The objective of the first. plnteau - com?letion of the baseline, 

would be. to determine a first approximation of the range of natural variation 
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i6 1) timing of breeding, 2) reproductive success, 3) growth rates of 

young and 4) types of foods us~d by the se?birds of the Pribilof Islands. 

A fifth objective would be to determine the major foTaging areas that 

support these vast numbers of birds during their nesting season. With the 

present level of research effort these first level objectives should be 

accomplished by the end of the 1979- field season. 

Data products for the first major plateau would be range, mean 

and standard de_viation from phenology, reproductive success and grmvth 

rates for Red-faced Cormorant, Black-legged and Red-legged Kittiwake 

and Common and Thick-billed Murres for both St. Paul and St. George 

Islands. Food habit information would be presented by year, and data 

for rill years would be ~ombined and then examined for differences in 

foods used by adults and fed to chicks, and "rhether males and females 

used different types bf food. Data on foraging areas will be expressed 

as the mean and range of densities of birds encountered in 10' x 10: 

sections of latitude and longitude. ~.Jhen appropriate, flight lines 

between the islands and foraging grounds will be delineated, and birds 

seen on the water foraging will be separated from those recorded as in 

flight. 

As part of the final years of intensive baseline study, two 

short term projects should be integrated into the program. The first 

would be a study of the metabolic demands of growing chicks and adult 

birds. This information, generalizable throughout Alaska, will be 

useful for ~odeling by fi~ing food demands and by determining the sensitivity 

of young birds· to exposure or short-term deprivation of _food, as might 

occur with either disturbance or an oil spill.-

The second project would involve one or two intensive one to. 

two week cruises combining bird observations with plankton and fish sampling. 

418 

-'1" 

' 



T 

j 

I 

The objec tivc of such cruises \Wuld ·be to cstabfish the degree to which 
• 

bird· foraging distribution reflects the distribution of critical food 

resources. Such an integrated program wi.ll most profitably be carried 

out once we have analysed the major portion of DUr data on food habits 

and foraging areas. With these data jn hand, an integrated cruise could 

be planned for maximum efficiency in the usc of ship time. 

The second level of study should continue as long as oil 

related activity occurs in the vicinity of the Pribilofs, or for as long 

as the Pribilofs prove a useful bas~ of comparison for work alone in 

other ~reas. For this monitoring phase it will be appropriate to have 

either one person on each island or perhaps two people on only one island. 

During this phase effort should be concentrated on obtaining data from 

modest samples of 3-5 species, Black-legged Kitth;ake, Red-legged Kitth·1ake 

and Thick-billed Hurre, \vith data being taken on Red-face-d Cormorant and 

Cormnon Nurres as time allm·:s. In the monitoring phase, effort should be 

directed toward determining phenology, Feproductive success and growth 

rates. Food habits date should be t~ken as a means of checking general 

trends in relation to ecosystem modeling efforts. 

Of high priority in the minitoring phase will be Bhe development 

of long-term research on the dynamics of majo:r populations. Virtually 

nothing is known of natural rates of mortality, age at first breeding, 

the size of the floating non-breeding populations or site tenacity for most 

Alaskan seabirds. Knowledge of these parameters is essential if the 
\ 

effects of an oil spill are to be predicted. To this end, studies 

of individually mar::-:ed birds and color banding of large numbers of young 

should be emphasized. 
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X\lii. 1. Updated Activity/Hil!:!l:!Lone/Data Hnnagement Charts will be subrn.itted 

quarterly. 

2. Quarterly reports will be submitted in stifficient 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 con~erned, all species and higher categories 

\-Jill be represented by the voucher specimens that will be 

preserved, labelled, held, and shipped to an official OCSEAP-

designated repository in conformity lvith OCSEAP voucher 

specimen policy. Vouchering will include life history stages 

(E.G., larvae, j~veniles, 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· 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 OCS~~P, 

accompanied by a data documentation form (NO.~\ 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 requirements (see par. 2) . 

. 
7. WithiQ 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 Hanager. 
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B. Title for all property purchased with OCSEAP funds remains 

with the U.S. Govcrnf!le.n.t pending disposition at contract 

termination. 

9. Three (3.} copies 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 for information 

and for fon1arding to BUL The telease 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 wi:U acknowledge BLN/OCSEAP sponsorship. The 

following ackno~1ledgment is s t~ndard .' 

"This study was supported by the Bureau of Land 

:Hanagement 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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D~rte: 

To 

From: 

RFxt~l-83-829 :····:-

i •, ~ ·: • • , . I : ," .) 

~· ~ ~ ..:· •'•, -, .. -' -
Rudy Eng~lrnann, Dh·ectof ;--~:- ··;~;i ·::~ · -;.;:·::: 

OC.SEAP, ~.Alf1..~ka P1·ogram Office, Boulder 
.. (,· f. 1 I r''}J ,/ 

; I~ ·'1 ·Jl,._..,_. ·~. ?-'I ~_,!--• .... -< ,t_... 
l;lerbe~·t E-. .:.:.&rt:ce, 1)1a nager 
OCSEAP, Juneau Project Office 

Subj: OCSEAP Research Unit 83. 

Reference: (1} FY 78 proposal, R.U. 83, dated 1 July 1977 
(2) G. Hunt 1 tr. of 2 August 1977 
(3) G. Hunt ltr. of 6 September 1977 

Required FY 78 Contract Revisions, R.U. 83 

George Hunt's contract must be modified to include the provision of 
internal data rnanage~ent. This will entail modification of text and 
supplementary-fun-ding, as outlined belm·J. · 

l. An additional $20,954 will be 1·equired, bringing the total cost 
to $95,933. 

2. Cost Proposal categories CPF-1, CPF-2 and CP shou1d be·· 
modified to reflect the additional salary, benefits, travel, and 
supplies and e~penses shown in the enclosed letter (ref 3). 

Enclosure 

cc: 
L. Jarvel a 
Files 

425 



l>H~\:rt·~~;;:-;T OF J':~OWGY·AND 
E\"Ol.t-fiONo\RY llll>!.OGY 
SCHOO!. 0<' lllCI.!JG;CAL SC!El\'CES 

Dr. Herbert Bruce 
:1\0AA-OCSEAP 
Juu~au Project Office 
Post Office Box 1808 
Jurwau, Alaska 

Dear Dr. Bruce: 

l!WJNE. CAUFORNIA 92717 

6 September 1977 

T4is request for revised funding is in response to my meeting wlth Francesca 
C:i.va, Laurie Jarvela and Hike Crane in \.Jhich it \..ras decided that we should take 
care~ of all of our data coding, card punching and data management at U.C. Irvine 
r<!tht..!r than rely lng on Mike Crane's office as I had o1·iginal1y planned in n:y contract 
proposal. At this meeting it '"as suggested that it t.:ould be most cost-efh~ctlve 
to hire a full--time person to manage our data on a year-around has:is, and t:hn': 
th i~ person should accompany us to the Pribi1<;>fs to aid \·7ith data nmnage!:!EHlt aad 
preparntion in the field. In addition, based on the amount of data tve have gt~nerated 
it was agreed that I should request an additional $5,000 for card punching servJces. 

Thus, th€:1 additional costs that should be added to our contract.,. are as follO\,·s: 

Personnel- Lab Assistant I, full time 1 Oct. '77- 30 Sept. '78• 
Fringe Benefits 

$9,015 
1,803 

Travel- 1 round trip, Irvine, CA-St. Paul Is., AL 
including 3 person days in Anchorage 950 

900 60 days per diem @ $15/day 
Supplies and Expenses - computer card punching 5, OQ_Q. 

$17 ,(,68 
Ove~hend @ 18.6%MTDC _h2S6 

Total increase 20~95~ 
Previously requested amount _]_~_29_79_ 

Revised total amount requestcd_$95,933 
Tit:tnk you for considering this request. 

Sincerely, 

.... :.. ·" 
<:.. .. < . . . -c-._ . .:-:·~ .... .;:.. .• ...,,. . .R..- ,. ... , .. 

"~ ·... ·' 
George L. •hunt, Jr. 
Associate Prof~ssor 

,\;•i':"(•V~LJ.:. .. • : -'· .. ·/ r --, .'· tff 1--;:-t-t_--.. ·/-~:!:. .:~:LL..L ___ ;.'.i.E • ..::'-v. __ ~--
!'c. ,. r !L At sat t 

.. ;d::.7~ix·_/;/·~-~---· ______ _ 
Ho· .. !~~ nl A.· Schncider:.nn 

,\.·ting Clwi.rmnn Dean, Biolo~ic.al Scic•H:t•s 
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UNIVERSITY OF CALIFORNIA, IRVINE 

IlEJUU::u::Y • ))AVIS • IRVINE > LOS ANGELJ::S • :ru:vERSIDE • SAN DIEGO • SAN FRANCISCO SANTA BA.RBAfu\. • SANTA CRUZ 

DEPARTMENT Of ECOLOGY AND 
EVOLtiTIONARY BIOLOGY 

ffiVINl!, CALifORNIA 92117 

SCHOOL Of BIOLOGICAL SCIENCES 

Dr. Herbert Bruce 
NOAA - OCSEAP 

2 August 1977 

Juneau Project Office 
Post Box 1808 RE: Continuation of 03-5-022-72 
Juneau, Alaska 99801 

Dear Dr. Bruce: 

I am herewith submitting the rev1s1on to my FY 1978 Proposal for 
studies of the Reproductive Ecology of Pribilof Island Seabirds (RU 83) 
as requested by Laurie Jarvela. 

* 1. The total amount of funding requested is $7/.j, 979 
not $80,922. The higher figure represented the 
anticipated cost had the University of California 
indirect cost rates been adjusted as expected. Since 
the negotiations for the cost increase were not 
completed a.t the time the proposal '~as submitted the 
amount requested was adjusted to reflect the original 
level. 

2. The question of Data Management is recognized as 
still subject to negotiation. If Nike Crane 1 s 
office is not going to provide punching services, 
it is understood that NOAA will provide additional 
funds, in an amount to be negotiated, to cover the 
cost of punching the data for A.D.P. 

3. We will use NOAA taxonomic codes revised as of 
~furch 1977 for the submission of our data. 

4. A representative selection of voucher specimens 
of food items obtained from bird stomachs \vill be 
retained at the University of California, Irvine 
and will be available for archiving by N.O.A.A. 

S. Although the details of N.O.A.A. needs remains to be 
negotiated, t,;re will provide the anticipated ranges 
of selected digital data parameters to N.O.A.A. to 
facilitate computer quality control of data entries. 

6. \Je will provide N. O.A.A. with, photographic records 
of all study sites. 

* Per detailed ~udget - U.C.I. 3656 
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Dr. Herbert Bruce 
NOAA - OCSEAP 
Juneau Project Office 
2 August 1977 
Page: 2 

7. Bobbie Mayer Assistant Specialist I and the two 
unnamed laboratory Assistants II will be employed 
on a full time basis throughout the year. George 
Hunt, Principal Investigator will be employed full 
time for one summer month and 1/3 time for January -
March 1978. Additionally he will devote approximately 
1/3 of his time October - December 1977 and March -
June 78 to ~his project on a without salary basis. 

8. In section 18.6 after the word "submitted" add 
"to the project office". 

I hope that the above covers all points of concern. 

GLH:jm 

cc: Project Office 

Approved 

Peter Atsatt, Chair 

Approved ;{/0 f;d.~ d~ '--
Dean, Biological Sciences 

Contract· and- Grants·,::.:.;::;<. ... ... '-·· ...... . 
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Sincerely, 

-!:/~ <?f. ¢1~m--!- . 
George L. Hunt, Jr. 
Associate Professor 



UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 98195 

TO: 

TYPE OF SUPPORT REQUESTED: 

TITLE OF PROPOSED RESEARCH: 

PRINCIPAL INVESTIGATOR: 

AMOUNT REQUESTED: 

DESIRED CONTRACT PERIOD: 

UNIVERSITY OFFICE TO BE CONTACTED 
REGARDING CONTRACT NEGOTIATION: 

DATE: 

OFFICIAL AUTHORIZED TO GIVE 
UNIVERSITY APPROVAL 

Donald R. Baldwin, Director 
Office of Grant and Contract Services 
1 Administration Building, AD-24 

REF: P77-48 
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Outer Continental Shelf Environmental 
Assessment Program 
National Oceanic & Atmospheric Administration 

Contract 

The Interaction of Oil with Sea Ice 

Research Unit: 87 

Se~lye Martin, Research Associate Professor 
Department of Oceanography 
University of Washington 
Seattle, Washington 98195 
Telephone: (206) 543-6438 

$50,081 

1 October 1977 - 30 September 1978 

Office of Grant and Contract Services 
1 Administration Building, AD-24 
Telephone: (206) 543-4043 

28. June 1977 

Principal Investigator 

Francis A. Richards 
Associate Chairman for Research 
Department of Oceanography 

Robert G. Fleagle, Chairman 
Department of Atmospheric Sc:lenccs 

Joe S. Creager, Associate Dean 
College of Arts and Sciences 



TECHNICAL PROPOSAL 

I. Title: The Interaction of Oi.l with Sea· Ice Research Unit Number: 87 

II. Principal Investigator: Seelye Martin 

III. Cost of Proposal 

To tal: $50, 081 

Distribution of Effort by Lease Area: 

Beaufort: 25% 
Chukchi: 25% 
Norton Sound: 50% 

I 

I 
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IV. Background 

During the past two years, we have done research for the OCSEAP program 
in two areas: 

(i) laboratory studies on the spread of oil in a field of ice floes; 

(ii) field studies in the Beaufort Sea on the properties of sea ice 
such as crystal structure,drainage channels, and void spaces 
which are related to oil absorption. 

The laboratory studies are written up in a report submitted to the OCSEAP 
program on 30 September 1976 by Martin, Kauffman, and Welander; the field 

·results are summarized in our annual report of 30 Harch 1977. 

In ·our research, we determine for different kinds of ice such as grease 
i~e, pancake ice, ice floes, rafted ice, and pressure ridges, th~ likelihood 
that oil spilled in and under such ice will be distributed both within and 
on the ice surface. Therefore our work is immediately applicable to the 
research of Burns and Shapiro, and that of Braham, on sea ice as a habitat for 
marine mammals and the sea ice migration routes for mammals. Our res.earch 
also helps to determine the small scaie·features of the larger scale patterns 
observed from satellites. 

In the present proposal, we plan to do field work in the Chukchi Sea
Norton Sound lease areas., Specifically, we plan to investigate the properties 
of the ice shear zone along the Alaskan Chukchi coast, and the properties 
of the large areas of grease ice formation in Norton and kotzebue Sound. We 
also propose to continue our laboratory work on the interaction of oil with 
different kinds of ice; in particular, we will attempt to model the.Beaufort 
Sea problem of oil and multi-year ice. This work wil~ continue to be of 
value to the existing OCSEAP research efforts on marine mammals and sea ice; 
and by providing insight into the small-scale diffusion and flow of o.il in 
the sea ice, will also interact with·the new program planned by OCSEAP on 
the numerical simulation of oil spill trajectories in sea ice. 

V. Objectives: The objectives of this research project which are relevant 
to the environmental assessment of the Alaskan Continental 
Shelf are as follows. 

1. To determine on a small scale how the different kinds of sea ice 
in the ice-covered OCS lease areas around Alaska will entrain and 
release oil. 

2. To relate these small scah' st:.1Jtl:les to the lnrgc seale problem of 
of ho\., an actu.:1l oil spill wiLl diffuse \vitldn the moving pnek 
lee of the Alaskan waters. 

The results of this study will be used in. pre4ictive models of the movement 
and diffusion of oil spills within the sea i:ce of the lease areas nnd should 
help to show the impact of potential spills· on critical piological areas. 
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YI. General Strategy and Approach: 

Our proposal consists of two parts; a field experiment and a laboratory 
study. In the field experiment, we propose to survey the ice properties in 
certain critical areas of the Chukchi Sea and Norton Sound; in the laboratory, 
we will examine the interaction of oil with sea ice as occurs in multi.:..year 
ice, heavy wind-driven grease ice, and wind wave-driven rafted icc. 

In detail, our program consists of the following work: 

1. The laboratory program. ~e plan studies on how oil interacts with 
multi-year ice; heavy, wind-driven grease ice; and an active, wind and wave 
driven field of rafted ice floes. In each case, we will follow the oil 
behavior as the ice grows, and then as the ice warms up. 

a) Oil in multi-year ice. An unanswered question about oil pollution 
and sea ice is whether oil spilled under multi-year ice will rise to .the ice 
surface during the arctic summer. From our previous field work and the work 
of others, we know that multi-year ice consists of a layer of practically 
fresh water ice at the surface, with a gradu:Jl transition with depth to 
salty, columnar first year ice. 

If oil is released beneath this ice, we suspect by analogy wi~h first 
year ice that some of the oil will be entrained beneath the ice. Then in 
the spring and summer when the ice war.ms, brine channels will open up in 
the columnar ice, so that the .oil will rise up inside the multi-year ice 
at least to that height at which the fresh water ice begins. 

At this point, several things may occur. First, there may exist 
natural channels or elongated air bubbles in the fresh ice through which oil 
will rise to the surface. Second, the oil. may collect at the top of the 
salt water ice below the fresh water ice, then absorb radiation tl1rough 
the translucent layer of fresh ice. The increase in energy caused by the 
radiation absorption may cause the' ice either to crack or to melt, thus 
allowing the oil to rise to the surface. Third, the multi-year icL! will 
melt and ablate at its surface, and the melting may extend down to the oil, 
thus releasing it. Fourth, the oil may remain trapped throughout the summer 
season. 

In an attempt to see which of the above mechanisms are important, we 
will simulate multi-year ice in our laboratory, then release oil beneath it. 
We will create this ice by growing young ice in our cold room, .then warming 
it so that it desalinates and partially melts, and then refreezing it so 
that new growth occurs beneath the old ice. We will next release oil beneath 
this ice, re-warm it, and simulate with lights,solar radiatibn on tile ice. 
The results of this cxperi.ment should show on n sm.:tll scale how o.i L and multi
year icc interact, and will aid in p1nnnlng o[ n follow-up fleld c•xperiment:. 

b) Oil in grease ice. Recent satellite survcyt-: dom' for Llw Ul:SEAl' 
program by Shapiro and Burns show large areas of l1envy grease ice forming 
on the north sides of both Norton and Kotze,bue Sounds during their 
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observational months of March and April. Because both these areas are· 
potential lease sites, we propose some laboratory experiments to look at 
the specific behavior of oil in grease ice. 

Our previous work on grease and pancake ice shows that the presence of 
grease ice beneath.the pancake ice did ~ot hinder the rise of the oil to 
the surface. Recently however, we have rebuilt our apparatu~ so tlillt we can 
generate waves with much larger amplitudes; and because of the importance 
of grease ice, we plan to grow thick layers of grease ice under strong wind 
and wave conditions to simulate itp growth in the Arctic. We will then 
release oil beneath this {~e tci look at the following: 

i. How the grease ice changes the lateral spreading of oil on the 
surface; 

ii. How the oil is distributed in depth in the ice; in other words, 
does it spread on the surface completely independently of the 
grease ice, or is there some entrainmerit with depth in the ice; 

iii. How the oil freezes into the grease ice with time; and how it 
responds when the ice is melted. 

This laboratory study also will complement our proposed field study. 

c) Oil in wind-driven rafted ica. Because of the importance of rafting 
as an ice growth mechanism in the Bering Sea, as shown by the results of 
the BESEX experiment, and its presumed importance in the Chukchi Sea, we 
also plan to use the wave tank to generate an active rafting ice.floe 
situation. This will also simulate the natural behavior in the Norton
Kotzebue Sound case described above, where now instead of pure grease ice, 
we have the formation of small floes which raft because of the wind stress. 

In the experiment, we wJll generate an active rafting situation, release 
oil under it, then follow its behavior with time. This experiment should 
help in the understanding of how oil is entrained or brot~ght to th~ surface 
in an active rafting ice zone, such as exists downwind in Norton and 
Kotzebue Sound. 

2. The field experiment. The field experiment. involves three separate 
traverses during March 1978. The first will be run out of Nome on a line 
between Nome and the Yukon River Delta; the second will be run out of Cape 
Lisburne at 305°T for a distance of 60 nau~ical miles; and the third will 
be run out of Cape Lisburne across Point Hope into Kotzebue Sound. 

13ecau~w the :lcL~ conditJons \oJ:ill !JL~ clwnging r;lp:idly in tlH~ arc~u-.; of 
study, \v(' \vi.Ll. not simply t:t·y to O('.<'upy 1-.;t·:1L.i.ons, ralh('r \oJL' will ;ll.so 
attempt to map from low-level flights the clwnglng characteristics of the 
ice. Also, once on the surface, bl•sidL~S takJng single cores from Lhc Jn~, 
we will also document icc features .,.,,h i•:h prL~vious experience shows to be 
important in the capture and transport of oil. 
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. a) These features include the following: 

i. The nature of the rims on ice floes. Our laboratory experiments 
show on a small scale that the rims are built up from water and grease ice 
pumped up over the floe edge to freeze; further, that oil can be pumped in 
the same way. Evidence from the field that rims are built up by pumping 
will suggest that oil spilled in this ice would also be pumped onto the 
surfac~. Therefore, in the field, we will seek. out several floes and survey 
them to determine how the rims formed. 

ii. ·Rafted ponds. At the Buz~ards Bay spill on 28 January 1977, which 
occurred in an active rafting and ridging ice field; about 30% of the spilled 
oil collected in ponds with depths up to·o.z m on the ice surface. Briefly, 
these ponds formed by the ice floes rafting one on top of each other, with 
sea water ponds forming at the join between the floes. Oil released under 
this ice flowed up into these ponds replacing the denser sea water. In 
the Beaufort Sea, we have observed similar ponds, but we never mapped their 
structural details. Therefore, during the proposed field traverse, we will 
also try with our SIPRE corer or auger to map the above-and underwater 
structure of several of these ponds. 

iii. Rafted ice. The results on the BESEX experiment showed· in the. 
central Bering sea that wind-driven rafting caused much of the thickness 
increase of sea ice. Because of the importance of rafting to both numerical 
models and oil entrainment, we also plan to attempt to estimate the extent 
of rafting along the traverse lines. 

b) The specific traverse lines from which we will make the observations 
described above are shown on the charts in the section 'Other Information. 1 

These traverses, which we next discuss, consist of one line out of Nome, and 
two out of Cape Lisburne. 

i. The Nome traverse. The first chart shows the lin~ running from Nome 
down to the Yukon delta. Satellite photographs show, because of the strong 
northeast winds, that this is an active region of ice growth and transport. 
In this traverse, we plan to sample stations at intervals of approximately 
10 nautical miles, where we will take ice cores and if feasible do the 
other measurements described above.. lve will also pull one core at the 
entrance to the Yukon Delta, to see the effect of the river runoff on the 
sea ice. If .a large !'!rea of grease ice forms adjacent to shore, we will 
photograph it from low level flights, and determine its properties. We 
will also attempt, by landing on 'the nearest solid ice downwind of the grease 
ice, to get bucket samples of the grease ice so that we can estimate its 
porosity. 

Finally, if it is feasible, and a large area of grease ice forms 
offshore, we would 'like to arrange a one day boat charter in ari attempt 
to get grease ice samples from the active growth regions. 

11. The Cape Lisburne shear zone traverse. 
satellite data, Shapiro and Burns document the 
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of the shear zone adjacent to the Alaskan Chukchi coast. Because of its 
importance as a shipping and marine mammal migration route, as Hell as 
overlying <1 potential lease area, the no.turc of the ice behavior in this 
zone is important to OCSEAP. 

We therefore propose to investigate the small scale sea ice properties 
across this zone by running a traverse shown on the sec_ond chart out of 
Cape Lisburne at 305°T for a distance of 50 - 70 nautical miles, depending 
on the ice conditions. In the zone, we >vill land at intervals uf approximately 
10 nautical miles and both take cores and sample the otl1er icc properties 
described above. If time permits,' \ve will attempt to re-occupy the stations 
a few days later, in order to document possible changes. The purpose of 
tr;lVerse >vill be to document the kinds of small scale icc growth o.nd 
deformation in the shear zone which are relevant to oil pollution. 

111. The Cape Lisburne Kotzebue traverse. The third chart shm.;s the 
flight line for this experiment; satellite photographs show that t.:he water along 
the shore line east of Point Hope in Kotzebue Sound is an especially good 
site for grease ice gro>vth. Therefore, if e1 storm occurs while \.JC are at 
Cape Lisburne, we will survey from low level fligltts on successive days 
the way in which tl1e grease ice forms in Kotzebue Sounds, and the transition 
to pancake ice and ice floes. We will also land downwind of the grease ice 
and sample the icc properties. The obscrvatio11s made on tl1is travc~rse line 
will serve as an intermediate step in the rele1ting of our lo.boratory 
experiments to the satellite photographs of grease ice. 

VII. Sampling M~thods: 

,At the different stations shown on L:he charts in 'Other Informo.tion', 
\ve >vill l;cmd on the ice land determine the ice properties in the follm.;ing 
way. First, we \vill pull a core with a SIPRE corer, measure its temperature 
profile with thermistors, then cut up half of the core into horizontal 
Sl',:tions for determincttion of the salinity profile. He will aJ so both sketch 
and plwtogro.ph the vert.i.ca.L crystal structure of the core and louk for 
evidence c,>f rafting. Oil icc floes, we also plan to check s'urfacc so.l.Lnlty, 
examine the way in \vhich the rims iH"Otmd the floes are built up, and look 
at the structure of ponds formed by rafted ice. Finally, we plan low-level 
aerial photographic mapping of regions of grease ice. 

VIII. Ano.lytical Hethods: N/ A 

IX. Anticipated Problems 

We expect no additional major difficulties outside of those inherently 
associated with field work in the Arctic., 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

sea ice 
properties 

laboratory study 
on oil and ice 

Media (Cards, 
coding sheets, 
tapes, disks) 

narrative 
report 

narrative 
report 

Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

40 pages 

40 days 

OCSEAP 
Format 
(If known) 

N/A 

N/A 

Processing and 
Formating done 
by p. I. 
(Yes or No) 

N/A 

N/A 

Collection 
Period 
(Month/Year to 
Month/Year) 

March 1978 -
April 1978, 

October 1977 -
September 1978 

Submission 
(Month/Year· 

August 1978 

September 1 



X. Deliverable products: 

A. DLgital Data: none 

B. Narrative Reports: 

1. Laboratory results. An account of our 
laboratory experiments on oil and sea ice will be subr.1.itted 
as a report which will include descriptive phOtographs and 
tables. 

2. Field results. The results of our field traverses will also 
be submitted as a report which will include phOtographs, tables 
of ice salinities and tempera .. tures, '·and descriptive material. 

C. Visual Data: All visual data will be submitted in our narrative 
reports. 

D. Other Non-Digital Data: none. 

E. Data Submission Schedule: 

1. Laboratory: our laboratory report will be submitted by 
30 September 1978. 

2. Field: Collection of field data will begin in March 1978 
and end in April 1978. Our data report will be submitted in 
August 1978 (see attached Data Products Schedule). 

XI. Information Required from Other Investigators: None. 

XII. Quality Assurance Plans: 

Our salinometer used in the determination of the ice core salinity 
profiles will be calibrated against standard salt water solutions. 

Our thermistor array used to determine the temperatur~ profiles of the 
ice cores will be calibrated both iri 0°C ice b~ths and against mercury thermo
meters in the field. 

XIII. Special Sample and Voucher Specium Archival Plans: N/A 

XIV. Logistic requirements; see attached forms. 

437 



.Pleas•· fill in all spaces or indicnte 110t appJ i.c;1ble (N/A)'. Usc r~dditionnJ shl'cts 
as nc.~cess[lry. Budget line items concerning logLstics should be keyed to the relevant 
item described on these forms. 

proposed tracks and sampling gr the area. 
Include a l:Lst of proposed station geographic positions. 

--=--·-O~n.;;:e_day small boat cruise out of Nome following grease ice formation. (optional) 
2. Describe types of ohservat tons to be mad~- on t""i-acks~~~;dfor at eacl~~rid st-;tion-.-'--

lnclude a description of shipboard sampJing operations. lle ns specific and com
prehensive as possible. 

We will take near-shore 'bucket' smnf>les of grease ice. 

optimum time chronology of ob.servations on a leg and seasonal basis 
and what is the maximum allowable departure from these optimum times? (Key to 
chart prepared under Item l when necessary for clarification.) 

March 1977, c~uise should follow grease ice formation by l-2 days. 

Bow many sea dflys are roquired leg sumc vessel crui.s:ing Hpecd o 
14 knots for NOAA vessels. Do not include. runnlng time [rom purt to beginning 
point and from end point to port and do not include a weather factor.) 

'1 day 

Do ;tou .consider your investigaUon to be the principal one the operation 
thus requiring other activities to piggyback or could you piggyback? 

We could piggyback. . 
Approximatel.y how many vessel hours per day Hill be required for your obscJ·va
tiollS and must these hours be during dayli.ght? Include an cstimte of sampling -
time on station and sample processing time between stations. 

6 daylight hours. 

personnel would you e:{pect the ship to 

l boat driver plus navigational aids. 

approximate weight and volume of cquip~:1t~nt you will bring'? 
t 

your data or 
please describe: 

require special hauJling'? lf yes, 

We need a boat with <:!asy access to the sea surface. 
;-;-:;-;-·----------:---·---·-··-·-----·----··:--·---------·-··--·-----------······-·-··- -··----··-·-··--. --·----·- ---·---·-··· 

\vlll you rcqui1~t~ uny g;Jsscs and chcmic;II.s? If yt.•:-;, til(')' ::;IHnlld bt~ 
on board the ship prior to departure from Seattl(;-;~·~-t-ime allowed for shiprlll:llt 

a shtp prerercnce, t'ither 
lhc V!'Snel <llld ): tVl' the n•a;;on fnr SO Sjlt'l' i fy illf,. 

No 

-"·· ___ _, ______ -- .. --~-~~-·-··-·- . -
you rt.~Cllllllllt.'lHI Uw llSl' ur ;1 l!Oll-ND/11\ Vl'~;st•L, \,.,ril;tt is 

cost and have you verified its availnbili Ly? 

N/A 
--::---·-·---------·--····-- -·-··----·--·-·---·-·--·-··--··-·-· ------·--·- ----·-·· ··---·---- ·--·. ······-··--- ---···---

1 • How many peoph~ must you lwve on board for each Leg'! Include a J.isl of pitrtici-

pants, specifically identifying any who are foreign nntiorwls. 

2; S. Martin, P. Kauffman. 
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I
'· --i~·-_-r()Neoi;_t.-~el~. ~ te

1
_fprf-cl;_P

1

:·gohset· d5--~~rr~c·lnt>f·~-e0._cr·-t·st:-r--aa.l111ds 1)o0 rr. ts ta t:io~-~ch(~m~on a ci~-;t~-i;~-~lrea. 
u of personnel or equipment only from·~as~ 

I. camps to field camps and visa versa, chart submis$ion is not necessary but 

I 
origin and destination points should be listed) 

See charts in 'Other Information'. 

2. Descriqe types of observations to be made. 

We will land at different sites; take ice cores and analyze site topographY. 

3. ~1at is the optimum time chronology of observations on a seasonal basis and what 
is the maximum allowable departure from these optimum times? 

optimum: 7 - 30 March;. maximum; 1 March - 15 April. 

4 .. How many days of helicopter operations are required and how many flight hours 
per day? 

14 days at 1 - 1.5 hours/day 

Total flight hours? 20 hours 
~---------------------------~~--5. How many people are required-on board for each flight (exclusive of the pilot)? 

three 

6. What are the weights and dimensions of equipment or supplies to be transported? 
1 sled, 140 lbs, 4' x 1' x ~.5' -
1' power head, 50 lbs, 1.5' x 1.5' x 1.5' 
3 auger flights, 40 lbs, 3' long by 0.75' diameter 
2 instrument cases, 70 lbs each, 2' x 2' x 1' 

7. What type of helicopter do you recommend for your operations and why? 

Bell 205 with long range tanks. O~r equipment will not fit into a Bell 206 . 

. 8. Do you recommend a particular source for the helicopter? If "yes" please name 
the source and the reason for your recommendation. 

NOAA, based on previous experience. 

9. \•.That is the per hour charter cost of the helicopter? 

N/A 

10. Hhere do you recommend that flights be staged from'? 

Nome, Cape Lisburne 

11. \111..1 :.:;pl!Cia.l u:wlg~1tion nml eommtmicntions be required'? 

Global or other on-boHnl nnvigation sy~;tem. 

Note: Our research plan requires that a member of our party occupy that 
co-pilot's seat for a least part of each traverse; both to help. 

. . . 1 phs of the lCe choose the land1ng Sltes and to take aerlal p1otogra 
field. 

439 



\ ---~c·-· \~l1 n·E-arey.our·· requ Iremcnls-·[,)r quart.ers culu sub<; is ten~(;·· in the. field 
! • (These requirements should be broken down hy (.::1) location, (b) calendar i'>erTod, 
I . 
/ (c) number of personnel per day and total man days per period) 

I 
I 
1 a) 7 .- 14 March; Nome; 3 men at 21 man days. 

b) 14 - 28 March; Cape Lisburne; 3 men at 42 man days. 

2. Do you recommend a parlicul.::1r source for this support? If "yes" please hame 
the source and the reason for your recommendation. 

No 

3. What is your estimated per man day cost for this support at each location? 

N/A 

How did you derive this figure, i.e., what portion represents quarters and \vhat 
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? 

N/A 
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XV. Management Plan: 

The principal investigator \vill direct and/or participate in all phases 
of the work. Huch of the photographic and instrumentation work will be done 
by Peter Kauffman. 

.By: 15 February 1978 

30 April 1978 

30 August 1978 

30 September 1978 

XVI. Outlook beyond FY78: 

Finish preparations for field experiment 

Complete field traverse 

Submit field report 

Submit laboratory report and analysis of 
field, traverse. 

With regard to future work ori oil pollution and sea ice, first, we 
should do a winter ice survey along the ice front of the Bering Sea. This 
work, which 'relates to the Bristol llny and Saint George B<lsin lease 
areas , might best be done from an icebreaker vJOrking out of either a hc1 i
copter or a snmll boat. Second, we should plan a specific ship traverse of 
the grease ice in Norton Sound combined with an aerial photographic or 
SLAR overflight. The purpose would be to look at variations of grease icc 
porosity v.rith fetch. The decision to go uhend with this experiment should 
mvait the results of the laboratory experiments proposed herein, 1vhich 
should show whether the interaction of greusc ice nnd oil is important. 
Thin!, ,we will need a summer ice survey on the drainage properties of multi
year ice. 

With regard to future laboratory experiments, because they are 
inexpensive and repcat~ble, we will probably want to continue with them; 
hmvever, I do not want to speculate on future experiments until I have 
done some of the work proposed here. 

441 



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 shippetl 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 \vhere these are morphologically distinguishable. 

4. · At the option of the Project Office the P. I. is prepared to travel 
to the Project Office at least twice during the contract yea~ 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 tht:! Project Office. 

5. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation form (NOM 24-13). 

6. Data will be submitted 1.vH.hin 120 days ot the completion of a 
cruise or 3 month data collection period, unless a written w~d.ver, 
l1as 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 form (NOAA 24-28) will 
be submitted to the Project Data Hanager. 

8. Title for all property purchased with OCSEAP funds remains with 
the U.S. Government pending disposition at contract termination. 

9. Three (3) copies 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 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. 1\l.l pub.llcatl.otnl ;111d prl'Hent;tLlllns of m;ltl'l'l.Hl lh~VL'.lopcd utH!Pt- OCSEAP 
[unds wLll admowlt'dge lH.N/OCSI·:AP ~pom;or:-ddp. 
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1. COVER PAGE 

Title and Research Unit 
DYNAMICS OF NEAR-SHORE SEA ICE 
(OCSEAP Research Unit #88) 

Principal Investigators 
W. F. Weeks and A. Kovacs 

Institution 

30 June 1977 

U~ S. Army Cold Region~Jh~o~arch and Engineering Laboratory 
Hanover, NH 03755 

Period of Work 
1 October 1977 - 30 September .1978 

Signatures 

ext. 

and 
A. KOVACS 

(Principal Investigators) ext. 211 

{h F. 0 (eft315 
U,v (Comptroller) 

CRREL Telephone (603) 643-3200 
AUTOVON: 684-3400 
FTS: 834-7585,6,7 
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TECHNICAL PROPOSAL 

I. Title 

Dynamics of Near-Shore Sea Ice 
OCSEAP Research Unit #88 
1 October 1977 - 30 September 1978 

II. Principal Investigators 

W. F. \-leeks and A. Kovacs 

III. Cost of Proposal 

Total $173,376 
Distribution of Effort by Lease Area Beaufort Sea 55%, 

Chukchi Sea 40%, Norton Sound 5%. 
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IV. Background 

There are four main thrusts to the present proposal. These are 
concerned w~th the study of ice movement in the vicinity of Narwhal 
Island (Prudhoe Bay), the study of ice movement through the Bering 
Strait, the analysis of remote sensing data on sea ice from the Chukchi 
and Beaufort. Seas, and the effect of large scale crystal orientation 
in fast ice on its pr~perties and the use of these orientations to 
determine current directions. All this work is a direct extension of 
our previous field studies and is largely devoted to the analysis of 
data that we have already collected as part of the Arctic OCSEAP. 

V. Objectives 

The objectives of the different sections of this proposal are as 
follows: 

A. Narwhal Island Ice Movement Studies: We plan to complete a 
thorough analysis of the Narwhal Island ice movement data which were 
collected during the 1975-76 and 1976-77 winter field seasons and 
combine these data with an analysis of satellite imagery to gain 
historical insight into ice motions both offshore and onshore from the 
barrier islands north of Prudhoe Bay. We also plan to spend short 
periods of time in the field along the coast of the Beaufort Sea (2 
weeks in the fall of 1977 and 2 weeks in the spring of 1978) taking 
measurements that will allow us to determine the net movement of the 
fast ice over the winter and the locations and geometry of large 
coastal ice pile-ups. {!hese data have direct bearing on offshore 
design and on hazard assessment for proposed oil and gas operations 
offshore along the coast of the Beaufort Sea] 

B. Bering Strait Imaging Radar Studie~: In this part of our 
program, we plan to continue to operate the X-band ice rada~ system 
at Tin City during the 1977-78 ice season. We also plan to make 
minor changes'in the system to improve its reliability and its ease 
of operation. In addition, we·will continue the analysis of ice drift 
radar data and attempt to model these observations by using a finite 
difference model for ice motion and deformation through a restricted 
channel. crhe above research is an essential part of the information 
needed to develop an adequate scenario for a major oil spill in either 
the Beaufort or Chukchi Seas. The motion of the oil once it rises to 
the sea surface will be almost completely controlled by the motion of 
the ice. At first the oil will move westward following the general 
movement of the ice in the sou·thern portion of the Pacific Gyral. 
Even this drift is, during par~ of the year, dependent on the ice in 
the Chukchi Sea moving "out of the way" largely by moving south through 
the Bering Straits'into the Bering Sea. Once the oil has moved into 
the Chukchi Sea, it can take three different trajectories: 1) move 
south into the Bering Sea during an ice breakout (note that the 
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general flow of water through the Bering Straits is south to north 
opposed to the direction of the breakouts), 2) move north becoming 
incorporated in the Pacific Gyral (this would retain the oil in the 
Arctic Ocean for a period of at least 7 to 10 years and perhaps many 
times this value), 3) move north becoming incorporated in the Trans
Polar Drift Stream in which case the oil would ultimately be deposited 
within two years off the east coast of Greenland. Each of these routes 
has its particular geophysical, biological andpolitical,problems. Of 
immediate interest is, of course, ·the movement of the oil_ through the 
Bering Strait in that this would release the oil along the ice-edg·e 
in the Bering Sea, an area of extremely high biological_ productivity. 
The radar information that will be collected at the Bering Strait 
should serve as the first step in the development and verification 
of suitable models for forecasting ice (and oil) motion in--this general 
~~~ . . 

C. Analysis of Remote Sensing Data: In this program, we plan to 
complete the analysis of the existing laser profilometry and the SLAR 
imagery that we obtained on flights made during the 1975-76 and 1976-77 
ice seasons. The results of the laser studies will provide valuable 
quantitative information on both temporal and spatial variations in 
the amount of deformed ice present along the coasts of the Chukchi and 
Beaufort Seas. The SLAR studies will supplement these observations by 
allowing measurements to be made on the areal percentage of deformed 
ice, the general geometry of the deformation patterns, and the size 
distrib?tion of multiyear ice floes. (!his study will add to our 
quantitative data base characterizing the nature of the ice along the 
coasts of the Beaufort and Chukchi. Seas. As such, it will contribute 
to both the hazard assessment and offshore design aspects of leasing 
and development] 

VI. General Strategy and Approach 

A. Narwhal Island Ice Movement Studies: This program is largely 
concerned with the analysis of ice movement data that we have already· 
collected. The proposed field observations make use of the fact that 
we have found that by short periods of surveying and by surface measure
ments of the displacements of identifiable ice features (cracks, ice 
roads, etc.) we can obtain a rather detailed picture of the nature of 
the net motion within the fast ice during an ice season. Most of this 
work will be focused on the region north of Prudhoe Bay inasmuch as it 
is an area of prime interest for offshore development. 

B. Bering Strait Imaging Radar Studies: . This site was selecte(,, 
because the Bering Strait is the bottleneck through which ice must pas 
on its way between the Bering and Chukchi Seas. Another obvious ad
vantage of the site is the fact that the radar unit can be housed 
within the ray-dome of the Tin City AC and W Site on tope of Cape 
Mountain. Analysis of the resulting imagery is time-consuming but 
straight-forward and follows procedures developed by Tabata and Shaprio. 
The theoretical aspects of the study build upon previous attempts to 
model ice flow through both the Bering Strait and the Strait of Belle 
Isle by Sodhi and the main Arctic Ocean by Hibler. 

C. Analysis of Remote Sensing Data: This is purely a program 
concerned with the analysis of existing data. Techniques for analyzing 
laser data of sea ice have largely been worked out at CRREL and are 
readily available to us. We also have extensive experience working 
with SLAR imagery. 
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D. Summary of Existing Knowledge (see. separate attachment) 

VII. Sampling Methods 

A. Narwhal Island Ice ~ovement Studies: The considerations 
governing the data acquisition rate and the spacing of our transponders 
were given in our prior contract proposal and will not be repeated here. 
In the study of the net mov~ment of the ice over the winter, we will 
take observations "near" to islands or to grounded ice features so 
that we can determine absolute movements. We also will collect informa
tion on the relative movement of one·ice feature with another. These 
observations can be made anywhere we can find suitably disp~aced ice 
features. Our general target area for this study will be between the 
Stockton and the Midway Islands. 

B. Bering Strait Imaging Radar Studies: We photograph the radar 
screen once every 2~ minutes. This is adequate to define quite rapid 
ice movements without requiring a vast amount of.film. In deciding 
which radar return to track, we are guided by the strength and unique
ness of the target. Also, it is wise not to pick targets that are 
clustered in only one segment of the sampled area. 

C. Analysis of Remote Sensing Data: The laser sampling lines. 
were spaced down the coast so that three representative replicate 
tracks could be made into both the Beaufort and.the .Chukchi Seas. The 
starting points of these tracks.were Barter Island, Cross Island, Lonely, 
Barrow, Wainwright, and Point Lay. The length of the flight lines was 
200 km which gives adequate transverse coverage of the continental shelf. 
The SLAR imagery was primarily obtained using a continuous track along 
the coast with short transects normal to the coast starting from promi
nent locations such as Lonely and Cross Island. In the analysis, it is 
planned to use all the data except in areas where there is excess overlap. 

VI I I. Analytical Methods 

Not applicable. 
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IX. Anticip.ated Problems 

We foresee no major problems in carrying out this proposed 
program •. · 

X. Deliverable Products 

The main output from this program·will be a series·of CRREL 
reports focused on the different special aspects of the program out
lined earlier. Each of these reports will contain maps, graphs, photo~ 
graphs, data tabulations, etc. as required to best develop the specific 
aspect of the research that is under discussion. Ultimately, the · 
time-lapse photography of the radar screen will be archived in the OCS 
data bank. However~ this will not be done until all the studies .using 
it are complete at CRREL. · 

XI. Information Required from Other Investigators 

We will require all available observations on oc.ean currents that 
have been collected during the winter in the·vicinity of our crystal 
orientation observations; We have had no trouble obtaining this type 
of information for the Beaufort Sea .and we.expect no difficulties in 
obtaining similar data, if available, for the Chukchi Sea and for 
Kotzebue-Sound. 

XII. Quality Assurance Plans 

Inasmuch as the new field work that will be undertaken primarily . · 
uses routine surveying and crystallographic techniques, this section is 
not particularly applicable to our proposed program. 

XIII. Archival Plans 

Not applicable. 

XIV. Logistics Requirements 

Of the four different sub-programs that will be carried out under 
this research unit, only two will require logistics support. These are: 

1. Narwhal Island Ice Movement Studies, and 
2. Large-S~ale Crystal Orientation. 

Inasmuch as their requirements are quite different, the logistics of each 
will be discussed separately. 
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1. Narwhal Island Ice Movement Studies 

Point of Contact - A. Kovacs 

A. Ship Support 
1-12. N/A 

B. Aircraft Support - Fixed Wing 
1. Location of flights 

Reconnaissance fiights along the edge of the fast ice and 
over the barrier islands in tqe Beaufort Sea for the purpose 
of locating large ice pile-ups as well as characteristic ice 
features that can be used in studies of net ice motion. 

2. Types of observations 
Visual and photographic (hand camera) 

3. Time of flights 
During a two-week period covering the last week in October 

arid the first week in November 1977 

4. Days of flight operation~ 
3 days, approximately 8 hours of flight time. 

5. Relation to other investigations 
No strong interactions. 

6. Special equipment. 
None:. 

7. Weights, etc. 
Carry-ori equipment will weigh approximately 100 lbs. No 

power is required. 

8. Type of aircraft 
Ski-equipped Cessna 180. 

9. Source of aircraft 
NARL 

10. Cost 
Approximately $85 per flight hour 

11. Number of people on board (excluding pilot) 
Two 

12. Staging area for flights 
Barrow and Deadhorse. 
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C. Aircraft Support - Helicopter 

1. Location of flights 
To visit large ice pile-ups identified during the Cessna 180 

reconnaissance flights and also to visit several of the barrier 
islands so that net ice movement markers can be installed. 

2. Types of observations 
Standard surveying type observations using a theodolite, 

a laser ranger, a level, and a tape. 

3. Time of flights 
During two each two-week periods covering the last week in 

October and the first week in November 1977 and the last two 
weeks in May 1978. 

4. Days of flight operations 
During each of the two periods, a helicopter will be required 

for 10 flight hours distributed over a 14-day period. 

5. Number of people on board. 
Two. 

6. Weights and dimensions of equipment 
Two hundred lbs., 5x2x2 feet. 

7. Type of helicopter 
205 or 206 

8. Source 
NOAA with ERA back-up (NOAA does not operate a 206) 

9. Charter cost 
For the ERA back-up helicopter, approximately $500/flight 

hour (206) or $1000/flight hour (205). 

10. Staging area 
Deadhorse 

11. Special features 
An inertial navigation system will be required to locate and 

to relocate the study sites. 

D. Quarters and Subsistence Support 

1. Quarters and subsistence requirements 
a. Location - Deadhorse 
b. Time - 24 October-7 November 1977 and 15 May-1 June 1978 
c. Staff - 2 persons, approximately 64 man/days 
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D. 2. Source of support 
Mukluk (Crowley) at Deadhorse. This organization has 

space to handle the OCS operation and they would like the 
business. We have received excellent support from them in 
the past. The support we received last year from y __ and: E was 
poor. 

3. Cost 
Costs would have to be negotiated. 

E. Special Logistics Problems 

None. 

XV. Management Plan 

Weeks and Kovacs are experienced investigators who will personally 
be involved with all phases of the proposed work. General administrative 
control of the project will be.handled by Dr. George D. Ashton, Chief 
Snow and Ice Branch, CRREL, who is well acquainted with the subject area 
of the proposed studies. The milestone chart is as follows: 
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Major Milestones Date 

1. Tune-up and check radar at Tin City 30 October 1977 

2. Complete fall ice movement measurements 
from Deadhorse 7 November 1977 

3. Complete first crystal orientation paper 15 December 1977 

4. Complete final Narwhal Island Ice Movement 
paper 15 February 1978 

5. Complete crystal orientation field observations 1 May 1978 

6. Complete spring ice movement studies from 
Deadhorse 30 May 1978 

7. Col\lplete remote sensing studies 15 July 1978 

8. Complete first paper on Bering Strait radar 
study 15 September 1978 

XVI Outlook 

The work proposed here will largely complete our studies in the 
vicinity of Narwhal Island. We may propose some small additional work on 
ice movements and pile-ups (~$75K) and on crystal orientation and ice 
properties. We would probably like to operate the Bering Strait radar 
unit for one final year. We also plan to become involved in other types 
of OCS research programs. 

XVII The standard statements numbered 1, 2, 4, 5, 6, 7, 8, 9 and 10 (see 
instructions for preparing renewal proposals to OCSEAP/NOAA) are applicable 
to the proposed program and will be binding under the contract. 
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30 June 1977 

A. COVER 

TASK D: Included in RU.88- FY 78 Renewal 

Title and Research Unit 

ICE CONDITIONS OF THE BEAUFORT AND CHUKCHI SEAS: A SUMMARY OF EXISTING KNOWLEDGE AS 
RELATED TO OFFSHORE DEVELOPMENT. (OCSEAP RESEARCH UNIT II (NEW)) 

Principal Investigator 

W •. F. Weeks 

Institution 

u.s. Army Cold Regions Research and Engineering Laboratory, Hanover, N.H. 03755. 

Period of Work 

1 October 1977 - 30 September 1978 

Signatures 

D. R. Freitag, (Ext;200) 
(Technical Director) 

• Ferraro (ext 315) 
(Comptroller) 
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B. QUALiFICATIONS OF THE; PRINCIPAL INVESTIGATOR 
AND HIS INSTITUTION 

Principal Investigator 

W.F. Weeks - 22 years field and laboratory experience on studies 
related to the geophysics of sea ice; author of 120 papers with 
special emphasis on structure of sea ice, crystal growth, ice 
mechanics, .ice drift and deformation, and remote sensing; 
President International Glaciological Society 1972-75, Polar 
Research Board 1971-77, Chairman Conunittee on Glaciology of the 
National Academy of Science 1971-77. 

Institution 

USACRREL is the principal laboratory within the U.S. Government that 
deals with the special geophysical and engineering problems that 
occur in the world's polar oceans. It has a major library that 
acquires all the world literature related to this problem area, 

I. Title 

a large numb~r of cold rooms designed for experimentation on snow 
and ice, extensive experience in the operation of projects in 
the high Aretic, and a staff of approximately 90 scientists and 
engineers who specialize in this type of research. 

C. TECHNICAL PROPOSAL 

Ice Conditions of the Beaufort and Chukchi Seas: A review 
OCSEAP Research Unit # (New) 
~ October 1977-30 September 1978 

II. Principal Investigator 

W. F. Weeks 

III. Cost of Proposal 

Total $31,994. 
Distribution of Effort by Lease Area: Beaufort Sea 60%, 

Chukchi Sea 40% 
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IV. Background 

The arctic OCSEAP is now in its 3rd year. As a result of this program 
a large amount of information bearing upon specific aspects of the ice 
conditions in the Beaufort and Chukchi Seas has been and is being collected. 
In addition to these data, there.are large amounts of additional data on 
similar subjects scattered throughout the older literature. However, 
one1.soon discovers that much· of the earlier work is published in obscure 
references only accessimied in speciality libraries and that much of the 
newer work is only available in contract reports or in the minds and data 
books of the concerned investigators. There is no thorough, informed 
summary of the state of knowledge in this area to assist in decision 
making by non-sea ice specialists and to s'erve as a guide to both more 
detailed treatments in the literature and to existing data gaps. 

v. Objectives 

The objective of the proposed study is to prepare a thorough yet 
concise summary of the present state of knowledge of the sea ice conditions 
in the Chukchi and Beaufort Seas as they bear upon the development of the 
offshore resources in these areas. Particular emphasis will be giv~n to 
incorporating the most up-to-date information on this subject as collected 
by the various OCS projects concerned either directly or indirectly with 
sea ice. ·Data and theory gaps that affect OCS objectives will be 
identified. 

VI. General Strategy and Approach 

Inasmuch as n;-. Weeks specializes in the study of sea icE)., he is well 
acquainted with the scattered literature on the subject. He also has. 
available to him, through use of the CRREL library, the most complete col
lection of literature on this subject available in the United States. In 
addition, he plans to review all pertinent OCS documents on the subject and 
to personally visit and discuss the current status of their research with 
all the major OCS investigators involved in the study of sea ice. After 
he finishes with digging through the above, he simply plans to sit down and 
write a first-draft of the· review and then have it examined by selected 
specialists to point out any gaps in the treatment. 

VII. Sampling Methods 

First the CRREL bibliography will be surveyed to locate pertinent 
references on ice conditions relative to offshore development in the Beau
fort and Chukchi Seas. Then discussions with active investigators will be 
used to identify important references that have been missed. Finally a peer 
review of the manuscript will be used to check the fairness of the treat
ment and the validity of t~e conclusions and recommendations. 
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VIII. Analytical Methods 

Not applicable. 

IX. Anticipated Problems 

There should be no major problems in carrying out this review. 

X. Deliverable Products 

B. Narrative Reports and C. Visual Data 

The final product of this program will be a narrative report 
containing pertinent maps, graphs, tables and photographs. This report 
will be published as a CRREL report. However xerox copies of the report 
wil~ be provided the OCS data bank prior to the actual publication. There 
will be no visual data beyond that which is included in the final report. 

E. Data Submission Schedule 

The writing portion of this project will be completed during 
July-Septenber 1978. Therefore, the xerox copy of the report should be 
available by November 1978 and the final CRREL publication by June 1979. 

XI. Information Required from Other Investigators 

Dr. Weeks will require xerox copies of all OCS sea ice studies that 
have been completed but are not, as yet, available as formal reports. This 
will be accomplished by informal communication with the pertinent principal 
investigators and should not present a serious problem. 

XII. Quality Assurance Plans 

Not applicable. 

XIII. Special Archival Plans 

Not applicable. 

xrv. Logistics Requirements 

'All travel arrangements will be made and travel costs paid under the 
cost of the contract. There are no other logistic requirements as this is 
not a field program. 

460 



XV. Management Plan 

Dr. Weeks is an experienced investigator who will personally initiate 
and complete all phases of the project. General administrative control of 
the project will be handled by Dr. George Ashton, Chief, Snow and Ice Branch, 
CRREL who is well acquainted with the general subject area of the proposed 
report. The milestone chart is as follows: 

Major Milestones 

Complete visits to OCS investigators 
involved in sea ice research 

Complete survey of published 
literature 

Complete writing of summary report 
and preparation of the figures 

XVI. Outlook 

Date 

June 1978 

June 1978 

September 1978 

This is a "one-shot" project that should essentially be complete by 
30 September 1978. The only possible costs that might occur during FY79 
would be one months additional salary associated with time required for 
editing and final report preparation 

XVII. The standard statements numbered 1, 2, 4, 8, 9, and 10 (see instructions 
for preparing renewal proposals to OCSEAP/NOAA) are applicable to the proposed 
program and will be binding under the contract. 
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UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 98195 

TO: 

TYPE OF SUPPORT REQUESTED: 

TITLE OF PROJECT: 

PRINCIPAL INVESTIGATOR: 

AMOUNT REQUESTED: 

DESIRED CONTRACT PERIOD: 

UNIVERSITY OFFICE TO BE 
CONTACTED REGARDING CONTRACT 
NEGOTIATION: 

DATE : __ 2;;:.;2;;:;....,..;J;...;;u:;;:::n;.::e---=:.1.::...9 7:...;7:..._ __ _ 

OFFICIAL AUTHORIZED TO 
GIVE UNIVERSITY APPROVAL: 

REF: P77-50 

Outer Continental Shelf Environmental 
Assessment Program 
National Oceanic & Atmospheric Administration 

Contract 

Current Measurements in Possible Dispersal 
Regions of the Beaufort Sea 
R~search Unit: 91 

Knut Aagaard, Research Associate Professor 
Department of Oceanography 
College of Arts & Sciences 
University of Washington 
Seattle, Washington 98195 
Telephone: area code 206, 543-7978 

$99,632 

1 October 1977 - 31 July 1979 

Grant and Contract Services 
1 Administration Building, AD-24 
University of I.Jashington 
Seattle, Washington 98195 
Telephone: area code 206, 543-4043 

Francis A. Richards 
Associate Chairman for Research 
Department of Oceanography 

-------- -
Joe S. Creager, Associate Dean 
College of Arts & Sciences 

Donald R. Baldwin, Director 
Grant & Contract Services 
1 Administration Building, AD-24 
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Technical Proposal 

I. Title: Current Measurements in Possible Dispersal Regions of the 
Beaufort-Sea 

Research Unit No.: 91 
Present Cqntract No.: 03-5-022-67, T.0.3 
Proposed Dates: 1 October 1977-30 September 1978 

II. Principal Investigator: Knut Aagaard 

III. Cost: 

c. $99,632 
D. Beaufort Sea - 100% 

IV. Background 

Anchored current measurements are an essential and integral component of 
any modern oceanographic study. Prior to the present OCSEAP work, there had 
only been one time series current measurement of significant length on the 
Beaufort shelf. This was from a single instrument moored in water 54 m deep 
abou~ 70 km ENE of Barrow during 15 days of August 1972. Other current 
measurements were also from summer and had been made in water shallower than 
20 m; the records are of very short duration. During the spring and summer 
of 1973 we obtained two four-month long current records from the inner part of 
Barrow Canyon, whence waters enter onto the Beaufort shelf. By piecing 
together these observations, along with the indirect evidence provided by 
summer hydrographic measurements, one could arrive at some general ideas about 
the circulation on the Beaufort Sea shelf, primarily during summer. 

Water originating in the Bering Sea and modified in its passage through 
the Chukchi flows NE th~ough BarrowCanyon at speeds as high as 100 cm-sec- 1 • 
Subsequently, the majority of this flow probably turns eastward and enters the 
Beaufort Sea. On the shelf some 70 km ENE of Barrow, the eastward motion has 
been observed to average 60 em sec- 1 during a six-day interval. The eastward 

·flow, concentrated ori the outer shelf, can be traced through hydrographic evi
dence at least ·as far as Barter Island at-143°W. Measurements have shown that 
changes in the meridibnal atmospheric pressure gradient can temporarily~ 
reverse the flow in Barrow Canyon, and apparently also on the western 
Beaufort shelf. 

Summer observations have also indicated the likelihood of an intermittent 
upwelling regime on the eastern part of the shelf. It appears that the up
welling is a reRponse to locally strong easterly winds, and that the water 
upwelled onto the shelf moves westward. 

While tidal ef~ects have been thought to be small, storm surges and 
related effects may be important in promoting significant changes on short 
time scales. 
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Earlier studies have contributed essentially nothing to knowledge of the 
advective exchange between the shelf and the deep basin. 

In the Beaufort Sea we have been involved in the OCSEAP in two ways. One 
has been execution of a seasonal series of CTD sections across the Beaufort 
shelf and slope. One general result of this work particularly bears on the 
present discussion, viz. the Beaufort Sea shelf is not neutral with respect 
to the Arctic Ocean to the north. Rather there are one or more forms of 
interaction, in which water and the substances it transports are exchanged 
between the shelf and the offshore regions. A dramatic example appeared in 
the series of four sections run in,the fall of 1976. These indicated an 
intense subsurface current core sweeping up the slope and onto the shelf, 
flooding at least one section to the innermost station with dense, saline 
water. 

Our second effort in the Beaufort OCSEA Program has been moored current 
measurements. The results to date indicate that at least in late Hinter the 
currents on the inner shelf are slow, generally less than 5 em sec- 1• Long
term mean currents are extremely small, representing net displacements over 
a week of only 1-2 km. Two time series from north of Nowhal Island showed 
these small displacements to have been WSW. Tidal currents do not appear to 
be much above 1 em sec- 1 in winter. 

On the outer shelf an entirely differ~nt situation prevails. Measure
ments made at 100 m under the ice from May-September showed the flow to reach 
over 55 em sec-1, and even over a three-month period the mean flow was 13 em 
sec- 1 toward the east. Pollutants reaching the outer shelf at sub-surface 
depths could thus be transported 1000 km eastward in three months. The most 
remarkable feature observed was the dominance of the motion by low-frequency 
variations with a typical time scale of ten days. These oscillations 
represent bursts of speed as high as 50 em sec-1 or more; they are directed 
eastward and are aligned approximately with the shelf edge. Between the 
bursts there were shorter periods of westward motion, the maximum observed 
speed toward the west being 26 em sec-1. There is some reason to believe that 
these motions are a response to atmospheric forcing, but we have not yet 
resolved the matter. Tidal currents are in the neighborhood of 5 em sec- 1 

and a diurnal inequality probably prevails at times of high lunar declination. 

The implication of these measurements with respect to the transport and 
dispersal of·pollutants on the Beaufort shelf is th~t tl1e ice-covered inner 
and outer shelf represent very different advective regimes. Over the former, 
currents are ~veak and net displacements are small. However, over the outer 
shelf there are strong currents and pollutants.can be transported very long 
distances. 

The work proposed here for FY 1978 concentrates-on this more active cur
rent regime and its variability. 
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V. Objectives 

The principal objective is twofold: 
series of current and temperature over a 
to have a very strong and variable flow. 
be a very effective dispersal region. 2) 
farther in on the shelf, trying to bridge 
inner quiescent (at least in winter) one. 

1) To obtain two year-long time 
portion of the shelf which appears 

Such an area could be expected to 
To obtain two year-long series 
the outer active region and the 

VI. Strategy 

We will deploy two moorings, each with two internally recording current 
meters; the meters·have temperature sensors. Experience in the OCSEAP so far 
indicates mooring recovery through the ice to be both practical and the 
simplest approach to the measurement problem. We will deploy as soon as ice 
forms in the fall, probably the second one-half of October, and recover one 
year later. 

VII. Sampling Hethods 

The moorings will be located at about 200 m and 100 m 
The deeper one will almost certainly be in an active area. 
meters will be 65-70 m below the surface, out of the reach 
and the lower ones about 15 m above the bottom. 

VIII. Analytical Hethods 

Standard time series analyses will be used. 

IX. Problems 

At this point no major difficulties are anticipated. 

X. Products 

A. 1. 
2. 

Current speed and direction, temperature 
See attached Data Products Schedule 

depth off Lonely. 
The upper current 
of drifting ice, 

B. Narrative of the circulation over the Beaufort Sea shelf, including 
analysis and calculation of vector means and trends over various time 
scales, examination of unusual or special current events, and normal. 
time series varinnce analyses. 

C. Craphical representations to be included 1n the reports. 
D. None 
E. See attached Data Products Schedule. 

XI. None 
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Data Type Media 
(ie. Intertidal, ·(Cards, cod
Benthic Organisms,· in~ sheets, 
etc.) tapes, disks) 

Current meter records ~~g tape 

Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

OCSEAP 
Format 
(If known) 

4 meters running o\S 
on 40 min. cycle 
for one yea~ recording 

. 3 parameters = 
157~680 records 

Processing and 
Formating done 
by PI 
(Yes or No) 

yes 

Co11 ection 
Period Submissio~ 

(Month/~ear to Month/Year) (Month/YeJr) 

10/77-10/78 3/79 
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XII. 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. 

XIII. None 

XIV. See attached forms. 

XV. See attached Milestone Chart. 

XVI. Outlook 

No further work is anticipated once analysis of these data is completed. 

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 in July 1979. 

3. At the option of the Project Office the P. I. is p.repared to travel 
to the Project Office at least twice during the contract year to 
l"eview 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. 

4. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation form (NOAA 24-13). 

5. Data will be submitted in March 1978. This does not apply to 
report requirements (see par. 2). 

6. ~Uthin 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. 

7. Title for all property purclwsed with OCSEAP funds remain with the 
U.S. Government pending disposition at contract termination. 
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-------·---·----·---------------------------------------------; 
C. -~.Is:C:?_;~T s:.:!?PO::ZT - H2LICO:'TER 

I:, I -l. Delin~at~ proposed transects and or station sche~e on a cha~t ot the area. 
(Note~ If flights are for tr~nsport of personnel or equip~ent only from base 
camps to fi~ld caQps and visa versa, chart subQission is not necessary but 
origin and destination points should be listed) 

The two mooring sites are approximately 35 and 45 nautical miles 
NNE from Lonely. 

z. Describe types of observations to be Eade • 

. ! Deploy and retrieve moored current meters. 
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J. wnat is ~he optimum time chronology of observations on a seasonal basis. and what 
is the maximum allowable departure from these optimum times? 

Deployment must be in October 1977 and recovery in October 1978. 

4. How ~any days of helicopter operations are required and how oany flight hours 
per day? Two days. are required to deploy and 4-6 days to recover, each of 

approximately 6 hours flying. 
Total flight hours? 36-48 hours, staging not included. 

5.. How many people are required on board for each flight (exclusive of the" piloc)? 

4 

6. ~~at are the weights and dimensions of equipment or supplies to be transported? 

Total weight is about 3600 lbs. each mooring on deployment and recovery· 
All equipment can be broken down to fit inside a Bell 205 or UHlH. 

7. What type of· helicopter do you recommend for your operations and why? 

Bell 205 or UHlH, based on previous experience. Must haVe muff heater. 

8. Do you reco!llreend a particular source for the helicopter'? If "yes" please name 
the source and the reason for your recommendation. 

Charter, e.g. ERA, .Evergreen, or NOAA, based on previous experience. 

9. What is the per .hour~harter cost of the helicopter? 

N/A 

10. Where do you recommend that flights be staged from? 

Barrow, Lonely 

11. .l.J'ill special.tlavigation and communications be required? 

VLF (GLOBAL or ONTRAC) is required. 
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·--------------~-
0. Ct." A:."'-1Z.\.:) _.:._;.) ;:; 0 ... b 1::5 ~- .::i~C t:; .)ui:' c'U.-{T 
1. t.;nac are your requirements .r:or qmters :J.od. suosistt!.!1.Ce in the field :J.r~a7 

(Thase requirements should be broken down by (a) location, (b) calendar period, 
(c) number of personnel per day and total man days per period) 

Octqber 1977 Barrow - 4 men, 56 man days 

October 1978 Barrow - 4 men, 5o man days 

Back-up accommodations at Lonely (oil camp) should be arranged ~n·case 
situation (weather, unusual field circumstanc~s) requires. 

·2. Do you recommend a particular source for this support? If "yes" please name 
the source and the reason for your recommendation. 

Barrow - NARL - sole source. 

----------~--------------~-----------------------------------------------~------------------3. What is your estimated per man day cost for this support at each location! 

N/A 

How did you derive this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established co~~ercial 
rates at the location or on estimated costs to establish and maintain a field 
camp? 

N/A 
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Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or s·cientific 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 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. 

9. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The follow
ing standard acknowledg~ment is acceptable. 

"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 Continenttal Environ
mental Assessment Program (OCSEAP) Office." 
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MILESTONE CHART 

RU U: .. -----·~91~------- . pI: Knut Aagaard 

Major Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

k1AJOR MILESTONES 19_11 1.9 7_8_ 
_a N 0 .. J F t-1 A tj J J - In 
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E.t''.t'ECTS OF PETFDIEUI"·1 EXPOSU?E ON THE, BREEDING ECOIDGY OF 'IEE . GULF OF' AUtSK/\ 
~""FBF.ING GULL GROUP (Larus argentatus x Larus glaucescens). 

Research Unit: #96 

Principal Investigators: Dr. Frederik B. Bang, r:!.D. 
Sa.utle l f'·I. Pat ten, T,. 

v ...... ' M.Sc. 

Institution and Departrr:ent: The Johns Hopkins University 
School of Hygiene & Public Health 
Department of Pathobiology 
615 North \·!olfe Street 
Baltirriore, l·'Iaryland 21205 

Date of Proposal: Jlli1e 10, 1977. 

S!p;natures: 

Principal Investig 
& -.iitvd 

Name For Frederik • Bang, M.D. Date 7/28/77 
Address The Johns Hopkins University, School of Hygiene and Public Health 
Telephone Nlli~er 301-955-3459 

Required Organizatio 

Narne Vincent P. "Centurelli, As st. Dir. of Business Mgmt. Date 7/28/77 
Address The Johns Hopkins University, School of Hygiene and Public Health 
'l'e lephone Nu"P.ber 3 0 1 - 9 55- 3 2 56 
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'IECHNI;CAL PROPOSAL 

I. Title: EFFECTS OF PETROLEUM EXPOSURE ON THE BREEDING ECOLOGY OF THE GULF 
OF ALASKA HERRING GULL GROUP (Larus argentatus x Larus glaucescens). 

Research Unit Number: RU #96 Contract Number: 

Proposed Dates of Contract: 30 September, 1977 - 30 September, 1978. 

II. Principal Investiga~ors: Dr. Frederik B. Bang, M.D. 
Mr. Samuel M. Patten, Jr. 

III. Cost of Proposal: 

Total $ 30, 175 

Distribution of Effort by Lease Area: NEGOA - 100% effort. 

IV. Background: 

This research proposal is addressed to the following task: a continuing 
analysis of the effects of petroleum exposure and offshore oil developrrent 
on the breeding ecology of the Gulf of Alaska Herring Gull group (Larus 
argentatus x Larus glaucescens). 

The devastating effects of massive oil spills on seabird survival are 
~·lidely reported, but little is lma .. m of the effects of oil on avian 
reproduction (Grau et al, 1977). Previous studies of oilL~g of seabird er,gs 
suggests hatchability is markedly reduced (Gross, 1950, Birkhead et al, 1973, 
Pat ten & Pat ten, 1977). Ri ttingpaus ( 1956) and Hartung (196 3, 1964, 1965) 
reported marine birds cont8rninate eg-,gs with oil frorn the environ~nt and 
hatching success of eg£P thus exposed to petroleum was markedly reduced 
even after extended periods of incubation. Abbott, Craig and Keith (1964) 
SUf_gested that oil interferred with nomru respira,tory exchange throug!1 
the eggshell, while Szaro and Albers (1976) found hatching success of eider 
egr:s was significantly reduced by rniloli ters of petroleum exposu...'"'e, that is, 
very small quantities. · Patten and Patten (1977-RU96) have recently found 
North Slope Crude Oil 22 times more toxic than eqUivalent amunts of mineral 
oil under field conditions~ Grau et al (1977) have confirrr:ed in laboratory 
e>,:periments that small amounts of bunker C oil significantly depresses bird 
reproduction. Oil exposure has been used in the past to control gull 
populations along the Eastern Seaboard of the united States and in several 
~·Jester'll U.S. wildfowl refuges (Gross, 1950; P.. King, pers. co~.). In <=> 

sur.mary, literature on effects of oil exposure on the reproduct1on of marin~ 
birds is limited. Studies that do exist SUf~est high toxicity of petroleum 
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to eggs, and marked effects upon reproductive prodl_Jctivity of few.ales. 
Complete kno'Hledge of the effects of petroleum exposu....~ in various 
forms is needed to evaluate the full impact of oil pollution in marine 
bird populations in addition to further knmlfledge of the a'1l1ual productivity 
of those populations. 

The research addressed to in this proposal will provide information of 
the effects of both Nort~ Slope Crude Oil and wineral oil on the hatching 
success, incubation behavior and fledging success of a key seabird species 
nesting on barrier islands proximity to Valdez tanker lanes and offshore 
oil lease areas. 'Ihe results of this yea.rr.~ s study vrill expan~. prev'ious 
knowlect.:,o-e of marine bird annual productivi-cy and results of petroleum 
eJ~.-posure on these populations. · 

V. Objectives: 

Field work conducted during FY78 will include further studies on the 
annual variability in breeQ.ing ecology and pathobiology of gulls in 
conjunction with additional studies on the effects of petroleum exposure 
on reproductive success of large gulls, supported with other marine bird 
species (Larus canus, Caladris minutilla, Sterna aleutica). Specifically 
both field and laboratory ..-rork will be designed with the following 
objectives: 

1. Determine seasonal changes i..11.density and distribution. 

2. IdentifY critical habitat. 

3. Identify major migration routes. 

4. Further identification of large gull breeding localities in 
the northeastern Gulf of Alaska. 

5. Evaluation of the impact of petroleu."Tl on the hatching success 
and chick survival of gulls and other selected species. 

6. Describe population dynamics and trophic relationships of Herring 
and Glaucous-winged Gulls iri the study area. 

VI. General Strategy aYld Approach: 

He. propose to continue our examination of the effects of petrolet.un 
exposure on the breeding success of large gulls (Larus arg€mtatus and 
Larus glaucescens), which are common inshore and marine scavengers nesting 
in ·colonies. ltle will expand our investigation from the largest gull colony 
in the northeast Gulf of Alaska, Egg Island, located 10 km SE of Point 
i•lhitshed and 20 km south of Cordova (60° 23' N, 1450 46' vi) to include 
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an a~alysis on the reproductive productivity of gull colonies located 
at Dry Ba.y, 75 lan south of Yakutat, ( 590 10 1 N, 1380 35 1 \•1), Icy Bay, 
and 1\Tiddleton Island. \\!here key seabird colonies coincide with oil 
spill impingement areas, such as around !iinchb.brook Entrance, Cape St. 
Elias, Pt. Riouin Icy Bay, and Yakutat Ray Islands, a prospective ta~er 
terminal site, the significance for flirther research becorres apparent. 
Logistically, Yakutat Bay Islands, Icy Bay and Niddleton Island are most 
accessible and contain key seabird species. 

Effects of petroleum exposure hinge on transfer to er-,g surfaces by 
·adults at egg-laying or during incubation. We are planning experiTTients 
to test all likely pathways of oil exposure; including transfer of oil to 
eggs by adults and possible transport by ~dnd or debris from oiled beaches. 

Oiling of adults, eggs and chicks 'tlill be continued through the 
1978 breeding season. 'Ihe first season of. experiments has indicated that 
surface application of North Slope Crude Oil causes high mortality to gull 
ef,gs. Equivalent amounts of mineral oil also reduce hatching success, 
suggesting both physical and chemical activity. At present we are 
testing the effect of lOul, 20ul, 50ul, and lOOul of petroleum applied 
to the outside of eE~s, dur-ing various stages of incubation. 

our research to date has indicated that behavior pathologies resulting 
from petroleum exposure are equally as important in functional effects of 
petroleum exposure as direct studies of toxicity. Such behavior studies 
can only be conducted in the field, and fonn an integral part of continued 
research. 

VII. Sampling methods: 

North Slope Crude Oil in continued experiHJents \dll be used to test 
toxic effects on eggs and chicks. 

r'!ineral oil will be used to test gas exchange inlpai:rrrent of eggs a~d 
as a control for behavior experL~nts on chicks. 

Ep:,g exoosure. Oil \•lill be delivered to eggs in marked riests by application 
from microliter syringes with repeating dispensers. 'Ihis method vrill allo-...r 
for precise control of tiny amounts of petroleum exposure. Petroleunr exposure 
'\•rill be in 5, 10, 20, 50 and 100 microliter doses at three (3) stages of 
]ncubation. Five seabird species (Larus arrsentatus, Lart.ts glaucescens, Larus 
canus, Sterna aleutica and CaJidris Tii:i!iUtfiia have been selected for investigation. 
l'~:ineral oil will serve as beforeas contr'Ol i·ri th dosage in equivalent amounts. 

Cnick exposure. Effects on chicks may include: a) external thermo
regulatornJ disturbance; b) internal metabolic disruption; c) irrpairrr:.ent 
of visual recognition patterns by which adults recognize young (Patten & 
Patten, 1976) . He \•rill construct ex closures around portions of gull colonies· 
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Adults lr'rill have access by flight only. Chicks will be enclosed until 
capable of flight ( 40-45 days). Chicks will be banded for individual 
recognition. Oil will be administered to chicks to simulate beach or 
intertidal exposure. Another chick sample will be oiled on head feathers 
to evaluate disruption of recognition patterns. 

'Ib document reproductive productivity '.>~e wi11 ascertain clutch size, 
repr:xiucti ve synchrony, eg-,g and chick weights, distance to nearest neig.,hbor, 
fooo items, er.,g and 'chick mortality, and fledgjng success. 

\-le "rdll gather supporting infonnation on habitat utilization, pla'1.t 
species, soil samples, and other animals inhabiting area of the breeding 
colonies. 

lfle will provide maps and charts delineating habitat, feeding areas, 
and local and seasonal migration routes. 

VIII. Analytical methods. 

Experimental results Will be compared to the standards previously 
established for "normal" Alaskan gull reproduction (Patten, 1974; 
Patten & Patten, 1975, 1976, 1977). Egg loss through predation has been 
the principal factor influencing hatching success and fledging rate in 
previous studies. Chick mortality has been most often due to adults attacking 
strange chicks; weather is also a factor influencing chick mortality. 

We will include further analyses and interpretation of data collected 
during FY 76 and FY 77 on gull population ecolog,y. 

Data will be provided in the form of Coding Forms to an agency mutually 
agreed to with the Project Office for the ~urpose of further processing to 
ADP format. A ~pecification of data sufficiently precise to allow ADP 
format design will be provided within 60 days of the start of the contract. 

Schedules and approximate quantities of data to be furnished will 
be provided within 60 days of the start of the contract and will subseq~zntly 
be up-dated at least quarterly. 

Procedures follm:ed in quality control aYJ.d data acquisition vdll be 
documented for approval by the Project Office. Printouts of all data in 
its final form will be checked for accuracy by the P. I. according to 
procedures mutually agreed to with the Project Office. 

XI. Anticipated Problems: 

Our anticipated major difficulties are miniinal, and revolve around 
severe \'leather conditions disrupting reproductive cycles, and human 
disturbaTlce in the study areas (egging)~ \<Ie have discussed this aspect 
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XI. continued. 

in our FY 1977 proposal. To date tve have not encountered any of the above 
conditions. 

X. Deliverable products:. 

A. 1. Digital Data submitted to NODC on coding forrT\S .for conversion to 
magnetic tapes in such OCSEJ'I.P approved formats as appropriate 
(Flle type 035). 

2. see attached Data Products Schedule. vie will process and format 
digital data into OCSEAP format. Projected amount of digital data 
l'l'ill be approxirr.ately 5 ,000 records. 

B. Narrative Reports: 

N~~ative reports will detail the spatial and temporal distribution and 
density of heiTing and glaucous-winged gulls in the northeastern Gulf of 
Alaska with specific attention to species diversity, fledgling success, 
food habits, age structure, mortality and survivorship. In addition, the 
effects of petroleum on the hatching and fledging success of these populations 
will be documented and evaluated. · 

C. Visual Data: 

Visual data will identifY the existing gull colonies in the northeastern 
Gulf of Alaska. Maps showing migration patterns and seasonal movements of 
gulls will be provided. Figures, tables and c<:xnputer generated plots will 
supplement the narrative report by illustrating the follO\'ling: 

1. Species present at each rookery 

2. Estimates of numbers 

3. Pathobiological parameters, including antibody levels to 
selected diseases such as influenza and ornithosis. 

4. Reproductive snychrony, clutch size, territory size, nesting 
habitat, and food habits. 

5. Effects of different levels and manner .of petroleum exposure 
on the hatching success of gull eggs. 

Photographic material will be provided of nesting and feeding areas 
important to bird colonies. Photographs depicting methods of petroleum 
exposure and results will be provided. 
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D. Other Non-Digital Data not expected. 

E. Data Submission Schedule: 

Continued analysis of data on ~ope tic tape i•Jill begin October 1, 1977. 
First data collected fromthis contract will begin April, 1978, at selected 
colony sites. Data will be submitted by quarter. (See attached Data 
Products Schedule.) 

XI. Information Required from Other Investigators: 

No data will be required from other investigators to carry out proposed 
work. 

XII. Quality Assurance Plans: 

No calibration required in our study. , Quality control wilLiilclude 
100 per cent proof-reading of NODC data printouts. Info~ation transcribed 
from field books onto coding fonns will be 100 per cent proof-read by P. I., 
prior to submission to NODC. 

XIII. Special Sample and Voucher Specimen Archival Plan: 

Adult specimens that may be collected \'/ill be housed at the National 
Museum of Natural History, Smithsonian Institution. 

XIV. Logistics Requirements: See attached form Log-J.stics Requirements. 

J31. Management Plan: 

See attached Activity/Milestone/Data Yanagement Chart. 

Population Ecology 

Location: Dry Bay, Alsek River mouth, Ya1rutat, Alaska 
Icy Bay, 66 miles north of Ya1rutat 
Middleton Island, NEGOA 
Bering River, Copper River Delta 

'I1.n:e Span:April through September, 1978. 
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Activity: Sample Size 

l. Colony survey, detem.ine density and distribut.ion of birds and 
other species in study area. 

,_.; 

2. Reproductive survey, rr:ark individual nests, measure intemest 
d.i.s tances, determine clutch size, reproductive synchrony, egg 
loss, hatching success, chick mortality, and fledging success. 

3. Banding and color-marking of adults and chicks. to determine 
local and seasonal rrigratory movements. 

4. Delivery of North Slope Crude oil to eggs, chicks a~d adults. 
Delivery of mineral oil as control to eggs, chicks and adults. 

5. Determine toxic and behavioral effects of petroleum exposure. 

6. Laboratory work on serology and virology. 

Analysis, Data Preparation 

Location: 'Ihe Johns Hopkins Universtiy 

Time Span: October through M.arch 1978. 

Activity: 

1. Continued analysis of data collected during FY76, and FY77. 

2. Preparation of figures, tables and co~uter generated plots. 
Mapping of local and seasonal population movements and migration 
patterns. "' 

3. Initial transfer of data to coding forms. 

4. Preparation of Quarterly and Annual Reports. 

5. Literature Review. 

XVI. Outlook: 

4 colony sites 

100 nests 

2,000 birds 

100 nests 
100 nests 

100 nests 

250 serum 
samples 

He recornrrend a continuation of concentr·ated investigations of the 
breeding ecology and \.<Tintering ecology of large gull~ in the Gulf of Alaska. 
~~alysis of reproductive parameters is necessary to gauge the relative health 
of these populations prior to oil development and to provide models for 
future comparison. 

l. 'Ihe nature of final results and data products: 

Complete inventory of all major colonies in NEGOA. Establish 
reproductive indices for these colonies, including density, distribution, and 
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critical habitat. 

Determination of precise a;nounts of petroleum exposure that will 
signif1cantly depress hatching success and chick survival. 

Effects of petroletnn exposure on behavior a.'1d pathobiology. 

Seasonal and migratory movements of gulls. Banding returns to date 
suggest a southern shift of these populatia.9.s in winter, perhaps leaving 
the NEGOA study area entirely, with replacement by more northern and 
interior populations wintering on the south coast of Alaska. Tnese 
-populations are completely uninvestigated at present and will be subjected 
to petroleu."Tl development effects just as are breeding and sunmering 
populations. We propose further investigations of wintering populations 
of gulls-lin the NEGOA area during FY79. 

'l;le suggest a large-scale banding and color-marking scherr:e of wintering 
birds. L~vestigations will focus on major feeding and resting localities in 
proximity to areas affected by human development {Cordova, Yakutat). Our 
studies indicate that gulls increase with hurr.an development. We propose 
a mor~ intensive investigation of pathobiological parameters of these 
populations since r~cent evidence indicates tha~ gulls are highly COl••IUiensal 
and dependent upon artificial food sources and are potential disease vectors. 

2. Cost by fiscal yearr 

Current funding @Ltdelines ar~ sufficient to L"Tlplement ~re investigations. 

3. Additional major equipment required: 

None projected at this time . 

4. Location of future field efforts: 

NEGOA 

5. Logistics requirements: 

Logistics requirements will not be sif,llifica11tly different from FY78. 
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Updated Jl.ctivityl_iVf;ilestone/Data Management Charts will be 
submitted quarterly. 

Quarterly reports will be submitted in Sl'ffi_cient time during 
the contract year to be in OCSEAP hands by the first day of 
January, July, and October, annual reports by April 1. Tile 
Final Report will be submitted within 90 days of the termination 
of the contract. 

~lliere biota are concerned, all species and higher categories 
will be represented by the voucher specirrens that will be 
preserved, labelled, held, &1d shipped to an official OCSE.4P
designated repository in conformity with OCSEAP voucher 
specimen policy. Vouchering will include life his tory stages 
(e.g., l~rae, juveniles, adults) when these~ used, and 
sexes where these are morphologically distingutshable. 

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 reviei'l 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-~dll be borne by the Project Office. 

Data idll be provided in the form and format specified by 
OCSEAP, accompanied by a data doctJinentation form (NOA.o\-24-13). 

Data will be submitted within 120 days of the completion of 
a cruise or 3 month data collection period, U."1less a written 
Naiver has been received from the Proj~ct Office. 'Ihis does 
not apply to report requirements (see par.2). 

\fithin 10 days of the completion of a cruise or data gathering 
effort, a ROSCOP data collection inventory form (NOM 24-23) 
will be submitted to the Project Data P.1a."1a..:,o-er. 

Title for all property purchased with OCSEAP hmds remains 
with the U.S. Government pending disposition at contract termination. 

'Three ( 3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific material developed under 
OCSEAP ftmds idll be submitted to the appropriate Project Office 
at least sixty (60) days prior to release for information and 
for fo:r".-:arding to BUt 'Ihe release of such material within a 
perioj of less than sixty (60) days shall be made only ~rith 
prior \vritten consent of the Project Office. News releases 
mll first be cleared with the appropriate Project Office. 

All publications and presentations of material developed under 
OCSEAP fLu1ds will acknowledge BU'lOCSEAP sponsorship. 'Ihe 
following acknowledgment is standa..n::L 

"'Ihis study was supported by tl'}e Bureau of Land 
JV!anagement through intera,_~ncy agreement with the 
Nat1onal Oceunic and Atmospheric Adrninistration, 
under which a multi-year program responding to 
needs of petroleum develop;nent of the Alaskan 
continental shelf is managed by the 0~ter 
Continental Shelf Environr:~ental Assessrr.ent 
Program (OCSEAP) Office." 
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1. Delineate p~opos~d flight lL•es on a chart of the area. Indicate desired flight 
altitude on each line. ()fate: I_f,,flights are for transportation only. chart 
submission is not necessary bu~ 6rigin and destination points should be listed) 

n/a to US a/c; transportation only from Yakutat to 
Icy Bay; Dry Bay; Cordova to" !VJiddleton Island and return. 

2. Describe ty~es of observations to.be nade. 

4. 

5. 

6. 

n/a transportation only 

wnat is che opti~u~ time chronology of observations OQ.q seasonal basis and what 
is the ma:dr.ruc allowable departure from these optimum times'? (Key to chart 
prepared under Item l when necessary for clarification) 

n/a 

Hat-1 many days of flight operations are required and hm..r many fU.ght hours per day? 

Do ycu consider your investigation to the principal one for the flight thus 
precluding other activities or requiring other activities to piggyback or could 
you piggyback? 

n/a 

What types of special equipment. are required ·for the aircraft (non carry-on)? 
n/a · · 

Wh~t are the weights, dimensions, 
uniq~e to the specif~c equipment. 

pmfe"J.fi requirements, and installation problems 

n/a 

----~~~----------~----~~--~~--~------~~-------------------------------~---------------~ 7. \O:hac are the weights, dimensions and pat-Ter requirements of carry-on equipment:? 

n/a 

8. V.Tb.at.type of aircraft is best suited for the purpose? 

When req,uired we will. charter small aircraft n/a to government a/ c 
9. ·Do you recoiil:Ilend a source for the aircraft? 

If "yes" please name the source and the reason for your recommendation. 

available coiTI!'rercial charter in Yakutat and Cordova:Gulf Air Taxi; Chitina Ai 
10. wnat is the per hour charter cost of the aircraft'Z 

$80/hr 
11 ~ HoH n::.ny people are required on board for each flight (exclusive of flight cl:et-1)? 

PI and assistant (e.g. 2) 

12. Where do you ·reco=m::~end that flights be staged from? 

Yakutat and Cordova 
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1. \~n.at are your requirements i:or:,quarters aod subsistt!.nce in th.e field- ar~a7 
(These requirements should be broken down by (a) location~ (b) calendar period~ 
(c) number of personnel per day and total nan days per period) 

(a) Cordova ~1ay-Sept 78 
(b) Yakutat ~ay-Sept 78 
(c) Middleton Island rtey-sept_ 7 8 

2 personael per day when out of field 
II 

II 

II 

Cordova and Yakutat: cooperative agreement vlith USFS Regional Office provides us 
with quarters as needed when we are oub of the field and occasional logistical 
support on a no-cost basis ii1 return t'or access to research results and 
reports submitted to USFS Regional Office. Middleton Island FAA provides 
quarters to US contract investigators. on a fee bas.is. Forest Service also 
prov:Edes ·field cabins under coop agreerrent. 

2. ·Do you reco!ll.Iilend a particular source for this support? If 11yes11 please name 
the source and the reason for your recommendation. 

We arTange for these cooperative agreements through the· Johns Hopldns 
University and the United States Forest Service Tbngass/Chugach Region. 

3. What is your estimated per man day cost for this support at each location? 

No cost in Cordova and Yakutat; .Middleton Island FAA .$5. 00/day. 

How did you derive this figure> i.e., v1hat portion represents qua17ters and ~-~hat: 
portion represents subsistence and is the figure based on e\tablished corr~erci.al 
rates at the location or on estimated costs. to establish and maintain a field 
camp? 
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F.. SPZCL'\!... LOGISTICS PR03LE.HS 
1. \~•at special logistics problems do. you anticipate under your proposal and hew 

do you propos~ that the p.roble.ms. b.e solved? (Provide cost estimates and in
dicate >Jhether you propose handling the problems yourself or 'tvhether you must 
depend on NOAA to solve them for you? 

We anticipate no special logistic problems and have had none in six years 
Alaskan contract research with USNPS and NOAA. 
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Data Type 
(ie. Intertidal, 
Benthic Organisms, 
etc.) 

Marine Birds 

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

· Cod:lng sh~ets 

Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

5,000 records 

OCSEAP 
Format 
(H known) 

035 

Processing and 
Formating done 
by PI 
(Yes or No) 

P.I. Yes 

Collection 
Period Submission 

(Month/Year to Month/Year) (Month/Year) 

AP-ri1/1978 to September/1978 

Submission: 
November/1978 
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RU #: --~96~---------

MILESTONE CHART 

p r : Bang/Patten 

Major Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

J-._:-l1 A S Q N- _D. J-
--- - ....:...<... _.,_ ---~ - 1-- --1···-

.__,.. l._ 
l 
t 

·- -·-- I - - - - ...,.--Preparation of figures and computer generated plots X X 

I 

- I - ;-
·Initial transfer of data to coding fonns X X 

I 
I Literature Review, preparation of Quarterly Report 

- - 1.-

- - I - -

!~ - -
f.-

I I ·- - -·· ----·~ 

·X X X X I 
I 
I 

·-- -- ;_ 
X X X X I - -· 

I X X I - - -
X I u X 

- -- -~- -
- - X I 

~-~ 

- - r--·-~-t-

Serological laboratory investigations on pathobiology 
l_;;;.=..;=.>==;:._;;;;.;;.;.;....:;.;....;..;._,.~---..::.:...---_..:;.------!·-1--!- ,___ - --

Preparat·ion of annual report, review of computer runs 

I):!parture for field season. Begin on-site collection 

---------~--!--+- ··-1--+-11--+---, 

Begin coding information for submission to NODC ! l 
Beg;irl data anaJ,ysis, begin preparation of Final Report ~=~-I -+- -'-· 

·I -----------

:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. ~~~~~---_-_-_-_-_ "" ... 1-.;.....~-·- ---

· Field investigations, Dry Bay, Icy Bay 

Field investigations, r'liddleton Island, Bering .River 

Submission of Final Report 

X X X 

X X 

X 

~ 

l ~ I ,-r 
' '· ·'-"·-___,...-------------·"----=[.-_ ~-]-·_,] 



RU 96 

Dr. Herbert E. Bruce 

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

THE JOHNS HOPKINS UNIVERSITY 
SCHOOL OF HYGIENE AND PuBLIC HEALTH 

615 NORTH WOLFE STIU:E:'r 

BALTn10RE, MARYLAND 21205, tl', 8. A.. 

Eering Sea-Gulf of Alaska Project rilanager 
P.O. Box 1808 . ~ 
Juneau, Alaska 99802 

r:ear Dr. Bruce : 

August 5, 1977 
c/o U .. s. Forest Service 
F.:o. Box 280 
Cordova, -~ 99574 

Ref: FFX41-96-532 

\<Te are in agreement to the revisions to our FY 78 rene~t:al proposal as 
em:cr.erated by the Juneau Project Office and sent to us in your letter of 
23'Jul 1977. . 

\•re will list herein the revisions as indicated. 'Ihese revisions are 
to be .included in our FY 78 renewal Proposal as a formal Addendum to ·be attached 
to the RU 96-78 \-lork Statement . 

ADDENDtm 

RU 96 -·78 
\·Jork Statement 

1. Transfer of oil to eggs will b~ acconplished by capture of incubating adults 
\dth the subsequent oiling of breast feathers, feet and/or food. 

2. Additional data Ttlill be collected on seasonal density/distribution, migration, 
and trophic relationship of the Gull populations. 

3. 'Ihe ne\'1 (NODC)tax:onomic code released in I'J!.a±'ch 1977, 'Niil be use.d in the RU 96-78 
data submissions (FY 78). 

4. t:.n itemised list of parameters to be used in the 035 format 'tdll be proVided 
to the Project Office with a definition of· the minimum and maximum permissible 
limits of values expected for these parameters. 

5. Photographic materials will be submitted as original photographs, 
photographic duplicates or be reproduced by processes equivalent to the 
xerox color copier 6500. 

6. Data products schedule should read: 
a. Formatting done by P.I. - yes. 
b. Processing done by P.I. - no. 

Sinc~re ly, ~ .ll / "'-:::1 
·· '\---- fi 1. . (ti Cy 02. 

.- ~...JL.;.~· ;.;1/1 ,·. ~-~. ~:.;' v£;r \.........-' -
Samuel !vi. Patten, Jr. 
M. Sc. Ph.D. cand. 
Associate Investigator 
Pathobiology 
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AMOUNT REQUESTED: 

DESIRED PERIOD: 

UNIVERSITY OFFICE TO BE 
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C. TECHNICAL PROPOSAL 

I. Title: Dynamics of Near-Shore Sea Ice 

Research Unit Number: R.U. 98 

Contract Number: 03-5-022-67, Task No. 5 

Proposed Dates of Contract: 1 October 1977 - 30 September 1978 

II. Principle Investigator: RobertS. Pritchard 

III. Cost of Proposal, FY'78 

Total 

Distribution of effort by Lease Area: 

IV. Background 

$56,807 

50% Beaufort Sea, 

50% Chukchi Sea. 

This project is designed to determine the motion of the pack ice cover 

in the region of the Continental Shelf of the Beaufort and Chukchi Seas, 

especially the ice motion from the Beaufort into the Chukchi Sea near Barrow, 

Alaska. Motion of the pack ice directly affects the behavior of an oil spill. 

The motion is one of the variables that may be measured directly in the inter

action of the sea ice with its environment and with manmade objects. During 

FY'76 we deployed an array of twenty buoys in the southern Beaufort Sea. 

During FY'77 we deployed an array of six buoys in the Chukchi Sea and two 

more in the Beaufort Sea. Analysis of the motion of these buoys to date 

has provided a base.line of information on how pack ice responds towinds in 

the atmosphere and currents in the ocean. Specifically, the results show 

how the ice n~ves under these conditions during these years. Deployment of 

an additional array will provide some d(~termination of year-to-year varia

bility. Also, since we intend to d(•ploy the buoys in the southw<~st reqion 
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of the Beaufort Sea to track their motions into the Chukchi Sea, we shall 

obtain information in an area not yet considered in much detail. 

In addition to acquiring a bas~line of motion data, this work is closely 

tied into modeling of sea ice dynamics that is being performed at the Univer

sity of Washington through the AIDJEX and other projects, including ongoing 

modeling for OCSEAP. The development and testing of any model of sea ice 

dynamics depends heavily on measuring both driving forces (winds and currents) 

and resulting output (ice motion). It should be pointed out that these data 

.are useful not only to modelers at AIDJEX, but are necessary to test models 

developed elsewhere too. 

The region of special interest that shall be considered for buoy coverage 

i ~ a str· i p of about 100-200 km offshore of the 1\1 aska coast to the west of 

Pt. Barrow. Large ocean currents and icl! mot ions as well as ano111alous ice 

conditions appear to provide ideal habitat for n~mmals and birds (as pointed 

out at the Barrow synthesis meeting, February 7-11, 1977) .. It is important 

to measure these motions accurately to learn what causes this behavior. 

V. Objectives 

fhe genera 1 purpose of this work is to study the ice dynamics on the 

Continental Shelf of the Beaufort and Chukchi Seas by determin·ing the ice 

motions and behavior from satellite-tracked buoys deployed on and drifting 

with the ice. Interpretation of these data shall help explain the physical 

mechanisms of the ice behavior. Our aims are to increase geographic coverage 

and to determine year-to-year variability of the ice behavior in the nearshore 

environment. 

Knowledge of this behavior is critical if we are to learn where oil will 

be advected by the ice pack when it is spilled. Thus far the data indicate 

that the pack ice outside the shear zone on the North Slope of Alaska would 
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transport the oil to the west and that if it were far enough north after 

moving west of Barrow, it would continue to go north and west. Saine of this 

oil could be trapped in the Beaufort Gyre. Depending on degradation rates, 

this oil could be transported back to Canadian waters. The remaining oil 

would apparently enter the transpolar drift stream. However, oil remaining 

near shore could be transported south into the Chukchi Sea. The possibility 

of oi.l moving into the Bering Sea cannot be assessed at this point, primarily 

because we are unsure of the ice motions near the Alaska coast in the Chukchi 

Sea. 

VI. General Strategy 

The data for this program is to be taken using air-droppable buoys 

(AD RAMS). We sha 11 dep 1 oy four of these buoys. A 11 wi 11 report' pas it ion 

and one will also contain a barometric pressure sensor. 

The state of development of air-droppable buoys indicates that this is 

becoming a fully developed technology which can be used to obtain data in 

arctic surroundings. The present data set from these ADRAMS buoys describes 

the conditions of ice motion in many locations in the Beaufort and Chukchi 

Seas. 

~~e expect details of the array geometry and of the time of deployment 

to be worked out with Dr. Gunter Weller. Generally, the buoys will be deployed 

during early spring of 1978. This will allow them to drift through the spring 

and into the summer breakup, a time of special interest. 

VI I. Sampling Methods 

Data buoys will be deployed in an array on the order of 100 km apart. 

The buoy with pressure sensor shall be farthest from shore to help define 

. . .1 1 · 'll b ade<1ua tc for reso 1 v-the barometnc pressure fwld. Tempera sJmp 1ng w1 e < 

ing daily displacements of the buoys and to provide dJilY synoptic scale 

barometric pressure. 

491 



VIII. Analytical Methods 

The methods of data analysis are described in·: 

Thorndike, A. S. 1973. An integrated system for measuring sea ice 

motion. Ocean •73, Proceedings of the 1973 IEEE International Confer

ence on Engineering in the Ocean Environment. 

Thorndike, A. S. ·and J. Y. Cheung. 1977. 11 Measurements of Sea Ice 

Motion Determined from OCS Data Buoys -October 1975 to December 1976. 11 

Appendix 1 of Annual Report to OCSEAP, this contract. 

Thorndike, A. S. and J. Y. Cheung. 1977. 11 AIDJEX Measurements of Sea 

Ice Motion - 11 April 1975 to 14 May 1976, 11 AIDJEX Bulletin No. 35. 

IX. Anticipated Problems 

None. 

X. Deliverable Products: 

A. Digital Data: 

1. Position of each buoy and barometric pressure as reported. 

2. List of digital products: see data products schedule. 

B. Narrative reports will not be issued separately but a narrative of 

the observed motion and deformation of the ice cover shall be a final 

product. 

C. Visual data shall be maps of the buoy (ice) trajectories. There shall 

be one map of each buoy trajectory and a composite map of all trajec

tories. A final data report will be prepared. 

D. Other non-digital data--none. 

E. Data submission schedule. Data will be collected upon buoy deployment 

and continue as long as the buoys operate (we expect data transmission 

to end during summer breakup for all buoys in the marginal ice zone). 

Data will be submitted quarterly (see attached data products schedule). 
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XI. Information Required from Other Investigators. 

None. 

XII. Quality Assurance Plans 

All buoys shall be bench tested and calibrated before deployment. 

XIII. Special Sample and Voucher Specimen Archival Plans 

None. 

XIV. Nanagement Plan 

The principal investigator will coordinate the work of all personnel, 

including the technical coordinator, who will be in charge of buoy deploy~ 

men't, and the scientific programmer, who win reduce the position and baro

metric pressure data. He·will aid in the interpretation of the motion and 

behavior of the ice pack. See attached milestone chart. 

XVI. Outlook 

It is important that the sea ice dynamics study continue. There is a 

need for continuing to increase geographic coverage and learning more about 

season-to-season and year-to-year variability. Ocean sensors must be deployed 

to get better understanding of the currents. These incur greater logistics 

and hardware costs than the ADRAMS buoys. We anticipate a ~odest buoy program 

similar to that proposed here, but with more comprehensive data analysis 

costing 100 K per year. As stated many times, buoy data alone is inadequate 

for understanding the complex air-ice-sea interactions. Modeling is required. 

We shall not pursue that subject in this proposal, but the work is necessary 

in other phases of the OCSEAP program. 

XVII. 

l. Updated J\cti vit.Y/Mil estom~/Da ta Mand~Jemcnt Chr1rt wi 11 be submitted 

quarterly. 

2. Quarterly reports will be submitted in sufficient time during the 

contract year to be in OCSEAP ha.nds by the first day of January, 
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July, and October, annual reports by April 1. The Final Report 

will be submitted within 90 days of the termination of the contract. 

3. At the option of the Project Office, the P.I. 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. 

4. Data wi 11 be provided in the form and format specified by OCSEAP, 

accompanied by a data documentation form (NOAA 24-13). 

5. Data will be submitted within 120 days of the completion of a . 

3-month data collection period, unless a written waiver has been 

received from the Project Office. This does not apply to report 

requirements (see paragraph 2). 

6. Within 10 days of the completioo of a data gathering effort, a 

ROSCOP data collection inventory form (NOAA 24-23) will be submitted 

to the Project Data Manager. 

7. Title for all property purchased with OCSEAP funds remains with the 

U.S. Government pending disposition at contract termination. 

8. Three (3) copies of all publication or presentation manuscripts 

pertaining to technical or scientific material developed under OCSEAP 

funds wi11 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 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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B. 
l. 

9. All publications and presentations of material develo~ed under 

OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The follow

ing standard acknowledgement is acceptable . 

.,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 Alaska Continental Shelf is managed by the Outer 

Continental Shelf Environmental Assessment Program (OCSEAP) 

Office ... 

Delineate proposed flight lin@s 
altitude on each line. (Note: 
submission is not n~cessary but 

on a chart of the area. Indicate desired flight 
If flights are for transportation only, chart 
origin and destination points should be listed) 

From Barrow to about 200 km offshore. Details of pattern unknown. 

2. Describe types of observations to.be cade. 

Buoy deployment 

~at is the opt mum 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 l when necessary for clarification) 

' Deployment in February, 1978, as early as light _is adequate 

4. How many days of flight operations are- required and hotl many flight hours per day? 
1-2 days 

Total fli ht hours~ 8 hours 
5. · Do yGu consider your investigation ~o the principal one for the flight thus 

precluding other activities or requiring oth~r activities to piggyback or could 
you piggyback? Principal 

6. What typ~s of special equipment.are required-for the aircraft (non carry-on)? 

Wh~ are the weights, dimensions, power requirements. and installation problems 
uniq•.te to the specific equipment. 

7 • ~1l..lC ere the weights. dimensions and power requirements of carry-on equipment? 

4 buoys. 2' diameter, ~pproximately 70 lb. each 
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8. What type of aircraft is best suited for the purpose? 

C-117 

9. Do you recom:nend a source for the aircraft? 
If "yes" please name the source and the reason for your recommendation. 
NARL- convenience of lab to flight support and experience of crew 

10. What is the per hour charter cost of the aircraft? 
$400.00 

11. How n::.ny people are required on board for eech flight (exclusive of flight crew)? 
2 

12. Where do you ·reco~end that flights be staged from? 
Pt. Barrow 

5/20/77 

l~_o_._ Q!.'A:."\i:'Z~<.~ ;;.;~a ;)l.iiS;iJ:sr~i'it,;~ .5li:t'toctt' 
=·' G"nat: are your" rraquiremo!!nts for quarters and subsist~ce in th.e field area? 

(These requirements should be broken down by (a) location. (b) calendar period~ 
{c) number of personnel pe~ day and total man days per period) 

a) NARL 
b) February 1978 when adequate light is available 
c) 1 man, 2 weeks 

I I 
l l 
l ! 
I 

'II 

1! ________ , ________________ ~----------------------------------------
·JI 2. Do you recommend a particular source for this suppoJ::t? If nyes" please name 
.;J the source and the reason for your recommendation .. 
!,I; 

I 

II·· 

NARL - convenience of lab to flight support 

3~ l-Jhat is your ~aatim.ated. p~:~: man day cost for this support at each location? 

$76.00, established rate 

H~ did you derive this figure, i.e~, what portion represents quarters and what 
· portion represents subsistence and is the figure baaed on established commercial 
rates at the location or on estimated costa to establish and maintain a field 
camp? 

496 

l 
I 

I 
~ 

il 

l 
I 

1: 
I 

'I I 

·,\ 



Data Type 
{ ie. Intertida 1, 
Benthic Organisms, 
etc.) 

Buoy Positions 

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

tapes 

Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

1 tape 

OCSEAP 
Format 
{If known) 

Processing and 
Formating done 
by PI . 
(Yes or No) 

yes 

Collection 
Period Submission 

(Month/Year to Month/Year) (Month/Year) 

2/78 - 9/78 10/78 



RU II: 98 

MILESTONE CHART 

PI: Robert S. ·pritchard 

6 Planned Cotnplction bate 

,A Actual Comple~1on Date 

:~ajor Milestones: . Repo-rting, data management and· other significant 
contractual requirements;·periods 'of field work; workshops; etc. 
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Robert S. Pritchard - Publications 
Arctic Ice Dynamics Joint Experiment 

1962 

"57 Case structural test," (with J. V. Timmons). Report No. 144, ACF 
Industries, Albuquerque, New Mexico, December. 

1964 

"Temperature and thermal stress distributions in circular cylinders," 
(with W. E. Putman and M. W. Wildin). Technical Report ME-11, the 
University of New Mexico, Engineering Experiment Station, Albuquerque, 
New Mexico, August. 

1965 

"Temperature and stress distributions produced in long circular cylinders 
cooled by emission of thermal radiation," (with M. W. Wildin). Report 
No. ME-19, Bureau of Engineering Research, the. University of New Mexico, 
Albuquerque, New Mexico (Master•s Thesis, Mechanical Engineering 
Department, UNM, October 1965). 

1967 

"On a numerical technique for elastic wave propagation." Report No. ME-32~ 
Bureau of Engineering Research, the University of New Mexico, Albuquerque, 
New Mexico, December. 

1968 

"Transient strain and temperature di stri but ions in 1 ong circular cylinders 
cooled by emission of thermal radiation," (with M. W. Wildin). 
f:xperim~ntal Mechanics, Vol. 8, No. 6, June. 

1970 

11 Three dimensional elastic wave propagation in bodies of revolution, 11 

(with F. D. Ju). Report No. ME-45(69), Bureau of Engineering Research 
the University of New Mexico, Albuquerque, New Mexico (Ph.D. Dissertation, 
Mechanical Engineering Department, UNM, August 1970; also published.as 
Air Force Office of Scientific Research Scientific Report, AFOSR-70-
.?_4_9~1.8.) , August. ----

"Numerical approximations to the deformat-ion ol a continuum." Et·ic H. W.wq 
Civil Engineering Research Facility technical r·eport to 1\ir Force Weapons 
Laboratory, Albuquerque, New Mexico, November. 
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Robert S. Pritchard - Publications 
Page 2 

1971 

"Theoretical calculations for DIHEST Improvement Program -- Event 1-A," 
{with R. 0. Davis, W. H. Chown, P. N. Sonnenburg). Air Force 
Weapons Laboratory AFWL-TR~71-123, Kirtland Air Force Base, New 
Mexico, August. 

11 Ti me his tory p 1 ot package for AFTON 2A Code." Eric H. Wang Civil 
Engineering Research Facility technical note to Air Force Weapons 
Laboratory, Albuquerque, New Mexico, November. 

1972 

11 Motion-picture plot package for AFTON 2A Code," {with J. J. Blake). 
Eric H. Wang Civil Engineering Research Facility technical 
repQrt to Air Force Weapons laboratory, Albuquerque, New Mexico, 
February. 

11 Generato'r for AFTON 2A Code ... Eric H. Wang Civil Engineering Research 
Facility technical report to Air Force Weapons Laboratory, Albuquerque, 
New Mexico, March. 

"Stability analysis of AFTON Codes. 11 Eric H. Wang Civil Engineering 
Research Facility technical report to Air Force Weapons Laboratory, 
October. 

1973 

"Dispersion curves for a two-layer elastic half-space," {with H. A. B. 
Rao). Eric H. ~lang Civil Engineering Research Facility techn.ical 
report to Air Force Weapons Laboratory, Kirtland Air Force Base, 
New Mexico. 

"Computer code for complex chemical equilibrium studies at elevated 
temperatures and pressures," (with W. T. Ristau). Eric H. Wang Civil 
Engineering Research Facility technical report to Air Force Weapons 
Laboratory, Kirtland Air Force Base, New Mexico. 

1974 

"Modeling the pack ice as an elastic-plastic material," (with M. D. Coon, 
G. A. Maykut, 0. A. Rothrock, A. S. Thorndike). AIDJEX Bulletin No. 24, 
University of Washington, Seattle, Washington, pp. 1-106. 

"Application of an elast'ic-plastic model of arctic pack ice," {with M. D. 
· Coon). The Coast and Shelf of the Beaufort Sea, eds. J.C. Reed and 

J.E. sater~--fhe Arctic InsfltuteoTNor-th.-Amerfca, Arlington, VA, 
pp. 173-193. 
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Robert S. Pritchard 
Page 3 - Publications 

1974 

11 What? Strain? What Strain? 11 AIDJEX Bulletin No. 26, University of l~ash1ngton, 
Seattle, Wash., pp 59-74. 

"One-dimensional difference shceme for an elastic-plastic sea ice model, 11 

{with R. Colony). Computational Methods in Nonlinear Mechanics, the 
Texas lnst. for Computational ~1echanics, Austin, Texas, pp. 735-744. 
Also in AIDJEX Bulletin No. 26, University of Washington, Seattle, Wa. 
pp. 48-58. 

11 Elastic strain in the AIDJEX sea ice model , 11 AIDJEX Bulletin No. 27, Univer
sity of Washington, Seattle, HA, pp.45-62. 

1975 

11 An elastic-plastic constitutive law for sea ice," Transactions of the ASME, 
Vol. 97, Journal of Applied Mechanics, Vol. 42, Series E. No. 2, 
June, pp. 379-384. 

11 Integration of elastic-plastic constitutive laws, 11 {with R. Colony) AIDJEX 
Bullet-in No. 30, University of Washington, Seattle, WA, pp 55-80. 

11 A difference approximation to the l'lomentum equation, 11 AIDJEX Bulletin ~o.30, 
University of Washington, Seattle, WA, pp.Sl-93 -----

"Integration scheme for an elastic-plastic sea ice model~ {with R.Colony) 
Proceedings of the 12th Annual Meeting of the Society of Engineerinq 
Science, The University of Texas at Austin, Texas 

1976 

11 A~plications of the AIDJEX ice model , 11 (with R. T.Schwaegler), in Proceedings 
of the Third International Conference on Port and Ocean Engineerina under 
Arctic Conditions, Vol.l, Institute of Marine Science, University of Alaska, 
Fairbanks, Alaska, pp. 513-526; reprinted in AIDJEX Bulletin No. 31, 
University of Washington, Seattle, WA, pp.l37-150. 

"A difference scheme for the AID.JEX sea ice model , 11 (with R. Colony), in 
Numerical Methods in Geomechanics~Vol.II, ed. C.S. Desai, American 
Society of Civil Engineers, New York, 1976, pp. ll94-l209;reprinted 
in the AIDJEX Bulletin, No. 31, University of t~ashington, Seattle, Ha 
September 1975, pp. 188-203. 

11 Calculations to test a pack ice model," (with M.D. Coon, R. Colony, D.A. 
Rothrock}, in Numerical Methods in Geomechanics, Vol.II, ed. C.S. Desai, 
American Society of Civil Enqineers, Ne\'1 York:·-1976, pp.l210-1227; 
reprinted in AIDJEX Bulletin No. 31, University of Hashinqton, Seattle, 
~·l a, Sep tembe r··T976-:p-p~T7a-:·'irf?'.-·-··---·· · 
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Robert s; Pritchard 
Page 4 Publications 

1976 

"Simulation of sea ice during AIDJEX," (with M.D. Coon and M.G. McPhee). 
to appear in Transactions of the ASME:~ournal of Pressure Vessel Technology; 
preprinted in AIDJEX Bulletin No. 34, University of l~ashinqton, Seattle, 
Wa., pp. 73-93. 

"An estimate of the strength of Arctic pack ice·," AIDJEX Bulletin No. 34, 
University of Washington, Seattle, Wa, pp.94-ll3. 

1977 

"l~inter ice dynamics in the nearshore Beaufort Sea,·" (with M.D. Coon, M.G. r~cPhee 
and E. Leavitt), appendix 3 in Annual Report on contract 03-50-022-67, 
No. 5 to Outer Continental Shelf Environmental Assessment Programs, 
April 1, University of Alaska, Fairbanks, Alaska 

11 Prediction of Arctic ice conditions for operations," (with D.C. Coon and R.T. 
Hall) .in 1977 Offshore Technology Conference Proceedings, Vol.IV, Houston, 
Texas, pp.307-314. 
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A. Continuation Proposal 
Delineation and Engineering Characteristics of 
Permafrost Beneath the Beaufort Sea, Alaska 

(RU-105) 

Principal Investigators: 
Paul V. Sellmann 
Edwin J. Chamberlain 

' 

Total Science Cost: $102,000 

Period of Work: 
1 October 1977 to 30 September,l978 

Required Signatures 

Paul V. Sellmann 

Institution: 
U.S. Army Cold Regions Research 

and Engineering Laboratory 
Hanover, New Hampshire· 0375? 

30 June 1977 

U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 
Telephone: (603) 643-3200 Ext. 318 

~-~- 30 June 1977 
E~hamberlain 
U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire .03755 
Telephone: (603) 643-3200 Ext. 236 

~~ tPfJ-hcfl?p( V' 30 June 1977 
Fiilk J. Ferraro 
U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 
Telephone: (603) 643-3200 Ext. 315 

30 June 1977 
L Robert L. Crosby, Comm der 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 and Task Statement: 
Delineation and Engineering Characteristics of Permafrost Beneath the 
Beaufort Sea, Alaska (RU-105, continuation) 

Proposed Dates of Contract: 1 October 1977 - 30 September 1978 for FY 78 
funding. It may be logical to extend the project for two additional fiscal 
years if results of the (FY-78) evaluation of the industry seismic data 
appear as useful as anticipated. 

II. Co-Principal Investigators: 

Paul V. Sellmann 
Edwin J. Chamberlain 

III. Cost of Proposal: $120,000 

All work in Beaufort Sea area. 

IV. Background: 

Past subsea permafrost field programs supported by OCSEAP hage been 
restricted to a few locations along the Beaufort Sea coastline, with the 
most detailed information coming from the Prudhoe Bay area (RU 253, 105 
and 271). The =esulting drilling and core analysis, probing, and seismic 
studies have provided much needed information on the distribution and 
properties of subsea permafrost. ·These more localized investigations were 
carried out by RU 105, 204, 253, 271, and 473. Even though the sites 
studied were selected because of their similarity to large sections of the 
coastline, they still provide only limited direct subsurface data, consid
ering the extent of the potential Beaufort Sea lease area. Some regional 
extrapolation of the information has been carried out by RU 253, 473 and 
516 as part of the overall program, based on consideration of the thermal 
regime, shoreline and sea level history. 

Our project will attempt to provide more regional data. The regional 
distribution of permafrost and more specifically the top of bonded perma
frost will be examined using available seismic refraction records. The 
approach used will be much the same as the examination of this type of 
data made by the Geological Survey of Canada. Commitments have been made 
by members of the petroleum industry to make available to CRREL the non
proprietary upper part of some of their seismic records. The interpretation 
of these data will be aided by the studies of RU 271. Analysis of drill 
cores and other supplementary data will also be carried out but no drilling 
will take place as part of this program. 
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I V. Objectives: 

Provide additional required information on the occurrence and depth to the 
top of bonded subsea permafrost in the Beaufort Sea continental shelf in 
order to better assess the hazards that permafrost presents to offshore 
development. 

VI. General Strategy and Approach: 

Various members of the petroleum industry have already been approached 
in writing by CRREL concerning the availability of seismic first return 
data from the Beaufort Sea. Information from the upper part of industry 
data, which in some cases will includ~ the first 0.5 second of the seismic 
records, will be processed and interpreted. This year's analyses (FY78) 
will be aimed at (1) establishing how much industry data are .available, 
(2) locating the lines surveyed, and (3) processing several sets of data. 
The locations studied will be selected based on the range of geological 
settings found along the Beaufort coast. The results of these investigations 
should indicate in which of, these settings high velocity first returns are 
fOund, and as a result which settings can be expected to yield the most 
data. Based on this preliminary interpretation, additional data will be 
selected for processing and analysis. Concurrently, engineering and 
chemical property analysis will be continued on samples remaining from the 
1977 drilling program as well as on any additional material that is 
acquired from the ONR drilling program proposed, to be conduc~ed along the 
Beaufort coast in the Oliktok area during the spring of 1978. 
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VII. Sampling Methods: 

Selection of seismic data will be based on geological settings and 
availability from industry. 

VIII. Analytical Methods: 

Analytical methods were covered in previous documents for engineering 
property studies, and methods for seismic s~udies for the most part will 
be those used by Hunter, J.A. et al., 1976. 

IX. Anticipated Problems: 

No problems are anticipated. The only significant unknown will be the 
time required for processing of raw field data by geophysical companies. 

X~ Deliverable products: 

A. Digital Data: 

Not applicable. 

B. Narrative Reports: 

Reporting will take place before the end of fiscal year 1978. One 
report is envisioned, covering methods and results of industry seismic 
data study. Tabulated engineering and chemical property data from 
core study will also be provided. Engineering data will include both 
index and strength properties. Maps included with the report will 
provisionally locate depth to top of bonded permafrost and general 
permafrost distribution based on the position and occurrence of high 
velocity zones in the study areas. 

C. D. and E.: 

Not applicable, or covered in B or in XV. 

XI. Information Required from Other Investig~tors: 

Results of activities in other Geology work units will be closely followed 
as in the past (see last annual and quarterly report). Arrangemepts and 
coordination have already taken place with PI'~ working on Univer.sity of 
Ala:;ka resear,dJ, .uni:ts. 

XII. Quality Assurance Plans: 

Covered in original proposal. 

* Pe~afrost and frozen sub-seabottom materials in the southern Beaufort Sea. 
Beaufort Se~ Technical Report #22, Beaufort Sea Project, Dept. of the Environment. 
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XIII. Special Sample and Voucher ·Specimen: 

Archival Plans: 

Not Applicable. 

XIV. Logistics Requirements: 

None. 

XV. Management Pl?n: 

Coordination 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 fu~ure thrust of our activities. 

MILESTONE CHART 

Major Milestones: Reporting, data management and other significant 
contractual requirements; perio4s of field work; 
workshops, etc. 

1977 1978 
MAJOR MILESTONES 'j 

Ml A Jl 0 N D 'J F M J A 

Acquire unprocessed industry data 

Have data adjusted and processed 

Analyze seismic data I 
Analyze core proper~ies I 

I - ~ 

Prepare report summarizing results 

XVI. Outlook: .. · 

s 0 

It is ~ndersto()d that this section is for J,.ong-range planning only, and no 
obligation is implied on the part of either party. 

1,2. The nature of the final results and data products of an extended 
program (beyo~d FY78) and milestones. 
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The final end product of a successful program would be a provisional map 
indicating depth to the first high velocity zone, which we assume in most 
cases will correspond with the top of bonded permafrost. The map would 
cover parts of the Beaufort Shelf area for which data are available from 
industry, which appears to be a significant part of the coastline. A 
narrative report would cover final results of sample analysis from the RU 105 
work as well as from any cores or samples processed as a result of ONR 
drilling activities. It may prove desirable to selectively field check 
specific locations, in which case recommendations to NOAA for such direct 
drilling or probing will be made and the work possibly undertaken in 
cooperation with ONR- and/or NSF-supported s~bsea permaf;rost projects. 

3. The cost of a longer-term program can best be determined following this 
year's program. ·Based on experience with similar programs in Canada, 
approximately $125,000/year for an additional two years should cover an 
evaluation of the Beaufort Sea industry data along the Alaskan coast. 

4,5,6. Not applicable. 

XVII. 1. Updated Activity/Milesto.ne/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 sub
mitted 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. Vouchering will include life history 
stages (E.G., larvae, juveniles, adults) when thes·e are used, and sexes 
where these are morphologically distinguishable. 

4. At the option of the Project Office the P.I. 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 (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 require
ments (see par. 2)-. 
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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. 

9. Three (3) copies of all publication or presentation manuscripts per
taining 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 or 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 
standard acknowledgement is acceptable. 

"This study was supported by the Bureau of Land Management 
through interagency aggreement 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 Conti
nental Shelf Environmental Assessment Program (OCSEAP) 
Of:fice." 
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Title: SUIDLATION !-lODELING OF MARINE BIRD POPULATION ENERGETICS, 
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Research Unit Number: 108 

Principal Investigator: John A. Wiens 

Total Cost: $75,000 
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TECHNICAL PROPOSAL 

I. Title: Simulation Modeling of Harine Bird Populaticm Energetics, 
Food Consumption, and Sensitivity to Perturbation 

Researeh Unit Number: 108 

Contract Number: 03-5-022-68T2 

Proposed Dates of Contract: 1 October 1977-30 September 1978 

II. rnneipal Investigator: John A. l.J'iens 

III. Cost of Proposal 

Total: $75,000 

Distribution of Effort by Lease Area: All studies will be conducted 
on data related to the St. George Basin lease area. 

IV. Baekg:r>ound: 

There are several compelling reasons to believe that consideration of ~he 

population energetics of marine birds may be an important avenue of research in 

OCS programs. 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, ~portance, or poten-

tial sensitivity to disruption of a component such as marine bird populations 

in the system is to measure the energy flow through these populations (e.g., 

Wiens and Dyer 1977). In addition, energetics directly link marine bird popula-

tions to the oceanic areas they use for feeding, and consideration of energy 

demands may thus provide a means of assessing the importance of feeding areas. 

Further, several research efforts in the Alaskan OCSEAP program have generated 

data on diverse aspects of marine bird biology (e.g., breeding colony struc-

ture, food habits, pelagic distribution and abundance, flock dynamics), and 
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energetic measures may provide a common organizing. framework within which 

these different data sets may be combined. Finally, since the energy demands 

of individual organisms directly reflect metabolic processes, they may be among 

the ~ore sensitive aspects of marine bird biology in responding to local envi-

ronmental 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 than at present. 

Obtaining information on the energy demands of natural populations of free~ 

ranging birds at sea~ however, is virtually impossible. Faced with this barrier, 

we may resort to use of simulation models that incorporate data on basic life 

history attributes to derive estimates of population dynamics and energy demands. 

A model (BIRD) developed by Wiens and Innis (1973, 1974) and now operative at 

Oregon State University was expressly designed with such objectives in ~ud. 

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. Briefly, the 

simulation model contains three submodels. In the population submodel, infor

mation on population sizes at selected points in time (as obtained, for example, 

from occasional censuses), reproductive biology and timing, and mortality is 

used to project da:i.ly estimates of the population size of each -age class of each 

of up to 20 species. The second submodel generates estimates of individual, age 

class, population, and "community" energy demands using data on ambient tempera

tures, 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 

512 



-3-

consumption rates for various prey categories. 

This modeling approach has now been successfully 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 Nussbaum 1975, Wiens in prep.) to variation in popula

tion. energetics and food consumption over entire continents (Wiens and Dyer 

1977). Two applications are particularly relevant to the research proposed here. 

1) 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 Common Murres on a state-wide basis. Using information 

no more detailed (and in some cases less detailed) than that obtained in several 

of the OCSEAP studies, they determined that murres required 3.5 kcal/m
2
/year, 

cormorants 2.3, shearwaters 1.7, and storm-petrels 0.1. The species occupied 

different-sized ocean areas, however, and when these per m2 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 coa~, but during their 

fall passage they consumed nearly seven times 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 esti

mated by the model. Hurres annually consumed nearly twice as many herring as 

any other prey, and consumed roughly equal quantities of anchovey, smelt, cod, 

and rockfish. Cormorants consumed a relatively small quantity of bottom-dwelling 

fish, while storm-petrels took roughly equal quantities of euphasids and 

hydrozoans. Anchovies accounted for 43% of the 62,500 metric tons of prey the 
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four species were estimated to consume annually (Figure 1), and 86% of this 

anchovey consumption was by Shearwaters. Wiens and Scott calculated that the 

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. 

2) In a different vein, Wiens and Dyer (1977) conducted an analysis of 

the energy dynamics and food consumption patterns in granivorous bird popula-

tiona in various parts of the World, especially in Europe. Here the emphasis 

was upon House and Tree Sparrows (Passer domesticus and P. montanus), and the 

results are not so relevant to the research proposed here as are the methods of 

gathering data. The analysis invo.lved assembling data sets on Passer popula-

tions from separate investigators who had conducted .field studies over a lvide 

area in both Western and Eastern..._Europe. lVe collected the data by devising a 
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Figure 1. Estimated annual consumption of various prey by the four-species 
seabird community on the Oregon coast, derived from model estimates of 
energy demands and information on dietary composition. From Wiens and 
Scott (1975). 
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standardized data submission form that requested dat~ from investigators in 

a form that was easily converted into input for model simulations. In all, 

158 data sets from 13 countries were obtained and analyzed to determine local, 

regional~ and continental patterns·of energetics and food consumption in Passer 

populations. 

These two applications of the BIRD model demonstrate the ways in which it 

may be used in the proposed research. First, the model has been tested on 

marine bird systems, and has provided information that has revealed the signifi-

cant magnitude of energy flow through coastal marine bird populations, and the 

consequent food consumption rates. Without such an analysis it is doubtful, 

for example, that we would have fully realized the importance of the transient 

shearwater populations in the dynamics of the ecosystem. Second, the Passer 

applications demonstrates that the model may be turned to the analysis of large 

data sets gathered by different investigators, using different methods in dif-

ferent areas, and produce a common framework for integrating these separate 

studies. This is parallel to the challenge of integrating the many separate 

marine bird studies conducted within OCSEAP. 

References: 

Wiens, J.A., and M~I. Dyer. 1975. Simulation modelling of Red-wiriged Blackbird 

·impact on grain crops. J. Appl. Ecol. 12:63-82. 

Wiens, J .A., and !-1. I. Dyer. 1977. Assessing the potential impact of granivo

rous birds in ecosystems. In Kendeigh, S.C., and J. Pinowski {eds.) 

Granivorous Birds in Ecosystems. Cambridge Univ. Press. 

Wiens, J.A., and G.S. Innis. 1973. Estimation of energy flow in bird commu

nities. II. A simulation model of activity budgets and populations bio-

. c f Montreal. PP• 739-752. energetics. Proc. 1973 Summer Computer S1mulation on • 
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Wiens,. J .A., and G.S.· ·Inni-s. 1974. Estimation of energy flow in bird commu-

nities: A population bioenergetics model. Ecology 55: 730-746. 

Wiens, J .A., and R •. A. Nussbaum. 1975. Model estimation of· energy flow in north-

western coniferous forest bird communities. Ecology 56:547-561.· 

Wiens, J.A., and J.M. Scott. 1975. MOdel estimation of energy flow in Oregon 

coastal seabird populations. Condor 77:439-452. 

v. Objectives: 

The objectives of this research project are to use simulation mridel analyses 

to estimate the energy demands and food consumption patterns of marine bird 

populations in the Bering Sea, emphasizing the dynamics of the Pribilof Island 

colonies. These analyses will use and synthesize existing data derived from 

field investigations of these populations to project the daily and seasonal 

patterns of energy demand and food consumption for major life stages of the 

dominant and/or most important bird species. In addition, new model structures 

will be developed to permit evaluation of spatial variations in these measures. 

These modeling efforts may then be applied, using the techniques of sensitivity 

analysis, to project the effects of varying baseline conditions of the environ-

ment and/or the populations on the patterns of energy demand and food consump-

tion. These exercises will focus on alterations that might accompany environ-

mental 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 to specify species, time periods, or areas tdthin the lease 

area that may be especially sensitive to oil development, or that may serve 

as indicators of environmental quality. 

VI. General Strategy and Approach: 

I 
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Ther.e are basically three phases of tpe proposed research, which are 

described here in decreasing order of time priority. 

1) A general analysis of data gathered in studies on and about the 

Pribilof Islands will be conducted using the BIRD model in its present version. 

We will deal first with data collected at breeding colonies, -because (a) the 

quality of these data is among the best of that available from OCSEAP studies, 

and thus we may have the greatest degree of confidence in results obtained from 

model simulations using these data; and (b) the dynamics of colonies are so· 

important in considerations of continental shelf development, since it is the 

breeding colonies and attendant concentrations of seabirds that are more likely 

to be affected by oil development than the broadly-ranging pelagic populations. 

We will deal primarily with data gathered by Dr. George Hunt, of the University 

of California at Irving. Hunt's data sets are unusual in their completeness 

and thoroughness of detail, and a preliminary discussion has indicated that 

these studies can provide most of the critical input variables needed for model 

simulations (Table 1). More importantly, Dr. Hunt has expressed a keen desire 

to work closely with us on both initial model analyses of these data and on 

further development of modeling capabilities·. Modeling using data gathered by 

other investigators is a sensitive business, and Hunt's willingness to cooperate 

fully is absolutely critical to this first phase of the research. I plan 

frequent direct consultations with Dr. Hunt during this initial phase of model

ing to insure that the data are being properly interpreted and treated, and to 

develop ideas for subsequent extensions of the model. 

While these colony studies will have the greates priority in the initial 

analyses of the Pribilof data sets, the studies will also be extended to include 

an initial analysis of representative pelagic transect census data taken in the 
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Table 1. Input variables for the BIRD model and a preliminary assessment 
of the availability and quality of data fro~ Pribilof Islands 
seabird colony studies (Hunt, personal communication). 

Input Variable 

Population at start of run 

Population breeding density 

Population at end of run 

Immigration onset 

I~igration completed 

Adult emigration begins 

Adult emigration ends 

Juv~nile emigration begins 

Juvenile emigration ends 

Onset of incubation 

Incubation of last clutch 
started 

Incubation period 

Nestling period 

Fledgling period 

Proportion of females 
breeding 

Clutch Size 

Hatching success 

Fledging success 

Post~fledging survival 

Adult body weight 

\{eight at hatching 

Fledging weight 

Growth rate of young 

lvintering mortality 

Units 

. d. /Km.2 ~n ~v. 

2 
indiv./Km. 

indiv ./Km2 
· 

Date 

Date 

Date· 

Date 

Date 

Date 

Date 

Date 

Date 

Days 

Days 

Percent 

Number 

Percent eggs laid 

Percent nestling hatched 

Percent indiv. fledged 

Grams 

Grams 

Grams 

Percent 
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Data Availability and Quality 

Arbitrary 

Values within ± 10% 

Arbitrary 

Good 

Good 

Good for some species, 
less so for others 

Good 

No data 

Good 

Good 

Hoderate 

Good 

No data 
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Bering Sea. If enough data sets of sufficient quality are available, we may 

be able to construct "isoclines" of total marine bird energy demands over 

various sections of the Bering Sea, as they vary seasonally. Such initial 

analyses should be important in determining areas in which the birds appear to 

. be energet-ically most closely linked to the marine system, or times at which 

the energy demands of seabirds may be especially critical. Both the analyses 

of the pelagic census data and the Pribilof colony data wiil produce estimates 

of energy demands. and food consumption rates, as they varY through time. 

2) A second phase of the research will involve the development of "second 

generation" versions of the BIRD model that will add spatial resolution to 

energy demands and food gathering, especially in ·relation to breeding colonies .• 

As birds disperse from a colony location to obtain food, they fan out to dif

fering distan~es from the colony, so that the dispersion of individuals with 
. > 

increasing distance from the colony is not a strictly decreasing· linear func-

t·ion. Foraging birds tend to concentrate in areas of food availability that 

may be located at 'differing distances from the colony and that shift in abundance 

a~d location through time. It is important to consider such detail in modeling 

efforts, both because this allows greater precision in detecting areas or 

aspects of colony dynamics that are especially sensitive to perturbation, and 

because changes.in the distances birds must fly to obtain food or in food avail-

ability to the colony directly influence individual energy demands, and thus 

the energy flow and .food consumption of the population as a whole. Wiens and 

Dyer (1975) explored the spatial,distribution of energy demand and food con

sumption from a population focal point (in thf~ case, a roost) using the BIRD 

model, ·and that approach defines one d~velopment in the BIRD model that will 

be undertaken. This involves partitioning the area about a colony in concentric 
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radii of increasing distance (Figure 2A)~ and then evaluating energy and food 

demands for each zone separately, given a certain distribution of the birds 

over the zones (e.g., a Poisson). Preliminary extensiops of the BIRD model in 

this fashion have also incorporated the capacities to effect changes in the 

distributions of the birds among the zones (or daily flight distances) as food 

availability in the zones changes due to consumption by the birds or other 

factors, and to consider the effects of different prey renewal rates for various 

prey types in each zone. Such efforts will form.the foundation for our initial 

development of a "second generation" BIRD version specifically designed to 

simulate the spatial patterns of marine bird distribution about breeding colonies. 

A second direction of development of the model also will consider spatial 

patterns, but by using a series of grid locations coded in the model storage 

rather than a set of concentric zones about the colony (Figure 2B). Prey avail-

ability in grids may be varied to influence the distribution of birds from the 

colony, and thus their energetics, or to portray the effects .of consumption of 

localized food concentrations by the birds. This and the concentric zone version 

of the BIRD model will permit greater precision in model functions, and will 

introduce additional dynamics into the simulation model structure, as now we can 

consider complex interactions between food availability in space o·:r other envi-

ronmental conditions at sea and the energy and food demands of colonial breeders. 

3) The real power of simulation models perhaps resides more in their 

potential as gaming tools than in their ability to generate estimates from data 

inputs. By manipulating the nature of data inputs, or of model functions, we 

may explore the consequences of a variety of "what if'' questions. Essentially 

we will conduct "experiments" using the simulation powers of the models rather 

than undertaking cumbersome, costly, or perhaps impossible field manipulations 
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F:i.gure 2. Two ways of modeling the spatial aistribution of energy flow and food consumption about a seabird 
breeding colony. In A, birds disperse over concentric zones of increasing,distance from the colony. 
In B, birds move to· specific areas of food concentration to feed. !latched areas represent feeding 
areas. 
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of the system. For example, what might be the effects on the energetics or 

food consumption rates of marine bird populations of changing the abundance. 

or spatial distribution of food sources, .or of increasing or decreasing the 

sizes of the bird populations, or of unusually good or poor reproductive 

.seasons? We currently have no data and little in the way of-intuition·to 

guide us in predicting such effects, but by judiciously manupulating model 

input values or functions, the model can provide some initial approximations~ 

There is some obvious potential in this approach.· What if, say, there is a 

localized oil spill in a specified area about a breeding colony, which effec

tively removes an area of ocean from access for foraging? By setting food 

availability in such zones or grid blocks to zero in the second generation 

versions of the BIRD model, we can explore the influences of a wide array of 

potential combinations of oil spill events, oceanic conditio~s, food avail

abilities, and breeding colony sizes and compositions. Consultations with 

marine bird investigators and other scientists involved in the OCSEAP studies 

will guide us in undertaking the most appropriate simulation exercises of this 

sort, rather than pursuing absurdities. 

This research also has a spin-off benefit, one that is often a feature of 

modeling efforts that are conducted in conjunction with ongoing field studies. 

The model analyses and simulations may indicate that certain measures, say at 

breeding colonies, are critical, while others are of lesser importance. Or 

the model results may suggest that certain areas.or times are quite critical 

for marine bird energetics, while others are less so. Such information, com

bined with other objectives of the field studies, may be quite useful in point

ing possible directions for these .studies as they develop. It is therefore 

imperative that the results of model analyses be communicated quickly to field 
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·investigators, and that this communication is in fact a two-way process. 

Our initial contacts "tvith .George Hunt and other investigators in the Pribilof 

area will point the direction and reveal the most efficient mechanisms for 

such two-way communication. 

References: 

Wiens, J.A., and M.I. Dyer. 1975. Simulation modelling of Red-winged Blackbird 

impact on grain crops. J. Appl. Ecol. 12:63-82. 

VII. Sampting MethodS: This section is not applicable, since no new data will 

be generated by the project, other than computer simulation output. 

VIII. AnaZytiaaZ Methods: The analyses of data sets are built into the model 

structure, and have been outlined above. 

IX. Anticipated P:robZems: With any computer simulat.ion study there are inevi

tably delays associated with computer program malfunctions. The first-generation 

version of the BIRD model is now operational on the system at Oregon State 

University, but the second-generation versions are not. Development of these 

versions is outlined in section XV. We will attempt to _minimize programming 

delays by hiring a trained computer scientist as a Research Associate with the 

project. 

X. DeZiverabZe Products: 

A. Digital Data: No Ii.ew digital data will be gathered in this project. 

Instead, use will be made of existing data gathered by several OCSEAP investi

gations (see section XI) to run computer simulations. Implementation of these 

simulations will involve coding these data iri a format appr~priate for input to 

t~e BIP~ model. This will be done by the staff of the project at Oregon State 
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University. 

B. Narative Reports: Reports will provide detailed descriptions of the 

model, documen,tation of nevT computer programs developed, and analysis and 

interpretation of results based on various inputs to the model. Major infor-. 

mation gaps and sensitivity of populations to environmental changes or-oil 

spills wil.l be discussed. 

C. Visual Data: Visual displays or computer graphics will be submitted 

showing (a) areal. and temporal changes in population densities and energy de-

mands for major life stages of selected species or species groups; (b) daily 

energy demand for major life stages of selected species; and (c) 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, see section XV. 

XI. Information Required from Other Investigators: 

A project such as ours places great reliance on data gathered·by other 

OCSEAP investigators. In particular, our efforts must be coordinated with the 

field studies of Dr. Hunt (R.U. 83), as described above~ and with studies of a 

more general n·ature conducted by Dr. Lensink (R.U .s 337 and 341) and Dr. Divoky 

(R.U. 196). Information gathered during our own studies in the Gulf of Alaska 

(R.U. 108) tvill also contribute to model analyses. Efforts are already well 

undenvay to coordinate these. activities with Dr. Hunt, and will be solidified 

with Drs. Lensink and Divoky prior to initiation of the project or shortly 

thereafter. The primary data required from these investigators will relate to 

the input variables listed in Table 1, but theircommentary on model structure 

and development will also be solicited. 
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XII. Quality Assuranae Plans: 

Not applicable to this project. 

XIII. Speaial Sample and Vouaher Speaimen Arahival PZ:ans: 

Not applicable to this project. 

XIV. Logistias Requirements: 

The project -:..rill require no special logistic arrangements. One field trip 

will be made by t~e Principal Investigator to the Pribilof Island colonies in 

spring 1978. Arrangements for air transportation to the area and support while 
-

in the area will be made from Oregon State, through consultation with Dr. Hunt. 

The necessary funds are included in the budget (section D). 

X:V. Ma:nagement Plan: 

All modeling activities will be coordinated at Oregon State University. 

It is difficult iri any modeling effort to construct a precise schedule (computers 

have a funny way of misbehaving), but the project should approximate the follow-

ing schedule: 

October 1977 - February 1978: Gather data for Pribilof analyses; confer 

\..rith Hunt; conduct general model analyses; initiate construction 

of second generation models 

February 1978 - June 1978: Complete and test second generation models; 

confer with Hunt; visit Pribilof colonies; prepare interim report, 

emphasizing possible data needs and directions for ongoing field 

studies; analyze pelagic census data 

June 1978 - September 1978: Conduct gaming exercises with models and additional 
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analyses using recently-gathered data; establish priorities and 

plans fo'r extension of application to other OCS areas; prepare 

final report and publications. 

The approximate scheduling of these activities is summarized in the following 

.}(ilestone Chart. 

XVI. Outlook: 

Emphasis during FY 78 ~vill be placed on the three phases of simulation 

modeling outlined above. Two additional directions of model development may 

follow these initial efforts, however. Hhat has been described above deals with 

energy demands and the proximate effect upon energy demands and food consumption 

qf v-arious env-ironmental conditions. But environmental changes that influence 

energy or food availablity have secondary and perhaps more profound ·effects upon 

the reproductive biology of seabirds. We have not emphasized such effects in 

our initial modeling exercises because to do so necessitates making a great many 

more assumptions in structuring the model. Nonetheless, it is surely possible 

to modify the model to incorporate feedback effects of energy or food avail-

ability, or of energy balance of adults, on the reproductive success or growth 

of young in colonies. Secondly, it has been suggested by several 't·mrkers that 

marine birds may play a critical role in recycling nutrients in Arctic and Sub-

arctic oceanic waters, by diving to capture prey from depths below the mixed 

layer and depositing excrement on the ocean surface or at colony locations. 

Nutrient flow relations are closely coupled l-7ith energy flows, and by using 

appro:g:imations of the- nutrient levels of prey and the efficiencies ·of metabolic 

processing of these elements by the birds, v7e may obtain some preliminary 

estimates of the quantitative magnitude of this recycling functioP 
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Beyond this, the model structures developed during FY 78 may be applied to 

the analysis of information gathered in field studies conducted by other OCSEAP 

investigators during FY 78. They may serve as a valuable aid in planning con

tinuing studies by these investigators, as well as enabling us to define more 

.precisely the energy and food consumption parameters of interest. Finally, once 

developed and successfully applied in the St. George Basin lease area, this 

modeling approach may in following years be extended to parallel analyses of 

other leas.e areas. 

It is difficult to define the milestones and cost requirements for contin

uation of a project such as this. Extension to other lease areas would likely 

involve a 12 to 18 month time period to complete data gathering and analysis 

for 1-2 lease areas at a time, with an annual cost of perhaps $65,000. Such 

continuing efforts should require no additional equipment or entail additional 

·logistics requirements, other than transportation to survey primary study areas 

to develop the biological intuitions ~ecessary to interpret model outputs. 

XVII. 1. Updated Activity/¥ilestone/Data Management Charts will be submitted 

quarterly. 

2. Quarterly reports will be submitted in sufficient time during the con

tract year to be in OCSEAP hands by the. first day of January, July, and October, 

annual reports by April 1. The Final Report 'tvill 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. Vouchering 'tvill include life history stages (e.g., 
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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 project. status 

and progress. Such reviews will be schedules on dates mutually satisfactory to 

both parties. It is understood tha-t 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 

3 month data collection period, unless a written 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 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 ternination. 

9. Three (3) copies of all publication or presentation manuscripts per-

taining 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 arid for forwarding to BLH. The release of such 

material tri_thin 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 

~dth the appropriate Project Office. 

10. All publications and presentations of material developed under OCSEAP 

funds \-Till acknowledge BLM/OCSEAP sponsorship. The following acknowiedgment 

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 respond.ing to 
needs of petrolemn development of the Alaskan continental shelf is 
managed by the Outer Continental Shelf Environmental Assessment 
Program (OCSEAP) Office." 

528 



V1 
N 
\0 

.MILESTONE CHART 

RU If: 108 PI: John A. \-liens 

Major Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

---------------------------------------~----------r~~~-r--~---------~~·.~-------------------·-----[ 197~ 1978 
~JOR MILESTONES ~·~--~~~~--~~~-O~N-~~0~.-~~:~~F~~M-~A~~~ ~~~--$~~ h

1
- -~---~~~.----~r----

Develop data inputs for Pribilof analyses. I 
~~~~~~~~~~~~~~~~---------~---r-+--~-r-+~---r----· -+~---~4-~~-+~-~ 

r ~ I I 

-f-- -1--··-1--1--l--j_J 

1--1--+,--+---+1~ l I 
I!:C~o.!!n~du:::.:;c::.,:t~i:!.in:.:::i-=.t;!;.ia:::.:l=....!m~o:.::d:.'o:e.::l~an~a::.::l:..;L v-~:s:.:::e:.:.:S:......-------------i- _ -· --~--1--4--1---l- -r--1--1--4-·t---1--4-\ 

I 

Confer with other investigators; v.=i.:;.si::.t=-.:!f:..:i~e;.:;l.!!d...Eos~::.;· t~e:;.ss?.:.' ---1--1-+--f·....;·-1-:......t--t--l-- _ 

I 
Develop second generation models 1---l--I~-·->-

~C~o....;n....;d....;~....;t~s~e~c~o....;n....;d~g~e~n~e~r....;a....;t....;i....;~~m....;o~d~e....;l~~~a....;l~y~s~e~s~------~~--~=~~---~~-~~~-~~--B 
1Gather data and analyze pelagic censuses· 
~~~--~:......~~~~....;_~~~~~~~~~------------~--~-~-·--1--~~·--4-·--- ~I 

Conduct additional model simulations l 1---1--hi~ I l 1-----------------------------1-·-1--+. ·-·-' --- ~---~- -1-- --~-1--+----+--1-'-r 

:R:e:u:·o:r:t :P:r:e:u:a:r:at:i:o:n:~~~~~~~~~~~~----____ -:_-_______ ~-__________ ---------i-~~:~~:k:~-~:-:~~-~~~-~~~-1-·==-l--1..- ~- ---.~~-:~~~~:~_ L-16~:~~~:~~~ I 
I i 

-1- -1---l---l--'---!--r 

-~---~----~--~ ~-H-
1---------------·----------l--1----+-F·--1-- -··-

l--_;_ _________ _.....,; _____________ -i--1--i-~----·-·-

--------------------------!--·-·-·-----·- __ ,_ll 
l-+ ,--

1: 
---------------------------· ····-- -·-··-'---J-...:......L--J---'---'--J.-...:...-!--J--.:..-.i--.1..-

1----------------------------r--r·-- -·----,...--
·-------------------------11---1-- -----·---

Planned Completion Date /.' f.\ Actual ·cqmpl~~ton Date 



Publications: 

A. Scientific Papers and Books 

1963 Aspects of Cowbird parasitism in southern Oklahoma. Wilson Bull., 
75: 130-139·. 

1965 Nest parasitism of the Dickcissel by the Yellow-billed Cuckoo in 
l1arshall County, Oklahoma. Southwest. Nat., 10: 142. 

1965 Behavioral interactions of Red-"tvinged Blackbirds and Common Grackles on 
a common breeding ground. Auk, 82: 256-274. 

1965 The Dickcissel invasion of 1964 in southern Wisconsin. Passenger 
Pigeon, 27: 51-59 (Junior author, with John T. Emlen). 

1966 Notes on the distraction display on·the Virginai Rail. Wilson Bull., 
78: 229-231. 

1966 A specimen of the Vermilion Flycatcher from Oklahoma. Condor, 68: 398. 

1966. Post-invasion status of the Dickcissel in southern Wisconsin.. Passenger 
Pigeon, 28: 63069. (Senior author, with John T. Emien) 

1966 On group selection and Wynne-Edwards' hypothesis. Amer. Sci., 54: 273-287 

1967 An instrument for measuring light intensities in dense vegetation. 
Ecology, 48: 1006-1008. 

1969 An approach to the study of ecological relationships among grassland 
birds. Ornithol Monogr., 8: 1-93. 

' 
1970 Metronome timing in.behavioral ecology studies. Ecology,.51: 35Q-352. 

(Senior author, "tvith S. G. Martin, W. R. Holthaus, and F. A. Iwen). 

1970 The water economy of the Sage Sparrow, Arn.phispiza belli nevadens:i,s. 
Condor, 72:- 265-175. (Junior author, with Ralph R. Moldenhauer). 

1970 Effects of early experience on substrate pattern selection in Rana 
aurora tadpoles. Copia, 1970: 543-548. 

1970 Habitat heterogeneity and avian consumer populations in grasslands. 
In Coupland, R. T., and G. N. Van Dyne (eds.). Grassland Ecosystems: 
Reviews of Research (proc. September 1969 Meeting PT Grasslands Working 
Group, International Biological Programme, Saskatoon and Hatador. 
Saskatchewan, Canada). Range Sci. Dept. Sci. Ser. No. 7, Colorado 

. State Univ., Ft. Collins, pp. 77-83. 

1971. "Egg-dumping" by the Grasshopper Sparrow in a Savannah Sparrow nest. 
Auk, ~8: 185-186. 
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1971 Pattern and process·in grassland bird communities. In French, N. R. 
(ed.). Preliminary analysis of structure and function in grasslands. 
Range Sci. Dept. Sci. Ser. No. 10, Colorado State University, Ft. Collins. 
PP. llf 7-211. 

1972 Ecosystem structure and function. (Book) Editor. Oregon State Univ. 
Press, Corvallis. 187 PP• 

1972 Anuran habitat selection: Early experience and substrate selection in 
Rana cescadae tadpoles. Anim. Behav., 20: 218-220. 

1973 Interterritorial habitat variation in Grasshopper and Savannah Sparrows. 
~cology 54: 877-884. 

1973 Pattern and process in grassland bird communities. Ecol. Monogr., 43: 
237-270.-

1973 Estimation of energy flow in bird communities. II. A simulation model 
of activity budgets and population bioenergetics. Proc. 1973 Summer 
Computer Simulation Con£., Hontreal. p. 739-752 (Senior author, with 
G. S. Innis). 

1973 Application of an avian bioenergetics simulation model to Redwinged 
Blackbird - crop relations. Proc. 6th Bird Control Seminar, Bowling 

.Green, Ohio. p. 139-163 (Senior author, 'V."ith l-1. I. Dyer). 

1974 Estimation of energy flow in bird communities: A population bio- · 
energetics model. Ecology 55: 730-746. (Senior author,_with G.S. Innis). 

' 1974 Habitat heterogeneity and the structure of avian communities in North 
American grasslands. Amer. Midl. Natur. 91: 195-213. 

1974 Climatic instability and the "ecological saturation11 of.bird communities 
in North American grasslands. Condor 76: 385-400. 

·" 
1975 Organochlorine levels associated with a common murre. die-off in Oregon. 

J. Wild!. 1-tgmt. 39: 310-320 (Second author, \vith J. M. Scott and 
R. R. Clayes). 

1975 Model estimation of energy flow in Oregon coastal seabird populations. 
Condor 77: 439-452. (Senior author, with J. H. Scott). 

1975 Simulation modeling of blackbird impact on grain crops. J. Appl. Ecol. 
12: 63-82. (Senior author, with M. I. Dyer). 

1975 Model estimation of energy flow in northwestern coniferous forest bird 
communities. Ecology 56: 547-561. (Senior author, with R. A. Nussbaum). 

1975 Rangeland avifaunas: Their composition, energetics, and role in the 
ecosystem. Pro c. Symp. Hgmt. Forest and Range Habitats for Nongame 
Birds. USDA Forest Service, General Technical Report H0-1: 146-182. 
{Senior author, with H. I. Dyer}. 
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1975 Avian communities, energetics; and functions in coniferous forest 
habi-tats. Proc. Symp. }fgmt. Forest and Range Habitats for Nongame 
Birds. USDA Forest Service, General Technical Report W0-1: 226-265. 

1976 A method for estimating species dispersion from transect data. Amer. 
Midl. Natur. 95: 69-78. (Junior author, with J. T. Rotenberry). 

1976 A conceptual model of diet selection as an ecosystem process. J. Theoret. 
Biol. 60: 93-108. (Second author, with J. E. Ellis, c. F. Rodell, and 
J. C. Anway). 

1976 Population Responses to Patchy Environments. Ann. Rev. Ecol. Syst. 
7: 81-120. 

in press 

in press 

in press 

in press 

in press 

On Competition end Variable Enviro!'nents. Ainer. Sci. 

Impact on granivorous birds on ecosystem. In Kendeigh, S. C., and J. 
Pinowski (eds.). Granivorous birds in ecosystems. Cambridge Univ. Press. 
(Senior author,with M. I. Dyer). 

Adaptive strategies of granivory. In Kendeigh, S. C. and J. Pinowski 
(eds.). Granivorous birds in ecosystems. Cambridge Univ. Press. 
(Senior author, with R. F. Johnston). 

Nongame bird communities in Northwestern Coniferous Fore~ts. Proc. 
Workshop Nongame Bird Habitat :Hgmt. in Coni£. Forests Hest. U.S. 
USDA Forest Service Rept. 

Nongame bird communities in Northwestern Rangelands. Proc. Workshop 
Nongame Bird Habitat Hgmt. In Conif. Forests tv est. U.S. USDA Forest 
·service Rept. (Junior author, with J. T. Rotenberry). 

in press Concluding Remarks. In Pitelka, F. (ed.). Shorebirds in-Coastal Ecosystems 

submitted Wiens, J.A. and M.I. Dyer. Blackbirds, corn, and models. Natur. Hist. 

submitted Wiens, J.A. Model estimation of energy flow through breeding bird com
munities in North American grasslands. Oecologia. 

(the following manuscripts are in preparation) 

Wiens, J.A. and J.T. Rotenberry. In prep. Patterns of eco-~orphological 
variation in grassland birds. Auk 

Wiens, J.A. and J.T. Rotenberry. In prep. Trophic relationships among 
grassland birds. Condor 

B. Technical Research Reports: 

1970 Avian populations and patterns of habitat occupancy at the Pawnee site, 
1968-1969. U.S. IBP Grassland Biome Tech. Rept. No. 63., 47 p. 
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1971 Avian ecology and distribution.in the Comprehensive Nework, 1970. 
U.S. IBP Grassland Biome Tech. Rept. No. 77, 49 pp •. 

1972 Predictability of patterns and variability of precipitation in grasslands. 
U.S. IBP Grassland Biome Tech. Rept. No. 168, 23 p. 

1974 BIRD Model description and documentation. U.S. IBP Grassland Biome Tech. 
Rept. No. 246, 133 p. 

1974 Dietary relationships among breeding bird populations at U.S. IBP Grass
land Biome sites, 1970. IBP Grassland Biome Tech. Rept. No. 262, 92 p. 

1974 Avian populations at Ale, Pantex, Osage, and Cottonwood, 1972. U.S. IBP 
Grassland Biome Tech. Rept. No. 267, 107 p. 

C. Reviews, Published Abstracts, etc. : 

1965 A physionomically-based system for describing grassland habitats, with 
special reference to grassland birds (Abstract). Bull. Ecol. Soc. 
Amer. , 46: 199 • 

1967 Ecological relationships among the breeding birds of a southern lvisconsin 
grassland and community (Abstract). Bull. Ecol. Soc. Amer., 48·: 61. 

1968 "A hybrid discipline" (Reviews of Hirsch, "Behavior-Genetic Analysis11
) 

BioScience, 18: 143. 

1968 "African Birds" (Review of Moreau, "The Bird Faunas of Africa and its 
Islands"). BioScience, 18: 449. 

1968 "Predators" (Review of Errington, "Of Predation and Life"). BioScience, 
!'8: 740-741. 

·1968 "Evolution" (Review of Dunbar, "Ecological development in Polar Regions: 
a study in Evolution"). BioScience, 18: 903-904. 

1969 "Review Feature" (Review of Lack, "Ecological Adaptations for Breeding 
in Birds"). BioScience 19: 1123. 

1970 "Behavioral Ecology" (Review of Klopfer, "Habitats and Territories: A 
Study of the Use of Space by Anaimals"). BioScience 20: 122-1223:. 

1970 Habitat heterogeneity and the structure of avian communities in grasslands 
(Abstract) . Bull. Ecol. Soc. Amer. , 51(2) : 29. 

1970 Early experience and substrate pattern selection in Rana aurora and R. 
cascadae tadpoles. (Abstract). Amer. Zool., 10: 290. 

1971 "Ecosystem: 'Review of Van Dyne, "The Ecosystem Concept in Natural Resource 
Management"). BioScience, 21: 248. 
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1971 Pattetn and process in grassland bird communities (Abstract). Bull. 
Ecol. Soc. Amer.,.52: (Invited Symposium Paper). 

1971 Patterns of inter-territorial habitat variation in grassland birds. 
(Abstract). Bull. Ecol. Soc. /<mer.· 52: 

i972 An avian population energetics model. Southwestern Rock Mtn. Division 
AMS. 

1973 Estimation of energy flow in bird communities. 
acitivty budgets and population bioenergetics. 
Simulation Conference (invited paper). 

1973 Five .articles on Ethology in the Horld Book. 

1974 Two articles on Ethology in the World Book. 

II. A Simulation model of 
1973 Summer Computer 

1974 Review of Fret-vtell, S.D. "Populations in a seasonal environment". 
Auk 91 i . 204-207. 

1974 Review of May, R.M. "Stability and complexity in model ecosystems". 
Auk 91: 645~646. 

1975 Review of "Populations Ecology of :HigratoryBirds". lvilson Bull. 87: 566-567. 

1976 Reivew of Cody, M.L. "Competition and the structure of bird communities 
Auk 93: 396-·400. 

1976 Review of Williams, G.C. "Sex and Evolution.'' Auk 93: 865-866. 

1977 Review of Gilpin, ~I.G. "Group selection in predator-prey communities. u 

Auk 94: 177-178. 

D. Theses Directed: 

Anderson, S .H. 1968. The avifaurial compostion of Oregon lfuite Oak stands. l1.A. 

Holdenhauer, R.R. 1969. The tvater economy of the Sage Sparrow, Amphispiza 
belli nevadensis (Redtvay) • Ph.D. 

Gibson, F. 1969. 
americana). 

A Behavioral analysis of the American Avocet ~ecurviros 
M.S. 

Kroodsma, D. E. 1972. Singing behavior of the· Bewick's t-lren: Development, 
dialects, population structure, and geographical variation. Ph.D. 

Rotenberry, J.T. 1973. A method for estimating species dispersion from transect 
data. H.S. 

Scott, J .M. 
birds. 

1973. Resource Allocation in four synoptic species of marine diving 
Ph. D. 

States, J.B. 1974. Local adaptations in chipmunk (Eutamias amoenus) populations 
and evolutionary potential at species borders. Ph.D. 
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Techni~al Proposal Form 

I. Gulf of Alaska Shelf Circulation 
RU 138 
Contract Number: 
Proposed Dates of Contract: 1 October 1977 - 30 September 1978 

II. Principal Investigators: 

Dr •. S. Hayes 
.Mr. R. Charnell 
Dr. J. Schumacher 
Dr. R. Muench 
Dr. H. Mofjel d 

II I. Cost of Proposa 1 : 

Total $449,600 . 
Distribution of Effort by Lease Area: 44% Lower Cook Inlet 

22% NEGOA 

IV. Background 

1. Coordination With Other RUs: 

17% Western GOA . 
17% Kodiak.Island 

The current meter measurements in the Western Gulf of Alaska Shelf, 
Kodiak Island, and Lower Cook Inlet experiments will be coordinated with 
Dr. Royer's (RU 289) CTD operations to provide a data base from which gee
strophic components may be deduced. Observed currents and density distri
bution will be available for Dr. Galt's {RU 140) modeling efforts. 

Deployment of transponding drifter buoys in Lower Cook Inlet will 
be coordinated with measurements of surface currents using Doppler shift 
radar (RU 48). Spatial and temporal flow variability will be related to 
geological experiments conducted under RU 327 and to meteor~logical studies 
(RU 367) •. 

Drift card and seabed drifter studies in the Kodiak Island region will 
be coordinated with surveys conducted under RU 341. 

2. Relation to Previous Research: 

·A. Lower Cook Inlet: As a result of the Lower Cook Inlet Synthesis 
Workshop {November 1976) and subsequent discussion, culminating in the Mar~h 
1977 Anchorage meetings, it is evident that circulation patterns and p~evall
ing meteorology in this region are not understood to the l:vel of_detall re
quired to make reliable predictions of transport of conta~1nants 1ntroduced 
by OCS development. We will undertake a broad scope phys1cal ocea~ography/ 
meteorology program to improve understanding of transport process 1n Lower 
Cook Inlet. · 
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B. Kodiak Island: As presented at the Kodiak Island Synthesis 
Meeting (March 1977) and described in the 1977 Gulf of Alaska Anjual Report 
(RU 138), there i·s a distinct ·change in velocity field characteristics be
tween shelf-break current records and those records from moorings on North
ern Albatross Bank. Further, recent current records from Southern Albatross 
Bank (located adjacent to a trough) ind1cated a tendency for flow to be 
along the trough. Jhese preliminary results tend to confirm Dr. J. Galt's 
model results as presented at the Physical Oceanography and Meteorology 
PI Workshop at Union, Washington (May 17-19, 1977). It appears that the· 
Alaskan Current exerts little influence on Kodiak Island shelf flow, parti
cularly in the mid-shelf to nearshore region. Dr. Galt's modeling effort 

·implied that coastal flow was generated under specific wind stress condi
tions, with communication between nearshore and shelf break regions occur
ing through the troughs. 

C. Mitrofania Island Shelf: As part of the study of the flow field 
west of Kodiak Island, we propose an experiment in the vicinity of Mitro
fania Island. This region was chosen in order to test the general appli
cability of the Icy Bay (NEGOA) process experiment results. The continental 
shelf near Mitrofania is broad (120 km) and relatively deep (100m). ·The 
flow field will be influenced by local winds, the Alaska Stream, local 
bathymetry and the complex circulation associated with Shelikof Strait. 
Implementation of this experiment during the FY 78 field year will permit 
correlations to be made w.ith the upstream flow _by using the data collected 
by the relatively detailed Kodiak Island experiment. Additional complica
tions induced by the Shelikof Strait - Kodiak Island flow, the different 
wind regime, and the more complex offshelf flow associated with the ·separa
tion of the Alaskan Stream makes the Mitrofania area fruitful intercomparison 
with the Icy Bay area. · 

D. Northeast Gulf of Alaska (NEGOA): No new field work is proposed 
for this region. The previous research resulted in a large volume of current 
meter, pressure gauge, and CTD data. Preliminary results from the analysis 
of the these data have been presented at OCSEAP Principal Investigator meet
ings, synthesis meetings., and at national scientific conferences.· However, 
much analysis remains. The research effort for F'r' 78 will concentrate on 
this analysis with the goal .being a final report in September, 1979. 

V. Objectives: The general objective of the proposed program is to 
characterize circulation patterns with emphasis.on determining the 
likely distributions of water-borne contaminants. Specific objectives 
are: 

(1) 

(2) 

( 3) 

(4) 

A. Lower Cook Inlet: 

To relate observed and computed -over-the-water winds to direct observa
tions of currents. 
To correlate surface currents obtained by Lagrangian techniques with 
subsurface Eulerian measurements. · 
To relate surface currents obtained by Doppler radar techniques to 

·Lagrangian surface current measurements. 
To cbaracterize temporal and spatial variability in the flow fi~ld in
cluding flows through the Barren Islands and upper Shelikof Strait as 
a function of season (winter/summer.}. 
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(1} 

(2} 

(3) 
(4) 
(5) 

( 1) 

{2) 
(3) 

. ( 4} 

(1} 

2) 

· B. Kodiak Island: 

To examine flow in the troughs and banks off Kodiak Island and on 
the shelf downstream from Shelikof Strait using current meters, sur
face drift cards, seabed drifters and density data. 

. To characterize temporal and spatial variability in the flow field 

. as function of season (summer/winter). 
To relate observed and computed surface winds to observed currents. 
To determine spatial variability of tidal currents. 
To characterize seasonal distribution of density. 

C. Mitrofania Island: 

To examine correlations>between observed currents, meteorological 
parameters and sea level variations •. 
Determine influence of bathymetry on the flow. 

. Examine local and non-local forcing • 
Relate Icy Bay results to this new area in order to test their 
general applicability. 

D.· NEGOA: 

Continue analysis of data from FV 76 and FV 77 in order to: 

(a) Interrelate bottom pressure gradients, currents, and wind measure-
ments. · 

(b).· Investigate importance of topog,raphic, tidal, local ·and non-local 
. forcing upon the current regime in the Northeast Gulf. 

Summary and synthesis the results of the analysis into a final report. 
< ' 

VI. General Strategy and Approach: To make direct observations that yield 
current meter, pressure gauge, surface drift card, seabed drifter,.radar track-

·ed drifter and CTD data to characterize general circulation.· Since the incep
tion.of the Gulf of Alaska. OCSEAP· program in J974, an immense qu~ntity of 
physical oceanographic data has been accrued. For example, there have been 
approximately 5,000 days of usable current meters and 3 pressure gauges in 
the water (these will be in continuously through ~V 77}. Son:~e of these .data 
have been presented in reports and publica.tions which have had a pronounced 
impact on the scientific knowledge of this region; however, the majority of 
data has not been analyzed nor interpreted fully. Thus, the primary task dur
ing FV 78 will be and analysis and interpretation, and synthesis of data 
collected through fY 76 and ·FV 77, concomitant with the proposed experimental 
program (see VII for details}. · 

VII. Sampling Methods: 

A. Lower Cook Inlet: The sampling program in Lower C~ok In~e~, incl~d
ing Kennedy and Stevenson entrances and northern Shelikof Stra1t, ut1l1Z~S 
moored current meters, shore-mounted sea surface level gauges and CTD gr1ds to 
study aspects of the regional circulation. Specifically: 
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(1) 

(2) 

(3) 

(4) 

(5) 

Moorings Cl - C7 address circulation details in the low energy 
region of Lower Cook Inlet, and provide information on net ·in
and outflow: 
Moorings C8 - ClO address the net flow through Kennedy and Steven
son entrances and Shelikof Strait; 
Mooring Cll is primarily for support of the geological programs 
investigating sedimentation in the gyre off Kachemak Bay; 
The shore~mounted sealevel gauges will, in conjunction with wind 

· driven data from the environmental buoy and regional NWS stations, 
. aid in interpreting regional flow dynamics; and 

The CTD data will aid in determining baroclinic vs. barotropic flow. 

The two mooring periods -bracket winter and summer ·to allow detection 
of ~easonal variation •. CTD data will be obtained at the beginning and end
ing of each mooring period, and about 150 stations will be occupied in 
Lower Cook Inlet. The grid will be most concentrated in the vicinity of 
moorings Cl - C7 to clarify details in the relatively complex density field 
there. An interim CTD cruise is required, during peak runoff (mid-July} and 
should be undertaken by a NOAA ship. · 

B. Kodiak Island: The locations for moored arrays are shown in. 
Figure 1. Arrays K6 to Kl3 are part of the Kodiak Island experiment. Array 
K6 was located to measure cross-shelf flow, possible shoreward flow associated 
withthe Alaskan Current·, and to provide continuity with measurements from 
the Barren Islands. · Arrays K7 to K9 ·will be equipped. with bottom·pressure 
gauges. to examine cross-shelf sea level slope. Current records from these 
ar-rays wil-1 be used-to characterize the cross shelf velocity fi·eld. ·Array 
K7 was located to measure possible wind driven near-coastal flow. Current 
records from K8 and K9 address cross-shelf flow and provide longshelf coher
ency length scale information when.compared to KlO. Current records from 
arrays Kll - Kl3 will provide information·regarding outlflow from Shelikof · ... 
Strait and velocity characteristics upstream from the Mitrofania Island re-
gional experiment. CTD data.will be collected at approximately 150 stations 
in this experiment to aid in determining_ barocl inic flow components, to de-
fine the seaward edge of the Alaskan current, and to define water. ·masses. 
fr1oored.arrays and CTD operations will be conducted on a seasonal basis, with l 
the CTD statio.ns being occupied after deployment and prior to recovery. · ! 
Additionally, about 3000 seabed drifters and 5000 surface drift cards will 
be released at mid-shelf sites during the June 1978 CTD cruise. Interim 
CTD cruises are required (during January and July 1978} and should be under-
taken either by Dr. T. Royer (RU·289} or via a NOAA ship. 

C. Mitrofania Island: Arrays Ml to M4 comprise the Mitrofania Is
land experiment. Each array will be equipped with a bottom mounted pressure 
gauge in addition to current meters .. Arrays M2 to M4 will provide.cross
shelf pressure and velocity gradient information. Array Ml will provide 
along-shelf flow and pressure gradient data. Three CTD lines consisting of 
about 25 stations each are proposed: (1} perpendicular to the coast over Ml 
and extending to 1500 m depth (2) across arrays M2 to M4, and (3) midway be
tween lines 1 and 2. Station spacing will be approximately 5 km on the shelf 
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to resolve complex flow associated with Shelikof Strait, and will expand 
to 10 km seaward of the shelf break. 

VIII. Analytical Procedures 

N/A 

IX. Anticipated Problems 

N/A 

X. Products: 

1. Digital Data: 

A. All current meter, CTD, and pressure gauge data will be in 
·digital form for submission to OCSEAP in approved format on processed 
data tapes, using formats 015, 022 and 017 respectively. Digital data 
will include dates, times, release/recovery points and intermediate 
points for surface drifter trajectories. 

B. See attached Data Products Schedule 

C. Narrative reports will be provided containing a description 
of mooring locations; measurement and analysis techniques; sampling fre
quency and duration. The reports will include the results of stattstical 
analyses of the current meter and pressure gauge records and, to the extent 
permitted, a description of regional circulation· patterns. The report will 
also contain interpretation a·nd analysis of drift card/sea bed drifter re
coveries leading to inferences on nearshore current patterns as related to 
local weather conditions and supporting oceanographic data. The report for 
Cook Inlet will also describe thr eelationship between the regional meteor
ology, river discharge and seasona.l circulation patterns. 

D. Visual Data: As appropriate, the ·following types of vi.sual data 
may be included in the Narrative Report. · 

Time plots of filtered current meter and pressure gauge data showing 
. both tidal and non-tidal velocity and pressure fluctuations. 

Progressive vector diagrams·. 

Scatter Plots. 

Energy density spectra. 

Plots showing coherence between wind, corrected sea level and currents. 

Charts showing release, intermediate and recovery points, with inferred 
drifter trajectories. 
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6. 

Data Products Schedule 

Data Type Media Estimated Processing and 
( ie. Intertidal, (Cards, ·Cod- · Volume· .. OCSEAP Formating.done Collection 
Benthic Organisms, · ing sheets, (Volume of Format . by PI .. ! period . Submission 
etc.) · tapes, disks) .Processed data) ·.(If known) (Yes. or .No) (Month/Year to Month/Year) (Month/Year) 

Current Meter Tape 250 months File Type .Yes l0/77·to 3/78 6/78. 
015 

Current Meter II 200 months . .. · II II · S/78 to 9/.78 12/78 

Pressure Gauge II . 20 months File Type . U, 10/77 to·3/78 6/78 
. 017 

CTD II 300stations ·File Type 022· II 10/77 1/78' 

CTD II II ... li . 3/78. 6/78 Ln 
.;... 
0 

CTD II 250 stations . ·. II . II 5/78 8/78. 

cTo·. II II. . : II u. 9/78 12/78. 

Transponding.drifter II N/A.· 



__ .... -- ________ , 
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Seasonal maps of tidal and non-tidal circulation patterns as func
tions of depth (in Cook Inlet). 

Maps showing seasonal distributions of water properties in Cook 
Inlet. 

Maps of bathymetry (in Cook Inlet). 

E. Other Data: Aerial photographs of_surface and recovery sites. 

F. _ Data Submission Schedule: see Data Products Schedu)e. 

XI. Information Required from Other Investigators 

Close ~oordination will~be carried out with D. Hansen (AOML)~·T. 
Royer (UA) ~ J. Galt (PMEL), R. Reynolds .(PMEL), D. Barrick (RU 48), and 
.personnel· from RU 341. · 

XII. _Quality Assurance Plans:. 

All equipment is and will continue to be calibrated at NWRCC as per 
OCSEAP requirements already established. 

XIII. Special Sample and Voucher Specimen Archival Plan 

N/A 

XIV. Logistics Requirements: 

A. Ship Support 

1 • See Figure l. 

2. 

3. 

Operations at moored array sites will consist of deployment/recovery. 
Array design will be similar to that presently used~ Additionally, 
~pproximately 300 CTD stations will be occupied. Exact locations 
will be furnished for Project Instructions. 

-Optimum chronology of observation is_ given in TABLE I. 

4. See TABLE I. 

5. All investigations are principal for the operation. All rnoori_ng 
operations require daylight. A deployment requires about 1 hour, 
as does a recovery (given no problems). CTD work may be undertaken 
any time, typical on station time is 15-20 minutes. Deployment of 
4 nearshore pressure gauges (Lower· Cook Inlet) will-require a skiff 
and could take several hours each. 
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6. :Standard electronic testing eq~ipment, CTD system, 7-track digital 
tape recorder, salinometer, Nansen Bottles, reversing thermometers, 
Survey Technicians.and deck crew (for array deployments). 

7. Anchors for the Western Gulf experiment will be railroad wheel tri
pods (up to 2,700 lbs.), the remaining arrays will be concret: anchors 
(1 c~bic yard, 3,700 lbs.). Subsurface flotation will be either 28 
or 41 inch spheres. · 

8. No. 

9. No. 

10. Yes. NOAA; for moorings DISCOVERER is recommended. 

11. N/A 

12. · Two people. Participants for LEGS I a, Ib and II be: 

LEG Ia: ·Chief Scientist, c. Pearson, NOS/PMEL: W. P·arker, ET 
LE.G lb: 11 11 n 11 11 11 

LEG II: Chief Scientist, J. Haslett, PMEL 

B. AIRCRAFT _SUPPORT - FIXED WING N/A 

C. AIRCRAFT SUPPORT- HELICOPTER: When helicopter operations are 
in Kodiak Island area, will use crew on a not to interfere basis to look for 
drifters. 

D.· QUARTER AND. SUBSISTANCE SUPPORT - N/A . 

E. SPECIAL LOGISTICS SUPPORT - N/A 

XV. Management Plan: (see attached Milestone Chart) 

Pis will maintain a management plan which is an extension of that used 
in FY 77 work. Additionally, R. Charnell will function as OCSEAP Program 
Manager for PMEL and will be the focus ·for program management. 

XVI. Outl oak: 

A. Lower Cook Inlet. Should the·field program be successfully com
pleted (September 1978), the program for FY 79 will be devoted primarily to 
data analysis and interpretatio-n. Some field work may be required; howevar, 
such work waul d 1 i kely be on a much reduced scope. 

B. Kodiak Island. The proposed FY 78 program in this regi~n.is a pre
liminary experiment on a bathymetrically complicated shelf. We-~n~1c1pate 

1 that additional field operations may be required in FY 79 on a s1m1lar leve 
to those presently preposed. 
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Major Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; ~tiDrkshops; etc. 
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LEG 

Ia 

Ib 

II 

IV 

III 

Va 

Vb 

VI 

VII 

VIII 

9 

TABLE 1 

LOGISTICS REQUIREMENTS 

DATE DAYS OPERATION 

3 (Kodiak) - 6 Deploy ten current meter arrays 
8 (Kodiak) Oct. 77 & 5 bottom pressure gauge arrays 

in Lower Cook Inlet Shelikof 
Strait and Barren Islands region. 

10-18 (T/G at Kodiak) 9 Deploy eleven current meter arrays 
Oct. 77 (seven arrays include pressure 

gates) on Kodiak Island Western 
Gulf of Alaska shelf. 

19 Oct - 2 Nov 77 15 Occupy approximately 250 CTD 
stations in Lower Cook Inlet 
Kodiak shelf and Western Gulf. 

15-29 Mar. 78 10 Recover all arrays deployed in 
October 

3-18 Mar 15 Occupy all CTD stations 

14-19 May 6 Same operation as LEG Ia 

22-30 May 9 Deploy Kodiak Island and Lower Cook 
Inlet arrays 

1-15 Jun 15 Same as lEG II 

1-15 Sep 15 Same as LEG II 

18-28 Sep 11 Same as LEG I~ 
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c. Mitrofania Island. As above, this experiment is exploratory 
in nature and may require additional field work in FY 79. 

0. NEGOA. ·The program will be completed for this region upon 
submission of a NEGOA Final Report {planned date, September 1~78). 

E. New field efforts. Upon successful completion of this pro
posed research, data w11l be available for analysis and interpretation 
throughout the proposed Gulf of Alaska lease sites with the exception be
ing ·tne shelf region west of the Shumagin IsHmds~. We reconnnend that in 
FY 79 field operations be initiated on the shelf off Unimak Island and that 
flow through Unimak Pass should be investigated. The latter objective 
would provide information regarding continuity of the general circulation 
between the western Gulf of Alaska and Bristol Bay (RU 141). We estimate 
that required funding for the entire FY }9 program will be similar to FY 78, 
with emphasis on analysis and interpretation. 

XVI I.: Standard Statements: 

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 January, 
July, and October, annual reports by April 1. The Final Report 
will be submitted within 90 days· of the termination of the con
tract. 

3~. Where bi.ota are concerned, all species and higher categories will 
be represerited,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 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 leasttwice duringthe 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 pe·r diem for these trips 
will be borne by the Project Office. 

5. Data will be provided in the form and format specified by OCSEAP, 
acc.ompanied 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 written waiver 
has been received from the Project Office. This does not apply 
to report requirements (see para. 2}. 
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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. 

9. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific mater:-ial devel9ped u.nder 

. 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 presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The follow
ing 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 
ShelfEnvironmental Assessment Program (OCSEAP) Office ... 

11 ·• · Cost Proposal (see attached fqrm) 

Other Information: 

a) The principal investigators and PMEL have had considerable experi
ence in Alaskan Oceanographic investigations. Iq particular, the 
same team of individuals that designed and carried out the first 

. two years of field effort for OCSEAP will continue the program for 
FY 77. 

b) The principal investigator shall actively lead and supervise the 
proposed work and shall take full responsibility for timely com
pletion of all tasks described herein. 

c) The persons, other than Pis, who will take an active part in the 
program are: 

D. Pashinski, PMEL 
C. Pearson, . NOS · 
G. Krancus, NOS 
R. Sill cox . 
S. Raaum, NOS 
J. Haslett, PMEL 
M. Grigsby, PMEL 

Persons authorized to conduct negotiations are: 

PMEL - J. R. Apel (FTS 399-4079) 
R. L. Charnell (FTS 399-1960) 
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Date: August 4, 1977 

U.S. DEPARTMENT OF CONftViERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 

PACIFIC MARINE ENVIRONMENTAL LABORATORY 
3711 - 15th Avenue Northeast 
Seattle, Washington 98105 

To: Herbert .E. Bruce, OCSEAP Project Manager, Juneau 

::SQ) 
From: Jim D. Schumacher, Research Oceanographer~ PMEL, Seattle· 

subject: Research Unit 138 

This memo contains rev1s1ons to· the FY 78 renewal proposal {RU 138) 
as requested in your letter (27 July 1977) ·and should be appended 
thereto. · 

1. Our proposed drift card study for the Kodiak Island experiment 
was designed in accordance to the renewal proposal guidance letter 
(18 May). The use of personnel from RU 341 to search for beached 
drift cards will also enhance returns of seabed.drifters released 
as part of this exper.iment. Experiments using these Lagrangian 
techniques are difficult to interpret. even under ideal, i.e. highly 
populated regions, conditions .. The combination of·personnel from 
RU 341, the relatively "high population" (by Alaskan standards) and 
extensive fishing activities will yield the greatest-probability of 
success for both drift cards and seabed drifters in the Kodiak Is
land area .. If the drift card experiment is either moved to "near 
Hinchinbrook Entrance" or the number of drift cards split between 
the two regions., we believe the v~l ue of the experiment will be · 
diluted. 

Therefore,_we strongly recommend that the d.rift card experiment re
main as a pilot study described in the proposal. 

2. Add to Milestone Chart: 

(a) Historic Data Analysis: ·Lower Cook Inlet.- in March 1978. 
{b) Submit return data from drift card and seabed drifter ex

periment •. December 1978. 

3. Add to Section· ·vi, "General Strategy and Approach" to par.a.graph: 

The FY 1978 field work addresses the problem of circulation through 
the Cook Inlet, Shelikof Strait and NW Gulf of Alaska shelf r_egion. 
west to Mitrofania Island. This entire area .is treated in the study 
as a single system; divisions. into sub-areas are for logisti~al pur
poses only. This unity is reflected in the field work, as s1ngle con-
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tinuous cruises (several legs) are utilized to occupy stations con
secutively through the reg.ion and thus obtain data representative 
of a single period for the whole region. 

Add to Section XI, 11 Information Required from Other Investigators .. , 
the statement: 
Radar tracked Lagrangian drifter data will be acquired by. verbal 
or written request from Dave Burbank (ADF86). Satellite tracked 
Lagrangian drifter data will be obtained by verbal or written re;.. 
quest from Don Hanson . (AOML). 

4. Add to Section X-0, 11 Visual Data 11
, the following: During the 

first quarter of FY 78 we will evaluate various techniques for pre";' 
sentation of ·visual data to help summarize research. efforts. Such 
techniques are: expected to evolve in part from discussions with 
personnel from Boulder and Juneau OCSEAP project offices, NODC 
and BLM and will not be limited to those which PMEL expected to 
provide. One example of such a presentation. which could routinely 
be provided by NODC is use of motion picture techn.iques (time series· 
vectors) to demonstrate.coherence·of currents over an·area. Other 
data display techniques will be identified and presented in the 
quarterly report. 

5. Replace Section XVII-6 with the. following: Data will be submitted 
to the Project Office within 120 days of the .completion of a cruise or 
3 month data collection period, unless a written.waiver has been re
ceived from the Project Office. This. does not apply to report require-
ments. · 

6. Add to Section XII, 11 Qtiality Assurance Plan'', the statement: 
Our methods for gathering, processing and checking routine data are 
documented in. the PMC Manual and will not be reite.rated with each sub
mission of such data. Such submissions will be accompanied however by 
a statement that gathering, processing and checking have been carried 
out according tothe PMC Manual. In cases where new procedures are 
utilized, these will be documented with a supplementary report detail
ing the procedures. ( cf. for example, "A process1ng system for Aanderaa 
current meter .data" by R. L. Charnell and G. A. Krancus~ NOAA Tech Memo 
ERL-PMEL-6). . 

7. Add to Section X-Al, 11 Digital Data". No additional digital data 
parameters are needed informats 015, 017 and 022 for quality data re
ports. No format redesign will be necessary. 
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Technical Proposal Form 

I. Alaska Numerical Modeling 
RU 140 
Contract Number: 
Proposed date of contracts: l October 1977 -:- 30 September 1978 

II. . Principal Investigator: J. A. Galt 

III. Cost: 
A. Sci~nce ••••••••••••••• 
B. P.I. provided logistics .•••••• 
C. Total . . . . . ·,.----. . . . . . . . . . 
D. Distribution of Effort by Lease Area: 

'$-lstl.OOO 
NEGOA 40% 
l<ODIAK/LCI 35% 
Aleutians 10% 
Deve1opmori:t app l i.-
.caute te all areas 15% 

' . 

IV & V. · Background and Objectives 

The proposed research will be a continuation of an ongoing project at 
PMEL. The goal is to describe, synthesize, and communicate observational 
and theoretical results on the distribution and movement of hydrocarbon 
pollutants in areas identified for potential oil and gas development. 
This \'tori< is part of a larger and more general oil spill research study 
being done at Pl't1EL and is coordinated \'ti th R and D -~fforts sponsored by 
MESA~ EPA and Marine Services that are primarily focused at other geo
graphical areas but that share a certain commonality in both software and 
theoretical development. Major costs associated wi-th this years \'/ork are 
for personnel. This reflects a more intensive effort at applying modeling 
techniques and in using computer and gr~phics hardware developed in 
previous contract years·. In addition, more observational field data. is 

. becoming available all of the time and this requires a more personnel in
tensive effort to effectively utilize the model and simulatton programs. 
The modeling program, as it is set up, \'till interface with a number of 
other both theoretical and observational programs currently being carried 
out under OCSEAP ·sponsorship. · 

Meterological input data will be needed from the NEGOA area, the 
Hinchi.nbrook/Prince \'fllliani Sound area, and the Lower Cook Inlet/Kodiak 
ai'ea. · In this case the major interface will be the \'lork that is being 
carried out by Mike Reynolds at this laboratory. STD measurements \'Jill 
be required for both the Hinchinbrook and Kodiak area.·_ These \·1ill have to 

. be coordinated through PMEL and NOS efforts as well as research that ~ill 
be carried out by Dr. Tom Royer's contract at the University of Alaska. 
In .addition the project will call upon research that is being done.at 
EDS in CEDDA by Dr. Jim Matts·on covering spreading processes and o~l 
sediment interaction. Finally it will be necessary to_interface \'11th . 
other NOAA spills studies being carried out in the Nat1onal Heather Servlce 
\'tith EPA passthrough money by Dr. Celso Barrientos. 
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VI. General Strategy and Approach· 

To meet the obje~tives set forth in this proposa·l a series of numerical · 
models have been designed along \'lith a conceptual mode'l for their ·impl"imen
tation. The starting point for these considerations is a description of the 
environmental assessment process; The general steps required in an environ
mental assessment are summarized in figure 1. Each of these boxes represents 
studies that must be carried out. In addition, it is crucial that the resu1ts 
of these studies be synthesized and communicated to the next component of 
the general assessment process. \~tthout this ·communication any program,. 
no matter how ambitious, will be little more than isolated ·pieces. These 
may be of interest to the specialists but they are not likely to be strong 
contributors to the complex interdisciplinary ·process of coming up \'lith 
an accurate estimate of environmental alternatives. · 

Clearly·.the first step in an envi"ronmental evaluat.ion ·of potential .. 
impacts· from hydrocarbons is ~o come up with _est~mates o~ \'/hens- _vJhel:e and 
how much oil is likely to be 1ntroduced~ Th1s w1ll reqUlre proJect·•ons of 
expected development, historical analyses of spill records from s·imi 1 ar 
gas and on fields and an evaluation of special regional hazards. The 
information from these studies specify the source distribution for the next 
element ·in the general assessment study. · 

Once· the amount of pollutant is given, the next question is where will 
it go, and what will the distributed coJ:~centrations be? Tlris study is · 

. represented by the second box in figure 1 and is associated \'lith physical 

. oceanographic studies and trajectory modeling. This information generated 
by these studies gives guidance for the next series of studies relating 
to biological investig~tions. 

Onced.t<is 'determined \'/here and how much oil is introduced into the 
environment. the question of who it will impact must be answered. These· 
studies then must identify 1t1hat populations are at risk. After. potentially 
impacted populations have been identified, effects work and the expected . 
exten! of damage must be estimated. Input for these studies will typically 
be sp11l concentrati·on and duration of exposure data· combined with biolog-ical 
census information. 

The final step in an environmental assessment is to cost out the damage 
and eval~ate alternative development scenarios. 

Although considerable effort is going into the general problem of 
assessing the environmental impacts associated with oil and gas development 
of the_ OCS the author kno1t1s of no coordinated effort that is carrying through · 
all of the steps outlined above.· Most of the' presently proposed studies concentra~ 
on physical movement and dispersion.studies and obviously can't address the . 
complete assessment problem~ either. While this is being carried out, · 
however~ an effort will be made to insure that these studies are conceptually 
compatible with the communication demands implied in figure 1. This Nill 
be done by looking at spill statistics and examining the forms of probability 
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computer terminals which can be carried around to \·lherever a SfJOnsot· 
is interested in looking at the oil spil'l model and which can communicate 
back to the basic computer by telephone. · · 

Diagonostic. Model Utilization. The computer progl~ams fm"' the diagnostic 
model are \'/ell developed and tested for a number of different cases. i•Iork 
with the diagnostic model this contract. year will be primarily ·in· the 
exercise of the model for .new data sets. In particular we \f./ill be looking 
at the NEGOA case .. Also we \'lill be looking at the Kodiak and en trace to 
Lower Cook Inlet data. ·Some of this.data is already available. Howevers 
we \'/ant additional sets so this \·till be one of the areas where coordination 
with the observational. program will be required. The third area where we 
\'Jill apply the model is in the Hinchinbrook entrance region .. This is another 
area where data sets do not exist, and we· will be intere?ted in coor·dinating 
this with the.observational program. ·Diagnostic model .output \'/ill be 
presented by itself in the form of.vector current ·maps for use in briefings 
and synthesis meeting and. where appropriate. results \'lill· also be incor
porated into the general oil spill trajectory model by including them 
in the environmental libraries. Finally a set of publ1cations that will 
completely describe the diagnostic model, outline its· use~ and ·propose 
strategies for setting up boundary conditions will be presented this 
contract year. 

Re ional t4eteorolo ica.l·Modelin. •Je have.settled on·a variant of 
lavoie.~s model 1972, 1974 as the prototype for application along the 
Alaskan coastline. Mathematically, the model consists of a system of 
primitive equations couched in terms of horizontal velocity and inversion 
height. Computationally, major changes have been made to Lavoie's original 
formulation, most notably the choice of a more basic finite difference 
lattice which efiminated numerical noise in the solution and the problem 
of overspecification of boundary conditions. In addition,' provision had to 
be made for the marine boundary layer to actually intersect the topography 
of the high coastal mountain peaks along the south coastof Alaska. To 
date, we have had considerable experience in applying the.improved model to 
idealized geometries for the Puget Sound Basin and the Icy Bay Region. · 
During the coming year we will establish the model for lower Cook Inlet, 
Kodiak Island, and Prince .William Sound. 

Along with its versitility, the primitive equation system is also · 
rich in solutions. This feature coupled with the necessity of specifying 
·four open boundaries for a meteorogically small regional area~ makes application 
to a new area a non~trivial exercise. Numerical as well as meterological 
factors must be considered.· To this end, our task will be to provide the 
initial adaptation to all ne\'1 areas. This incfudes developing the model for 
each region until it is completely documented,so that it can be used as 
a general tool .in understanding the local meteorogical response. 

· Once the model has been calibrated for the NEGOA region, additional 
studies will be carried out \'there climatological large scale pressure patterns 
are used to drive the model. In this way small scale. wind climatologies can 
be synthesized for use in model predictions. 
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distributions that are likely to represent source terms for the trajecto~y 
studies. In addition, the model output from the studies in this research 
unit will be presented in a variety of graphical desplays· that can be readily 
adapted to the needs of any biological stu'dies which fo"llow .. 

The central component of this research plan is the general oil spill 
trajectory model. This model basically solves the distribution of variables 
equation (figure 2} using a Nonte Carlo technique~ \'/here the distributions 
are represented by a number of Lagrangian particles or elements. Their 
mov~m~nt ~nrl ~nreadino are then statistically determined in such a way 
to simulate the differential oper~tors shown in the governi~g equation. 
A test example of one form of graphics output from a simulated spill is 
shown in figure 3. · 

The distribution of variables equation has terms in it which represent 
the major processes that control the movement and spreading of a pollutant. 
These processes and the algorithms that simulate them make up the general 
components of the trajectory model and are represented· i.n figure 4. . 
Advective processes are given by the last term on the left hand side of 
'the distribution of variables equation. This includes the effects of 
oc~an currents and ·wind drift and as such i-ncorporates the output from 
both our regional meteorological studies and the diagnostic model. Diffusion 
represents spread_ing and turbulent mixing processes and uses the ana·lyses 
and modeling of .. observational data as well as algorithms derived from the.oretical 
studies. Pollutant ·reaction processes are represented by the last term in 
the distribution of variables equation and this requires data on spill 
characteristics as well as algorithms representing weathering of 
hydrocarbons. 

The general oil spill trajectory model _is a focus for all the \•tork 
being carried out in this research unit. It incorporates the output from 
each of the other models, or theoretical studies, and synthesizes the results, 
presenting them in easy to inte-rpret graphical form. In many respects this 
model acts as a communications interface·be"tween other study components 
and is an .)ntegrated response showing the advective and spreading behavior of 

a hypptheti ca l./spill • · 

VII. Proposed Program Components 

General Oil Spill Trajectory Model. The basic components of a general 
oil spill trajectory model have all been designed and many of them carried 
through to software development. This \'JOrk will continue and should be 
essentially completed in the early part of the oncoming contract year. 
Continued \'tork will concentrate on graphics and output techniques \'lhich can 
present the model results in a variety of \tays compatible with researchers 
and sponsor needs. In addition, the model will have incorporated into the 
algorithms the research that is being carried out at CEDDA to simulate spreading 
and··sediment oil interaction, as well as the results that we get from 
theoretical studies looking at oil interactions with short gravity waves . 
and \'tith Langmuir circulation. (Both of these will be discussed later as separate' 
projects). A final area that will be developed in connection with the general 
oil spill trajectory model is the use of mobil graphic techniques, that is 
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Development of an Environmental Library for the ~IEGOA Region. The 
physical design .of the oil spill trajectory model requires three discs to be 
used in conjunction with the computer: This is schematically represented in 
figure 5. The first disc is strictly.related to the computer operation and 
tells the computer what language it~s going to use and so forth. Once this 
has been designed~ it is never modified again and the model esseritially uses 
the same disc for every run. The second disc contains all of the computer· 
codes that define the model. All of the algorithms to do the graphics and 
present the re·sults as well as carry out the operations associated with oil 
movement and dispersion are on this disc. Once this disc is completed it \·Iill 
also remain unchanged f9r all model runs. The third disc contains all of 
the regional environmental information required· to run the model.· This 1>1ill 
be local in nature and each disc· will represent some specific area. Con-
ceptionall.Y:. it is thought of as a library where the model can look up . 
local information. local information \'/ill include such things as the d:igitized 
coastline·, th~ current field~ related to \'lhatever input or independent 
variables we are interested in, the wind fields: the distribution of sediment 
loads, temperatures, and whatever other independent variable information that 
the model requires. These will be put together in sets so that when ·it'is necessar. 
to run the model you can go and take qne of these discs and run the model for 
Cook Inlet, or NEGOA or Prince· 'Vlilliams Sound or wherever else you have 
an environmental library. disc already compiled. 

One of the key aims of the research this year is to compile an environmental 
library for the NEGOA region. This will be our first prototype librar-r and 
it will <;lepend on the large amount of current meter,. STD~ and \·lind data that 
we have compiled for that region. All of the other regions ·we're looking· 
into, Kodiak, Hinchinbrook,. etc., are places where we are gathering 
the pieces that will.form the basis of their environmental libraries.: The 
first test case, NEGOA:.· tlill be completed this year .. \·le can expect that any 
of. the areas we•re working in this year can have environmental 1 ibraries 
ready to run, in more or less real time, starting early the following year. 

Studies Related to. Oil r4ovement and Advection on Intermediate Scales. 
Each time. we have had· observations of ·oil in the Harine ~nvironment we 
find that spreading on a ten to hundreds of meters scale is very much more 
complex than our simple theories would suggest. In many cases the oil forms 
1 ong streamers or pancakes or thick and thin patches, and doesn 1 t come any\•there 
clo-se to the uniform distributions that a simple diffusion model would suggest. 
~le are, therefore:. 1 ooki ng into these kinds of phenomena in a number of \'lays. 
From a theoretical point of view, two studies are pro!)osed. One is to 
consider a numerical model that can simulate oil slicks and Langmuir cells 
together. Then ·we wi 1) 1 oak at the parameters \'Jhi ch contra 1 \·lhether an 
oil slick will end up. in \'lind rows (langmuir convergence· lines)~ or whether 
it can actually spread .out against··langmuir circulation. The lan!Jmuir 
study will be carried out by a National Research Council Post-Doctoral 
Researcher who \'Jill be joining the lab in Sentember. He will bring \'Jith 
him"a completed langmuir modei and his efforts will be primarily to introduce 
oil as a floatinq pollutant and study those results. 
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A second study will look at the hydrodynamic implicat-ions of h·igh wave 
attenuation associated \..Jith on slicks. In part·icular, a conunon·ly ohse\~ved 
phenomena in oil spills is the rapid attenuation of the shorter SUl~face waves 
\'Jithin the oil slick. Stewart (1976) examined the dynam·ics of two d"irnensional 
waves in an air/oil/water system under the assumption of zero tangential and 
normal stress at the oil/air interface. In that report, Dr. Stewart concluded 
that the capillary waves were the most strongly effected and that the 
important dynamical parameters were the interfacial elasticity and the 
nondimensional s~ill thickness (d ~ tu /w)~). This latter parameter· 
measures the thickness Of the 011 relative to the ~tokes depth. The 
Stoke depth determines the amount of oil. entrained by osci.llatory motions 
at the interface. The interfacial elasticity and the nondimensionai oil 
thickness combine to determine the phase velocity of logitudinal compressive 
waves at the interface much as the modul ues of elasticity and the ·1 inear 
density determine the phase velocity of longitudinal \'laves in steel beams. 
Maximum attention occurred when this phase veJocity matched the phase 
velocity of the surface wave. · 

This understanding of the dynamics of the process has been difficult 
to exploit mainly because there appears to be no way to generalize the 
problem. The interfacial elasticity will vary both in time and space 
as the surfactants are extracted from this oil by the underlying \vater)o or 
as they are advected from one spot to another \'li thin the oi 1 by weak 
higher order steady currents. Further, the spill thickness will also 
vary from spot to spot:;. rangi_ng from .001 mm to several centimeters. 

One ·approach in this situation is to ·simply _ignore the complicated 
dynamics. If we assume that an anomalously large attenuation takes place 
in a localized region 3 then it is possible to establish the nature of the 

·higher order interactions in the surface boundary 1ayer· region. Dr. 
Stewart (1976} performed such an analyses using Eulerian coordinates 
and shmoJed that the attenuation produced a large velocity shear at the 
lower edge of the surface boundary layer. Unfortunately,. because of the 
use of Eulerian coordinates~ the analyses is limited to waves having a 
height ·smaller than the Stokes depth of the water. An ·important result 
of this limitation is that it causes all terms that might lead to the advection 
of vorticity to. be discarded. Consequently, this result cannot be 
generalized to the more interesting large amplitude case. To avoid this 
small amplitude 1 imitation, we. propose to reformulate the problem in lagrangian 
coordinates~ There are three references that bear.upon the revised 
problem~ They are Pierson (1962), Unlata and Mei (1970) ·and Nilgram 
(1977}. None of these treats the enhanced attenuation problem specifically, 
although r~ilgram comes .the closest. Nor do they speak to the special 
tangential stress condition associated with the interfac-ial elasticity. 

Our approach \'lill be to derive a series of ·inner and outer solutions 
in a fashion analogous to the Eulerian approach of Dr. Stewart's previous report 
The _first order properties will be rederived in \vay of verify·ing the previous 
results. The second order kinematic problem \·till then ·be formulated and 
the boundary layer behavior examined. ' 

Both of these theoretical studies wil1 depend heavi1y on observational 
data that has been and will continue to be collected by SOR-team efforts. 
This is coordinated through the regular SOR-team planning so that obtaining 
data for both of these studies \•ti 11 be high priority items for the observati ana 1 
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In addition to the theoretical studi~s related to this intermediate 
scale advection, we are also beginning some observational analyses of 
SOR-team data to try an~ phenomena logi ~a 11 y describe v1hat is occurr-ing 
on these scales. The f1rst analyses w1ll be of the NASA overflight pictures 
that appeared in the Argo report. There Here a number of retakes at · 
various times over identifiable slick features, and these will be carefully 
analyzed to get differential water velocity straining~ shearing, convergence, 
and divergence_ fields. These, in turn, \·till be related to the time dependent 
change in the shape of the slick. This is a relatively straightforward, · 

·but time .consuming, operation of looking at the original 10'' x 10" negatives 
from the NASA flight,· and making sure that the scales and conversions are 
all carried out in a consistent manner so that one can determine actual 
oil slick movement. · · 

Extension of Bayesian Methodology to Censored Spill Volume Samp·les. 
A key function in environmental impact assessments for petroleum related 
marine activities is the estimated probability distributions for the size 
of the oil spills which might accompany the proposed activities., Typically 
we are forced· to use small data sets of uncertain reliability to estimate 
these distributions. In order to deal.logically \·tith these problems~ a 
Bayesian methodology has been developed by Stewart, Devanney and Kennedy. 
'This procedure assumes that oil spills are generated by the Gamma~ Lognormal, 
or Inverse Gamma probabi 1 ity density functions. The data is assumed to be. 
uncensored. This means that· no event is discarded because of its size. 
A Bayesian hypothesis test \'las developed by these authors \;thi ch is then used 
to assign weights to the-three possible underlying probability density 
functions. · 

A dramatic example·of the use of this technique is provided by the 
volume distributions calculated for spillage from the major U.S. tankers 
(some 235 vessels). ·Two ·classes of spills are identified. One class 
result from hull rupture. The other class encompasses all other spills 
(hose ruptures, v~lve leaks and the like). The first class is composed 
.of 53 events (in the period 1973-1975), the other class 317 events~ It 
is found using this method that the hull rupture category spill is distributed 
like the Inverse Gamma probability density function while the other category 
is lognormally distributed. · 

It is not correct to interpret these results as proof that spills are 
distributed in a Lognormal or Invers-Gammic fashion. A"Jl the test says . 
is that of the three families considered,they are or are not consistant 
with the data to the extent indicated by the weighting and relative.to 
one another. 

He propose to extend these results to samples where \·1e arbitarily 
thrm-1 out all spills beneath some threshold level. This is typically the 
case with oil spill data, because of the very large number of very small 
spills reported. The USGS, for example, only records spills over 1 BBL (42 
gallons). Alternatively, some spill data resources are composed of clippings 
fr01n:;·the popular press. Here we can be fairly confident that .most of the 
smaller spills are neglected. 
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The data source most subj~ct to substantial censoring in this fashion 
is the \'/ot·-ld\-Jide tanker spill data.· Here only the large~ catastophic events 
are reported. The technique we will implement will allow ~s to deal with 
this data in a much more consi~tent fashion than is now the case. Estimates 
\'Ji n be made for future Argo f1erchant type spills based on the historical 
data presently ~vailable. 

The techniques \'Jill also allm'l for a more consistent tt·eatment of 
USGS data than is now possible. 
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VII. Analytical Methods-NA 

IX. Anticipated Problems-no specific problems identified at this time. 

X. Deliverable Products. 

1. The completion of the general oil spill trajectory model can be 
expected this contract year i.ncluding complete documentation 
of how it works and all of the associated software. 

2. A prototype operational form of this model including the environ
mental library disc required to make it run. This prototype 
will be set up for the NEGOA area and can be used in any sort 
of interrogative form that a researcher or sponsor may be interested 
in. 

3. The continued development of communication and graphics techniques. 
~le expect to have, by the end of the contract year~ the software 
required to tran_sport model results to a variety of graphics 
terminals. Some that are portable and can be· carried around into 
a sponsor's office or to an oil spill site, or ~o another researchers 
lab. In addition, \'Je will begin developing routines , .. fo-r ·over-" 
laying model results, for summarizing the results of long model 
runs, and for development of animation techniques so we can 
watch time history developments of spills and so on. 
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4. Diagnostic and MET model results for new areas. Doth the dia~nostic 
model and the regional model \·till be exercised in new areas the. · 
comi~g year to develop appropriate advect1on fi~lds. In · . 
part1cular we \'lill be investigating them m Kod1ak) Lowel~ Cook 
Inlet, and the Hinchinbrook area. 

5. Publication and documentation for the use of the diagnostic modeL 
By.the end of the contract year, the appropriate technical reports 
and journal articles for the use o·f the. diagnost"ic model Vlill · 
be completed and the model then \'lill be available for a,ny NOAA 

. or sponsor researcher to use in any way they 1 ike. · 

6. Theoreticai work on the physical spreading and movement of oil 
on intermediate scale_s should be carded out th·is.year and doc .. 
umented in two forrris-. One form will be a technical report form· 
which explains the research that has been carried· O\lt and the 
second will be the algorithms that can be ·incorporated ·into the 
general circulation model to insure the highest possible accuracy 

. and state-of-the-art representation of these intermediate sea 1 e · 
processes. 

XI. Information required from other inve·stigators •. 

Modeling studies proposed in this work unit will require observational 
data from a number of other OCSEAP prog·rams. 

1) STD, current meter and pressure gauge data for regions where 
the diagnostic model is to be run. Recorrunendations for measure
ments in the Prince William Sound/ Hinchinbrook have been forwarded 
to the Juneau project office. Sampling plans for the Kodiak and 
Aleutian area have been discussed with PMEL PI's. 

2) Meteorological data for verification and c{}]·ibration of wind 
models \'lill be required and d.iscussions have been held with the 
PI who will be collecting the data. 

3) Heathering and spreading algorithms \'/ill be needed for incorporation 
into the general oil spill model. Some of these will be coming 

4) 

from the OCSEAP funded CEDDA contracts and regular coordination 
with this group will be carried out. 

SOR-team data is expected to be a continual ·source of information 
for model development and verification. Personnel from this 
research unit are participating on the SOR-team and making 
regular input to the decisions setting the teams tesearch 
·priorities. 

XII - XIII - XIV . NA 

XV. Management Plan 

A management plan which is an extension of that used in FY77 work will 
be maintained. See attached Milestone Chart for significant activities. 
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Technical Proposal Form 

I. Southeastern Bering Sea Circulation 
RU 141 
Contract Number: 
Proposed Dates of Contract: 1 October 1977 - 30 Septembe·r 1978 

II. Principal Investigators 

Dr. James D. Schumacher 
Dr. l. K. Coachman 

. Dr. Thomas Kinder 
l·1r. R. Cha rne 11 

III. Cost of Proposal 

Total $96,000 
Distribution of Effort by lease Area: 

IV. Background 

1. Coordination with Other RUs: 

Bristol ~ay, 55% 
St. George Basin, 45% 

Coordination will be continued with RU 435 

2. Relation to Previous Research: 

. From curre.nt' meter, pressure gauge and CTD data collected during 
FY 76 and FY 77 programs several conclusions regarding circulation have been 
made (see FY 76, FY 77 Annual Reports}. A dominant feature is .the lack of 
mean flm'l except along the shelfbre~k and during relatively short (1 to 3 days} 
pulses. The temporal and spatial distribution of such.pulses requires further 
investigation in order to' delineate their formation.· We believe there is a 
conditional response of shelf water to storm· center location. In order to ad
dress this objective, extensive analysis of available meteorological data and 
a field program designed to examine the spatial extent of such pulses will be 
undertaken. 

Periodic i.ce formation and the balance between. buoyancy and mix
ing results in a well mixed band of coastal water, and a sharply defined two
layered region semo~ard of the 50 m isobath. Further, interactions bet\veen 
the shelf water and slope waters over the shelfbreak results in den$ity inver
sions. During FY 78 ·a prime objective is to investigate processes involved . 
in creating the observed hydrographic structure by analyzing the vast quantity 
of CTD av~ilable upon completion of FY 77 field operations. Additionally, 
it is paramount to examine the density structure under ice cover. This experi~ent 
will be undertaken during February 1978. 
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v. 

(l) 
(2) 
{3) 

(4) 

{5} 

VI.. 

VII. 

Objectives: The general objective \·I ill be to pro vi de information 
leading to an improved understanding of the hydrography, circulation 
and dominant driving mechanisms in the southeastern Bering Sea. 
Specifically, these objectives are: 

To obtain and analyze current and pressure gauge records. 
To synthesize current data and i.·nVestigate meteorological forcing. 
To obtain a better understanding of the formation mechanisms and role 
in mixing of large scale density inversions. · 
To obtain a better understanding of the hydrographicstructure (e.g. 
the front separating coastal waters and the blo layered domain) 
Data will be available for modeling efforts conducted under RU 435. 

General Strategy and Approach: To obtain direct measurements that 
yield current meter, pressure gauge and CTO data to characterize 
hydrographic structure and circulation •. This \'lill be carried out 
by maintaining the program discussed in Section VII. 

Program Design: To 1 ink the 8-BOP \'torl< and OCSEAP work being done 
inN-COP (RU 541), we plan a field program of 9 instrument moor-
ings and 2 CTD surveys. We plan to deploy the instruments in Sept
ember 1977 in cooperation with RU.541. Three moorings will continue 
to monitor conditions in Bristol Bay. Three additional moorings will 
be placed between St. Lawrence Island and Nunivak Island to examine 
the region \'thich connects the study region of N-COP and B-BOP. These 
moori~gs will be retrieved in July-August 1978, and \'lill thus contain 
10-12 month long records. We plan to conduct CTD surveys both dur-
ing the deployment of the moorings in September 1977, and during 
their recovery in July-August 1978. These activities will be closely 
coordinated with concurrent deployments of moorings and CTD surveys 
in the N-COP study area (see RU 541 proposal), and the selection of 
mooring sites will be made with the requirements of RU 435 in mind. 

A combined effort betw~en RUs 541 and 141, including investigating 
the region beb1een the domains of these t\'10 contracts; is important 
because these shelf regimes may not be independent. To date, we have 
studied the regions north of St. La\'trence Island and sout~ of Nunivak 
Island separately, and we are beginning to understand some aspects of 
these flow regimes. We want to know if the two regions are independent 
of·each other or whether considering the b1o regions as a single entity 
is more fruitful. Examination of the data recovered in 1977 and the 
data from the proposed FY 78 field programs should help ans\'ler this 
questiQn. 

The 1 ocations for ·moored arrays are shown in figure 1 •. Arrays BC-3, 
BC-15, and BC-9 have been occupied previously and will provide long
term time series. Arrays BC-20 and BC-21 will be equipped with bottom 
pressure, gauges to address objective 4. Additionally, the current re
cords .obtained will pro vi de a measure of fl m'l continuity bet\-Jeen thfs 
study area and RU 54L This \'lill allow an examination of the temporal 
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and spatial distribution of flow P~1ses (see FY 75 Annual Report). 
These arrays are to be deployed in September 1977. Coincident with 
deployment/recovery operations~ CTD stations will be occupied to 
elucidate \'later mass distributions and vertical structure. In parti
cular, the northwestward extension of the front beb1een the tHo-1 ayered 
shelf \'later and \'Jell mixed coastal \·tater \'till be examined. 

During early February 1978~ CTD· operations \•till be conducted using 
helicopter support· and through-the-ice techniques. Approximately 
25 stations will be occupied along sections 1-5 (see Figure 1). 
These CTD data will provide an initial determination· of vertical 
structure under ice conditiQns. Concomitant with helicopter opera
tions, shipboard CTD will be collected along the ice edge and 
throughout the ·interaction region where density inversions have 
been observed. This experiment will investigate the temporal . 
character of an inversion and attempt to more clearly define the 
spatial extent of such features. 

At this time, \'le do not plan to use surface drift cards in Unimak 
Pass and surrounding areas until similar activities around Kodiak 
Island (RU 138} have been evaluated. Upon completion of such 
evaluation we may apply an appropriate program in the Bristol Bay 
area. 

VIII. Analytical Procedures 

N/A 

IX. Anticipated Problems: CTD helicopter operations are dependent on ice 
conditions and weather, thus both investigators and the Project 
Office must be flexible and modify plans as conditions dictate 

X. Products: 

1. Digital Data: 

A. Current meter, pressure gauge and CTD dat~acquired will be digi
tized in accordance with existing procedures in formats defined by the OCSEAP 
data base in NODC. Formats are 022, 017, 015. 

B. See attached Data Products Schedule. 

C. Narrative Report~: Reports \'lill discuss relationships bebteen 
currents,. sea 1 evel and meteorological conditions inferred 'from acquired data .. 
Additional CTD observations and data of opportunity, as availables \'till be 
analyzed for new information on processes of mixing and transport of deep 
Bering Sea water onto the shelf. Reports will also include documentation of 
experimental design and methods of analysis. 
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Data Products Schedule 

Type Media Estimated Processing and 
Intertidal, . {Cards , cod- Volume OCSEAP Formating done Collection 
li c Organisms, ing sheets, (Volume of Format by PI Period Submission 
I tapes, disks) processed data) (If known) (Yes or No) (Month/Year. to ~ionth/Year) (ft,onth/Year) 

?nt meter Tape 66 mon.ths File type 015 Yes 9/77 to 7/78 10/78 

Tape 25 stations II II 017 II 3/78 6/78 

Tape 200 stations II II II II 7/78 10/78 

----·-.----



D. Visual Data: Currents, pressures, and meteorological data \-till 
be graphically displayed in the Narrative reports, including: 

Appropriately filtered time plots of tidal and non-tidal currents. 

Charts of progressive vector diagrams. 

Stick diagrams of currents, together with winds and pressure varia
tions. 

Charts showing hydrographic properties and locations of water mass mix-. ' 1ng areas. 

Data Submission Schedule: See Data Products Schedule 

XI. Information Required from Other Inves~igators: 

Close coordination will be carried out with 0. Hansen (AQr,lL) and 
J. Leendertse (RU 435). Additionally, satellite~photographs of ice 
distribution will be required from Or. T. Royer, UA. 

XII. Quality Assurance Plans: 

All equipment is and \'lill continue to be calibrated at NWRCC as per 
OCSEAP requirements already established. 

XIII. Special Sample and Voucher Specimen Archival Plan 

N/A 

XIV. Logistics Requirements: 

A. Ship Support 

1. See Figure 1. 

2. Operations at moored array sites will consist of deployment/recovery. 
Array design vlill be similar to that presently used. Additionally, 
approximately 300 CTD ·stations will be occupied. The exact positions 
will be furnished for Project Instructions. 

3. ·Optimum chronology of observations is given in TABLE 1. Departures 
from these tirr.es on the order of one week would be acceptable. 

4. See TABLE I. 

5. All investigations are principal for the operation. All mooring 
operations require daylight. A deployment requires about 1 hour; as. 
does a recovery. CTD work may be undertaken anytime, typical on sta
tion time is 15-20 minutes. 
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6. Standard electronics test equipment CTD system~ 7-track digital re
corder; salinometer Nansen bottles, reversing thermometers, Survey 
Technicians and deck cre~.,r {for array deployments). 

7. Anchors vlill be railroad \'/heel configurations (about 2,500 lbs.}. 
Subsurface floating will be either 28 or 41 inch spheres.· 

8. No 

9. No 

10. Yes. NOAA 

ll. .N/A 

12: A. Two people. Participants have not been designated yet. 

B. AIRCRAFT SUPPORT - FIXED \HNG N/A 

C. AIRCRAFT SUPPORT - HELICOPTER 

1. See Figure 2 

2. CTD observation through ice. 

3. Operations totally dependent on ice cover. It seems that. 
later February waul d afford the highest probability of 
success. 

4. 14 days (7 actual flying days) 

5. T\'10 

6. Portable CTO equipment presently being designed and constructed, 
final weight is planned to be about 500 lbs. 

7. UHIH 

8. NOAA. Trrese helicopters have been used for similar operations 
in RU 141 E. 

9. N/A 

10. Nunivak Island, Cape Ne\venham 

11. No 

XV. Management Plan: 

Pis will maintain a plan which is an extension of that used in FY 76/77 
programs. Additionally, ·R. Charnell \'/ill be designated as OCSEAP Program Nan
ager for PHEL and wi 11 be the focus for management. See attached ~til estone 
Chart. 
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LEG Date 

I Late February 78 

II Hid July 78 

TABLE I 

Logistics Requirements 

12 

22 

573 

Operation 

Occupy about 100 CTD stations 
near ice edge and in the density 
inversion region 

Occupy approximately 200 CTD 
stations and recovery all arrays 
in RU 141 and RU 541 



XVI. Outlook: 

Assuming that the FY 78 proposal is successfully completed, the 
bulk of data collected during this contract_year will be in hand only at 
the end o7 the project. Thus, analysis of FY 78 results \'lill require 
a minimum of one year. Further, field operations at level similar to FY 
78 may be required to elucidate such fe~tu~es as (l) circul~tion in the 
Unimak Pass region (2) seasonal characteristics of the front bet\'/een the 
well mixed coastal water and the two layered waters and (3) circulation 
along the shelf break. 
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l~JOR MILESTONES 

--------
-~- ---------- -------------- --- ---· 

RU f/: 141 ---------------- PI: --~J~·-S~c~h~um~a~ch~e~r ____________________ _ 
. 

Hajor .1-Hlestones: Reporting, data ml1nngcmcnt und other sign1'fic~nt 
contractual requirements; periods of field ~10rk; worl~shops; etc. 

r-)~l1_ 1.97~- _ I 
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Through ice CTD. helicopter operations ~ 

CTD Cruise LEG I ( in conuunction w/above ops.) 

FY 78 Annual Report .,-·--·r- -~-- --~ rr-1 
Submit CTD data from helicopter/LEG I ope.rations · · L~- I ! 

LEG II cruise: CTDs/moored array recovery -rr-:-·-n ' '- H1
-· '--~~ 

.Jrd Quarter Report llT-->-+-~L~t-c-lT-U 
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1 

~~ II l i ~ 
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XVII. l. Updated Activity/r-!ilestone/Data Nanagement Charts \·sill be sub
mitted quarterlyo 

2. Quarterly reports \•till be submitted in sufficiern: time during the 
contract year to be in OCSEAP hands by the fi~st day of January, 
July~ and October, annual reports by April lo The Final Report 
will be submitted \'lithin 90 days of the termination of the con
tract. 

3. Where biota are concerned, all species and higher categories will 
be represented by the voucher specimens that vJ.ill be preserved:. 
label1ed~ held, and shipped to an official OCSEAP~designated 
repository in conformity~ith OCSEAP ~oucher specimen policy. 
Voucherin.g \'lill include life history stages (e.g., larvae, 
juveniles::. adults) \·then these are used, and sexes \'lhere these 
are rr~rphologically distinguishable. 

4. At the option of the Project Office the PI is prepared to travel 
to the Project Office at ·least b1ice during the contract year 
to review project status and progresso 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 ce provided in the form ·and format specified by OCSEAP, 
accompanied by a data documentation form (NOAA 24-13). 

6h Data t'lill 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 requirements (see para. 2). 

7e 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 Nanagero · 

B. Title for all property ·purchased \'lith OCSEAP funds remains Hith 
the· S. Government pending disposition at contract termination. 

9. Three {3) copies 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 for information and 
for fon~arding to Btr-1. The release of such material \·lithin a 
period of less than sixty (60) days shall be made only with prior 
written consent of the Project Office. Ne~-1s releases \'li11 first 
be cleared with the appropriate Project Office. 
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10. All publications and presentations of material developed under 
OCSEAP funds \'lill acknm·1l edge BLN/OCSEAP sponsorship. The· 
followin~ acknowledgment is standard. 

"This study was supported by the Bureau o.f land 
Nanagement through·· interagenc;:y agreement with the 
National Oceanic and Atmospheric Administration, 
under which amulti-year program responding to 
n~eds of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental 
Shelf Environmental Assessment Program (OCSEAP Office. 11 

11,. Cost Proposal (See attached form) 

Other information 

a) The principal investigators and PNEL have had considerable experi
ence in Alaskan Oceanographic investigations. In particular, the 
same team of individuals that designed and carried out the first 
b1o years field effort for OCSEAP will continue the program for 
FY 77. 

b) The principal investigatQr shall actively Jead and supervise the 
proposed work and shall take full responsibility for timely com
pletion of all tasks described herein. 

c) The persons, other than Pis~ who will take an active part in the 
programs are: 

D. Pashinski, PMEL 
C. Pearson, NOS 
G. Krancus, NOS 
R. Sillcox, NOS 
S. Raaum, NOS 
J. Haslett, PMEL 
R. Charnell, PMEL 
H. Nofjel d, PMEL 
R. Tripp, UW 

Persons authorized to conduct negotiations are: 

PNEL - J. R. Apel (FTS 399-4079) 
R. L. ·Charnell (FTS 399-1960} 

577 



• • • o'o ~~-

I 

I 
'f 

\I:;) 

\ 

\ 

I 
I 

~ 
/ 

/ 

---- · Border of study region 

• Current meter moorings 
1 CTD stations through icc. 

Figure 1. Field operations proposed for FY 78 



I 

I 
I 
i 

I 
I 

l 
! 

I 
Date: 

I To 

j 
! From: 

I Subj: 

RFx41-549-915 

U.S. DEPAHTMENT OF COMMERCE 
f\Jational Oceanic and Atmospheric Administration 
E;'J '/l_i=lON ME i-JT A_L _Fl_ES EA~CI-LU:.,B,9RAT~~~.~S 
. • . -- . -··- ....... 1 r:.n .•. cnm_r.,al 

L:-:<;;-'\~1. /c!.::d>(:J 9?302 
PH: g::n-sss-7:·;32 · 

............. , - . -.---; 
f.·._. . . ~ ....... · i 

_c::~ - .. 

Acceptance of Proposal for R.U. 549 (PHEL) and R.U. i4l.(Universi~Y' · 
of Washington). 

The Proposal, 11 Bristol Bay Oceanographic Process .. by Dr. Larry Coachman 
of University of Hashington and Dr. James Schumacher of PMEL has been 
reviewed by the Juneau Project Office. It is recommended that it be 
accepted at the funding levels of $94,900 for R.U. 141 and $156,000 for 
R.U. 549. According to the attached letteri amending the original 
proposal to meet the new budget figures, there will be some reduction in 
data analysis and field work made necessary by the budget cut. 

It is requested that the contracting office proceed with details of a 
contract with the University of Washington and that PMEL be notified of 
their funding for FY 78. 
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
§,~[gf~2!'l~E~J-6\J- ~~~~~~~'2~~£mRroRY . 

oate: October 5, 1977 
3711 - 15t:M Avenwe Northee>st 
Sl9att:le . . \rV :~shirlg-t.::ln 98105 

To: Herbert E. Bruce, Director, OCSEAP Project Office. Juneau 

\~ 
Frcm: Robert Charne11, PMEL OCSEAP Coordi.nator 

Subiact:! RU Nl, FY 78, Proposal Revision No. 2 

The delay in responding to your August 19, 1977 letter requesting 
additional proposal revision is due to your letter never having been 
received by any principal investigator either at the University of 
Washington or here at PMEL; at my request your. office kindly provided 
a Telefax copy yesterday. This delay should not be construed as a· 
lack of interest in our participation in this program. We want to 
assure you that researchers, both at PMEL and UW, are enthusastic 
about continuing our investigation of Bristol Bay. 

It is unfortunate that emphasis in the OCSEAP program is to be directed 
away from Bristol Bay. We have been successful in collecting a valuable 
data set and an interesting picture of physical oceanography is beginning 
·to emerge. However, we accept your judgement and agree to continue our 
work in this area at a reduced level. It is my understanding, from con
versations with Mauri Pelto, that the ne~ budget of $252.0K is to be 
distributed between the University and PMEL as follows: . . . 

R U 141 (U. of Washington} 
RU 549 (PMEL} 

$96.0 K 
$156.0 K 

This represents a large redu:tion in our proposed effort for FY 78. As· 
you suggest, the most logical way to attain the new funding level is to 
reduce the field effort. With each year of this project, a greater por
tion of support monies has gone into analysis of data previously collected 
with a subsequent reduction in support for field activities. A major 
portion of field activities for FY 78 was begun with deployments during 
FY 77 and must be continued with their recovery. Analysis of data call ected 
in a field program next summer would not be done until the following fiscal 
year and hence is not a significant portion of this year's proposed budget. 
It was proposed that field work in Bristol Bay be combined with field work 
for N-COP; thus only one cruise can be dropped to help reduce field costs 
in Bristol Bay. These facts suggest that the proposed cost reductions 
cannot be met solely by a reduction of remaining field effort. Consequently, 
we will have to reduce the rate of data analysis during the coming year 
and hope to make up for this .loss during the subsequent year. This. probably 
means no field work in Bristol Bay during FY 79 so that we may have the 
time to complete analysis and prepare the appropriate reports. · 

.!'8111!1P.'-1 
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The reduced funding 1 evel .-will severely 1 imit our field work flexibility 
and means that we will be unable to· support Dr. Leendertse's program 
with deployments during next summer. This is unfortunate; I hope you 
will be able to support his program with separate funding negotiated 
during the year. 

In·summary, PMEL and the University of Washington agree to continue 
physical oceanography research work in Bristol Bay at a revised level 
of $252.0K. This funding reduction is achieved by: · 

1) reducing field work during summer 1978 (including cancellation of 
the September Discoverer cruise) . . · . 

2) lowering the rate of data analysis . . 
3) eliminating field support for Dr. Leendertse's program· 
Both PMEL and UW agree to these revisions; you will receive a separate 
letter from the University after it has gotten the necessary approvals. 

I want to reiterate the interest of our research team in continuing 
activities in Bristol Bay .. · I hope this revised program meets with 
your apprQval and that our delay in responding to your letter has not . 
jeopardized our relationship. I expect you share my interest in com- • 
pleting negotiations on this contract as speedily as possible. 

cc: LK Coachman 
JD Schumacher 
JR Apel 

.. 
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Department of Oceanography 
Cablr Address: UNif·:4DO 

Dr. Herbert Bruce 
OCSEAP 

UNIVERSITY OF \VASHINGTON 
SEATTLE, WASHINGTON 98195 

Bering Sea-Gulf of Alaska Project Office· 
P.O. Box 1808 
Juneau, Alaska 99802 

Ref: RU 141 

Dear Dr. Bruce: 

5 October 1977 

The delay in responding to your letter of August 19, 1977 is a result 
of never having received the mentioned letter. We are extremely interested 
in continuing our investigation of the Bristol Bay region. 

We accept the fact that there are other priorities which necessitate a 
cut in funding of the Bristol Bay Oceanographic Program. However, this 
represents a reduction to our proposed effort for FY.78. The proposed cost 
reductions will have to be met as follows: 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

I. 

1. Eliminate the September 1978 DiscovePeP cruise, 
2. Reducing level of effort towards data analysis, 
3. Eliminating field support for Dr. Leendertse's program, and 
4. Curtail program to provide plots of CTD data in form of data 

reports, which Mauri Pelto and I thought very useful to other 
investigators. · · 

I have outlined the $26,600 reduction in funding as follows: 

Original Proposal To be Allotted 

Salaries 29,611 22,463.20 

Benefits 5,067 3,573 

Supplies 18,300 15,800 

Equipment . 2,500 1,250 

Travel 8,600 5,900 

Computer 9,000 4,000 

Other Direct Costs 34,380 . 30,232.80 

Total Direct Costs 107,458 83,219 

Indirect Costs 14,042 11,681 

TOTAL 121,500 94,900 
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Dr. Herbert Bruce 
5 October 1977 
Page 2 

· The reductions were derived 

A. Salaries 

B. Benefits 

c. Supplies 

D. Equipment 

E. Travel 

F. Computer 

G. · Other Direct Costs 

H. Total Direct Costs 

I. Indirect Costs 

as follows: 

Reduction 

7,147.80 ·Man months: 0.5 LKC(P.I.); 
3.0 Oceanographer; 1.0 RBT 

1,494 

·2,500 

1,250 

Calibration of instrumentation 
was deleted 

2,700 31% of travel associated with 
field program 

5,000 ,56% of analysis of data deleted 

4,147.20 57% of freight budget plus one 
man-month of programmer and 1.5 
man-month of technician deleted 

24,239 

3, 717 Since our total direct costs now 
drop below lOOK we now pay a higher 
rate while we are in the field. 
Hence, we now have to pay an 
additional $1,356 in this ''category 

A cut of 26.6K is a 22% reduction from the original proposal. However, when 
you look at the reduction in terms of man-months (which is the only way one can 
eliminate that kind of money), the effect· is as follows: 

A total of 21 man-months (5 man-months in the field) were proposed to accomplish. 
the project. I have eliminated 7 man-months (5 analysis; 2 field work) which is 
in essence a 33% reduction in effort. 

We agree with PMEL to continue a physical oceanography program in Bristol 
Bay at this reduced level will attempt to provide the highest level of effort in 
accomplishing this program. 
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Professor and 
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TITLE: Transport Mechanisms and Hydrocarbon Adsorption Properties of 
Suspended Matter in Lower Cook Inlet 

RESEARCH UNIT: 152 

PRINCIPAL INVESTIGATORS: Dr. Richard A. Feely and Dr. Joel D. Cline 

COST: $139. 9K 

WORK PERIOD: October 1, 1977 through September 30, 1977 

INSTITUTION: Pacific Marine Environmental Laboratory 
3711 15th Avenue N.E. 
Seattle, Washington 98105 

DATE OF PROPOSAL: October 21, 1977 

ENDORSEMENTS: 

. Principal Investigators 

11/'f/11 
Date 

Director, PMEL 
Date 
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TECHNICAL PROPOSAL 

I. Title: Transport Mechanisms and Hydrocarbon Adsorption Properties 
of Suspended Matter in Lower Cook Inlet 

Research Unit Number: 152 

Proposed Dates of Contract: October 1, 1977 through September 30, 1978 

II. Principal Investigators: Dr. Richard A. Feely 
Dr. Joel D. Cline 

III. Cost of Proposal: $131,500 
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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 waters. Of particular concern are the major 

accidents which cause massive oil spills, such as the ARGO 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 physi- · 

cal processes, including evaporation, solution, emulsification, and injection 

into the atmosphere {Kreider, 1971; McAuliffe, 1966, 1969; Baier, 1970}. With 

respect to the. oceanic environment, only the solution and emulsification pro- , 

cesses 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 

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 
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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 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). 

Once oil is adsorbed tci suspended particles, it can easily be injested by 

marine organisms, particularly by detrital feeders. Following the spill of the 

ARGO MERCHANT, oil particles were observed in some species of zooplankton and on 

the surfaces of Pollock eggs (NOAA Special Report, 1977). After the breakup of 

the oil tanker ARROW in Chedabueto Bay, Conover (1971) determined that zooplank

ton could assimilate up to 20 percent of- the oil particles less than 1 mm in 

diameter and ·sed-iment them as fecal matter. Since fecal matter is an important 

food source for other ma~ine organisms, oil transmitted to the sea floor in this 

form becomes an important mechanism by which benthic detrital feeders may be im

pacted by oil. Many of these species, including shrimp, clams, oysters, and 

crabs, are economically important renewable resources in Lower Cook Inlet. 

After oil is sedimented on the bottom, it is usually degraded by microbial 

activity. However, in many cases this process is very slow and depending upon 

the bottom circulation oil contaminated sediments may persist for a considerable 

amount of time. For example, Blumer and Sass (1972) have documented benthic 

~hanges that have resulted from the Buzzards Bay oil spill in 1969. They show 

that fuel oil was retained in the sediments for at least 2 years and seriously 

retarded the recruitment rate of organisms into the infected area. 

In more active bottom environments oil contaminated sediments may be resus

pended into the water column by the actions of waves and storm surges and may 
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reinfect the water column. For example, the preliminary report of the ARGO 

MERCHANT oil spill indicates that oil contaminated sediments southwest of the 

grounding point were probably the result of resuspension and transportation of 

contaminated sediments by the area 1 s southwesterly bottom sediments {NOAA 

Special Report, 1977). Thus, the persistence of oil in the sediments and its 

·resuspension into the overlying water column may seriously affect not only the 

recruitment rate of organisms into an infected area, .but also the feeding and 

reproductive behavior of planktonic organisms {Wilson, 1975). 

For the past 2 years we have been conducting integrated studies of the 

distribution, composition, transport and adsorptive properties of suspended' 

matter from Lower Cook Inlet and the Gulf of Alaska. While detailed descrip

tions of the results of these studies are not appropriate for the present dis

cussion, brief summaries of the most significant findings which are relevant 

to the discussion of processes occurring in Lower Cook Inlet are listed below. 

1. Cook Inlet is characterized. by unusually high horizontally suspended 

matter gradients (Figure 1). On the eastern side, the inflowing Gulf of Alaska 

water, which has been traced as far north as Kalgin Island, has suspended matter 

concentrations ranging between 0.5-5.0 mg/t. On the western side, the outflow

ing turbid water, which contains mechanically abraded rock debris from Upper 

Cook Inlet and has particulate concentrations ranging from 5.0 to 200 mg/t, is 

transported past Augustine Island to Kamishak Bay, where a portion of the sus

pended material settles out and the remaining material is transported around 

Cape Douglas into Shelikof Strait and is dispersed. Because of the high sus

pended loads and the relatively sluggish water circulation in Kachemak and 

Kamishak Bays, these embayments may be expected to be the major receptors of 

contaminated sediments. 

588 



Dl STRI BUT ION OF TOTAL 
SUSPENDED MATTER 
AT THE SURFACE 
4 APRIL- 16 APRIL. 1977 

~ 

00 
~ 
D 

' 

KATMAI' 

/

:BAY 

. 
. 

. 

:· 

. 

7 

~~ 

• 

0 

• 
• I}• .~BARREN 

• IS. 

~ I 
KILOMETERS 

100 
d 

Figure 1 . Distribution of total suspended matter at the surface in 
Lower Cook Inlet ·and She1ikof Str~it (Cruise RP~4-Di-77A
IV, 4-16 April 1977). 
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2. Time-series studies of the concentrations and composition of suspended 

matter near the bottom in the Gulf of Alaska and Lower Cook I~let show evidence 

for resuspension and redistribution of the fine grain 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 dis

persed contaminated sediments may be concentrated in areas of active sedimen

tation by the interactions between tidal and storm-induced bottom currents and 

surficial sediments. 

3. Preliminary studies on the adsorption of Cook Inlet crude oil by sus

pended matter from Lower Cook Inlet show that a maximum of approximately 400 mg 

of on per gram of suspended matter may be vertically transported through the 

water column. 

These findings clearly show that suspended matter could play an important 

role 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 pre

dicted. Specifically, at present there is no quantitative information about 

the physical processes and mechanisms controlling the accommodation of oil at 

the ocean surface by suspended particles or the resolubilization of particle

associated oil in uncontaminated seawater. In addition, there are no quantita

tive estimates of the vertical fluxes of suspended matter in the regJons of 

active sedimentation, i.e., Kachemak and Kamishak Bays. ·Accordingly, we pro

pose to conduct integrated field and laboratory experiments which will quanti

tatively delineate these important transport mechanisms for petroleum 

hydrocarbons in Lower Cook Inlet. The general strategy and objectives of 

the field and laboratory experiments will be bri.efly described below. 
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A. Field Experiments 

As part of the suspended matter field program for FY 78, we will conduct an 

integrated study of the seasonal variability of the vertical fluxes, distribu-

tion, and composition of suspended particulate matter at selected locations 

between Kachemak and Kamishak Bays by deploying a number of sediment traps and one 

nephelometer on some of the proposed current meter moorings (Hayes, Schumacher, 

and Muench, RU #138). The sediment traps will be used to determine the verti-.. 
cal fluxes and composition of the suspended matter. The data from the nephe

lometer will be used to determine the in-situ variability of suspended matter 

concentration whi~h occurs as a result of local variations in water circulation. 

The moorings that contain the sediment traps and nephelometer will be placed in 

three locations between Kachemak and Kamishak Bays (Figure 2). Mooring C11, 

located in Kachemak Bay, will consist of a nephelometer, one Aanderaa ~urrent 

meter, and two sediment traps. The other two moorings, C1 and C4, will contain 

two Aanderaa current meters and two sediment traps. The current meters will be 

deployed and recovered, and the data will be analyzed under the direction of 

the physical oceanographers. We will be responsible for the deployment and 

' recovery of the sediment traps and the nephelometer. Our objectives for this 

port1on of the suspended matter studies include: 

1. Determine the vertical fluxes of suspended matter in areas of high 

sedimentation. 

2. Determine the correlation between high frequency velocity fluctua-

tions and temporal variations in suspended matter concentrations. 

3. Determine the elemental composition of the settled material within 

the traps. 

This portion of the field studies will be closely coordinated with the 

geologists from the USGS in Menlo Park (Drs. Drake and Cacchione, RU #430). 
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moorings in Lower Cook Inlet. 
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Tentatively, we plan to have the bottom tripods placed in proximity to the 

current meter-sediment trap moorings. In this way variations in suspended matter 

concentrations and vertical transport can be directly related to temporal changes 

in water circulation and sediment transport. 

The second part of the field program will consist of a cooperative study of 

the partitioning of certain trace element species among their major reservoirs 

at two locations in Lower Cook Inlet, Kachemak Bay and Trading Bay. In coopera

tion with Drs. D. Robertson {RU #506) and D. Burrell {RU #162) selected samples 

of water, suspended matter, biota, and sediments will be analyzed for total and 

extractable trace metals. Our group will be responsible for the analysis of 

total and extractable Al, Fe, Mn, Cr. Cu, Pb, Ni. and Zn in the suspended mate

rial. The objectives of this cooperative study will be twofold: (1) determine 

whether or not high primary production in Kachemak Bay causes seasonal varia

tions in the trace element content of water, suspended matter and biota; and 

(2) determine whether or not present oil production activities in Upper Cook 

Inlet contributes significantly to the metal content in Lower Cook Inlet. 

These cooperative studies will be implemented on two cr~ises, a spring 

cruise (early May) during the period when primary productio~ in Kachemak Bay 

is relatively high (Larrance, 1977). and a summer cruise (middle of August) 

during the period when suspended sediment discharge from Upper Cook Inlet is 

near its maximum (Sharma et al., 1974). At each of the two sampling locations 

water samples from two depths, surface and 5 m above the bottom, will be col

lected and filtered for particulate matter every 12 hours for a 48-hour period. 

In this manner we will obtain seasonal data on the concentrations of trace ele

ments in suspended matter which are normalized for diurnal and tidal variations. 

In addition to the field experiments described above, we will provide sup

portive data for the chemists involved in the analysis of hydrocarbons associated 
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with suspended matter in Uppef Cook Inlet (RU #153). The supportive data 

includes the following: 

a. CTD-nephelometer profiles. 

b. Total suspended matter determinations. 

c. Al, Si, C, and N analyses of suspended matter entering and 
leaving the centrifuge. 

These data will be supplied to the principal investigator, Dr. Cline, for his 
~ 

use in preparing reports to the OCSEA program office. 

B. Laboratory Studies on Suspended Matter
Petroleum Hydrocarbon Interactions 

We propose to continue and expand the investigations of the adsorptive 

characteristics of Cook Inlet suspended matter relative to Cook Inlet crude 

oil. These studies are now progressing smoothly and reveal that suspended 

matter in the concentration range of 100 mg/~ will flocculate large quantities 

of oil. Under laboratory conditions simulating the natural environment, sus-

pended matter has been found to agglutinate up to 30 percent its weight in 

crude oil, when the concentration of oil was varied from 10 to 150 mg/~. To 

continue this program, relatively large quantities of suspended matter have 

been extracted from the near-surface waters of Cook Inlet with the aid of a 

continuous flow centrifuge. The suspended matter has been analyzed for its 

chemical composition, size, distribution, and morphology. 

Crude oil obtained from the Auke Bay laboratory will be combined with 

suspended matter in natural seawater under simulated laboratory conditions. 

The environmental parameters of int~test include salinity, temperature, and 

dissolved organic carbon. These parameters will be systematically varied in 

accordance with the seasonal ambient conditions observed in LCI. Salinity 

and temperature will be varied between 0 and 30 °/oo and 0° and 20°C, 
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respectively, with emphasis on·the adsorptive capacity at 30 °/oo and 10°C. 

The adsorptive behavior of Cook Inlet suspended matter will be investigated 

in normal seawater from which the DOC has been removed. 

The waters of Uppe-r Cook Inlet are characterized by high concentration 

of suspended matter (> 100 mg/t) and the present experiments serve to elucidate 

the capacity of sediments at these concentrations to accommodate oil. An 

· attempt will be made this year to extend the experiments to lower concentrations 

of suspended matter (approx. 10 mg/t) to evaluate a lower threshold of oil agglu

tinization. In all experiments, the concentration of oil is varied in accord. 

with the suspended load concentrations. The weight ratio of oil to sediment 

spans the range of 0.2 to approximately 2. However, the quantities of oil are 

systematically increased until no additional oil is flocculated and sedimented. 

This serves to assess the loading characteristics of the sediment.under opti

mum mixing conditions. 

The quantity of oil retained under simulated environmenta1 conditions will 

b~ determined gravimetrically.· Weights of oil extracted from sediments and the 

residual seawater are measured on a.Cahn electrobalance. Compositional frac

tions of the adsorbed petroleum will be characterized by gas chromatography 

(glass capillary) and UV-fluorescence spectroscopy and compared to a similar 

analysis of Cook Inlet crude oil. Compositional fractionation of the oil dur

ing adsorption to suspended matter will be evaluated by classes of compounds 

. (paraffins, 2, 3, 4, and 5 ring aromatics) with several representative marker 

compounds from the aliphatic and aromatic fractions identified for special dis

cussion. 

Two additional studies will be initiated in FY 78. First, in order to 

investigate the resolubilization of oil from suspended matter, separate aliquots 

of oil-contaminated particles will be introduced into clean, filtered sea~ater 
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and the resulting aqueo~s phasQ extracted for petroleum hydrocarbons as outlined 

below. In this manner, realistic estimates of resolubilization rates resulting 

from dispersal of oil contaminated particulates may be determined. 

In an extension of the present study, the physical interaction between 

suspended matter and a surface oil slick will be investigated in a small tank. 

The oil will be allowed to evaporate during the experiment. Filtered seawater 

containing known amounts of suspended material will be placed in a thermostated 

reservoir to which oil has been added. The interaction between the suspended 

matter and the surface oil slick will be monitore~ over time to assess the 

significance of competitive weathering. Also, by adding the sediment to the 

tank after the oil has weathered for a period of time (to be determined}, the 

affinity of weathered oil for sediment particles may be assessed. Suspended 

matter will be removed from the tank at appropriate times and analyzed for its 

agglutinated hydrocarbons. Microscopic techniques will be employed to describe 

the nature of the sediment-oil floes. 

Utilizing these techniques, and others, it will be possible to provide a 

more complete physio-chemical description of the interactions between oil and 

particles under natural conditions, opening the door for more meaningful model

ing efforts on the fate of spilt oil. 

VII. SAMPLING METHODS 

Immediately prior to the deployment of the·current meter-sediment trap 

moorings, the distribution of temperature, salinity, and suspended loads will 

be determined using a CTD-nephelometer-rosette system. Water samples will be 

collected in 10-liter PVC Model 1070 Drop-Top NiskinR bottles and filtered 

· through preweighed 47 mm 0.4 ~m Nuclepore filters. The filters will ·be washed 

with three 10 mt aliquots of deionized filtered water, dried in a desiccator, 
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stored in plastic petri dishes~ and frozen to reduce bacterial activity. At 

the laboratory the filters will be reweighed on a seven-place Cahn Electro

balance. 

The sediment traps are designed after those described by Gardner (1977) 

with some slight modifications. Figure 3 shows an exploded isometric view of 

the sediment trap. The basic design consists of a PVC cylinder (diameter = 

152 mm; length = 475 mm) equipped with the following: a guillotine-type 

clos.ing lid to maintain sample integrity during retrieval operations; a self

contained presettable timer to actuate lid closure; a PVC side chamber contain-

ing reagent grade sodium azide which slowly diffuses through a membrane into 

the trap to reduce bacterial activity; and a grid (mesh size = 12 mm) mounted 

at the mouth of the trap to prevent large organisms from entering the trap and 

for reducing turbulence at the mou~h. The sediment traps will be positioned 

side by side on the mooring approximately 7-10 meters above the sea floor. 

They will be deployed for two 90-day periods, October-December 1977 and May

July 1978. 

The· samples from the sediment traps will be filtered onto 142 mm 0.4 llm 

Nuclepor~filters and dried, stored in plastic petri dishes, and returned to 

the laboratory following the same procedures as for the 47 mm filters. For 

the hydrocarbon adsorption studies, seawater from Lower Cook Inlet will be 

filtered through 142 mm 0.4 llm Nuclepor~filters stored in 13 gal. plastic 

carboys and returned to the laboratory. 

VIII. ANALYTICAL METHODS 

The trace (Cr, Al, Mn, Fe, Cu, Ni, Zn, and Pb) element chemistry of the 

particulate matter will be determined by x-ray fluorescence. This technique 
\ 

has been used successfully :for the determination of the elemental composition 
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Exploded isometric design of the PMEL sediment trap. 
The major components of the sediment trap consists 
of the following: a. plastic grid for preventing large 
organisms from entering the trap; b. guillotine-type 
closing lid; c. sodium azide diffusion chamber; d. clamping 
brackets; e. presettable timer; and f. timer brackets. 
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of the particulate matter coastal and deep water environments and the techniques 

are well established (Cann and Winter, 1971; Baker and Piper, 1976). We ·will be 

using USGS and NBS standard reference materials for our calibrations. 

Particulate carbon and nitrogen will be analyzed by the micro-Dumas combus

. tion method, employing a Hewlett Packard 185B c~H-N analyzer (Sharp, 1974). 

Particulate matter will be removed from 1-liter volumes by vacuum filtration and 

the carbon and nitrogen combusted to C0 2 and N2 • After separation by standard 

gas-solid chromatography, the gases are quantitatively determined by thermal 

conductivity. Standardization will be effected with acetanilide (Sharp, 1974). 

Solutions resulting from chemical extraction of suspended matter samples will 

be analyzed by flameless atomic absorption following the techniques outlined by 

Feely (1975). 

The hydrocarbon adsorption experiment will be conducted in 1-liter separa

tory funnels to which has been added various quantities of suspended matter 

(10 to 200 mg/~) and Cook Inlet crude oil. The mixtures are shaken gently at 

preselected temperatures (0, 10, 20°C) for a period of 1 hour, then allowed to 

stand for 2 hours, during which time the oil floes settle to the bottom of the 

separatory funnel. The sediment-oil floes are removed from the funnel with a 

small pasteur pipet and extracted with methylene chloride. The sediment is 

separated from the associated seawater and methylene chloride by filtration 

through a 0.4 pm Selas silver filter. The amount of material remaining after 

removal of hydrocarbons will be determined gravimetrically and compared to the 

original starting material. The tare of the residual particulate matter will 

be used as the adsorbed hydrocarbon reference weight. Hydrocarbons extracted 

from the sediment are transferred into hexane and reduced to 2 m~ volumes. 

The quantities of oil are determined gravimetrically on a small aliquot of 

the extract. 
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Dissolved and emulsified oil remaining in the water is back-ext~acted with 

methylene chloride to effect recovery of nonassociated oil. Corrections are 

also made for the extractable organics obtained from both the added sediments 

and the seawater. 

The analysis of the various hydrocarbon extracts will focus on the heavier 

hydrocarbon fractions, including paraffins (C 12-C 32 ) and aromatics, including 

the polycyclic aromatics through 5 ring compounds. The paraffins will be 

analyzed by GC techniques according to the methods outlined by Macleod et al. 

(1976). 

Individual paraffins will be identified and quantified on selected sam

ples by glass capillary gas chromatography, after separation from the aromatic 

fraction by silica gel liquid chromatography. Similar treatment will be 

accorded the aromatic fraction, except the enormous complexity of .crude oil 

will result in a complex chromatogram. Only selected samples will be run for 

the purpose of evaluating compositional fractionation. Attempts will be made 

to characterize the bulk aromatic fraction by UV-fluorescence (Zitko and 

Carson, 1970). GC-MS spectroscopy (Brown et al., 1974; Warner, 1976) will 

only be used on those samples where individual component identification is 

required. In all cases, the quantities of aliphatics and aromatics in each 

fraction will be determined gravimetrically on a Cahn electrobalance. 

The measurements of total hydrocarbons and the aliphatic and aromatic 

fractions will be directly compared to similar extracts of Cook Inlet crude 

oil. Thus, a reasonable estimate of the adsorptive efficiency for the various 

classes of hydrocarbons will be available as a function of sediment composition 

and environmental parameters (i.e., salinity, temperature, and DOC). 
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IX. ANTICIPATED PROBLEMS 

We anticipate no significant problems with this program as we have 

outlined it. If major modifications in the scope of the research are initiated, 

we may have to modify our posture and response to the above deadlines. 

X. DELIVERABLE PRODUCTS 

The results of the elemental composition of the suspended matter will be 

arranged into tabular format and submitted to EDS on IBM cards. In addition, 

distribution cross sections and narrative discussions of the above will be dis

cussed in the quarterly reports. The results of the hydrocarbon adsorption 

studies will be presented in narrative form, including tables and graphs which 

describe the relationships between adsorbed petroleum, its composition, and 

the environmental control parameters. 

The data from the field studies will be submitted by cruise according to 

the following schedule: 

Collection Period Data Submission 
Month/Year to Month/Year Month/Year 

10/77 10/77 9/78 

5/78 5/78 2/79 

8/78 8/78 5/79 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

The suspended matter program will require information from portions of the 

geological and physical oceanography r~ograms. Detailed maps of the size dis

tribution and mineralogical composition of the sediments should be made avail

able to us as soon as possible. We also need detailed descriptions of the 

circulation patterns. Special emphasis should be placed on net water mass 

transport through the study -region. 
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XII. QUALITY ASSURANCE PLANS 

For the elemental composition of the particulate matter, we will be using 

USGS standard rocks and NBS standards for our calibrations. We will also 

participate in all appropriate intercalibration studies among individual prin-

cipal investigators involved in the OCSEA program. 

For the hydrocarbon and adsorption studies, we will be using extraction 

and analytical procedures which are compatible with those currently being 

adopted by OCSEAP for hydrocarbon analysis. We also will be working closely 

with the organic analysts within NMFS and will intercalibrate those analyses 

that we perform with them. 

XIII. SPECIAL SAMPLE AND VOUCHER SPECIMEN 
ARCHIVAL PLANS 

We presently do not have any sample archival plans. 

XIV. LOGISTICS REQUIREMENTS 

See attached forms. 
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For OCSEAP use only . 
. RU II . 
Discipline 
Area of Operation --

LOGISTICS REQUIREMENTS 

Please fill in all s~aces or indicate not applicable (N/A). Use additional sheets as· 
necessary.· Buc:;~t l~.r.~ ite""":s conc'2rn~.ng lrJgi-:;ti:: :~':'~!ld ~':! k'?.y~tf -t:'l th~ rr.>l~:!'l'l'lt it~fTI 
described on these forms. 

INSTITUT!OM Pacific Marine Environmental lab. PRINCIPAL INVESTIGATORs Feely and Cline 

A. 
l. 

-

2. 

SHiP SUPPORT 
Delineate proposed tracks and/or sampling grids, by leg, on a chart of the area. 
Include a 1 ist of proposed station geographic positions. 

D~scribe 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. 
Nephelometer-CTD hydrocasts will' be taken at every .station. In addition, water 
samples will be taken from depths for subsequent filtration. 

3 . ~~ i1 at i s the optimum time ch ro no 1 ogy o--=f::--o-:-b-s -e r_..:.v_a_,t--.1-o-n -s ·-o-n-a--=-1 e_g __ a_n--r-d·-s e_a_s_o_n_a-=-1-,b:-a-s~-i,-s---1 
and what is the maximum allowable departure from'these optimum times? {Key to 
chart prepdred under Item 1 when necessary for clarification.) 
Winter Season: Deployment - 1st week in Oct.. Summer Season: Deployment - 1st week 

· Recovery - 1st week 1n March. Recover_y- 1st week in S~_ir:t Ma.J' 
4. Hm·1 many sea days are required .f9r each leg? lAssume· vessel cruising speed of 

14 knots for NOAA vessels. Do not tnclude running time from port to beginning 
point and from end point to port and do not include a weather factor.) 
DepTOyment Cruises - 7 days Recovery Cruises - 5 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? 
Piggyback with physic a 1 oceanography cruises. 
Approximately how many vessel hours per day will 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. 

(1) 4 hrs/day (2) 1 hr/statiori (3) 2-3 hrs between stations 

6. What equ1pment and personnel would you expect the sh1p to provide? 

10 Drop-top N1skin bottles, CTD and a rosette 
7. 

8. 

What is the approximate weight and volume of equipment you will bring? 
2000 lbs and 200 cu. ft. 

Will y0ur data or equipment require special handling? No If yes, plea~e 
d~scribe: · 

9. Will y:.1u require any gasses and/or chemicals? No if yes, they should be on 
board ~he ship prior to departure from Seattle or time allowed for shipment by 

--~--~b~a_r_g~e_. · 
10. Do yot: have a ship preference, either HOAA or non-NOAA? If •·yes" please nof;]e the 

vessel and ~ive the reasvn for so specifying . . 
DISCOVERER - We require the large laboratory space provided by the DISCOVERER. 

) -..-l~J.-~l~f-y-o·-t;-:--eco'm:nend the use of a non-IWAA vessel, \'Jhat is the per sea dey charter 
j cost t1r·d h.Jve you ·verified its availability 

1-~~---· N/A 
\ 12. HJ•., r"ln.;· ;Fopl~ r::ust you h?.'t? on hc.~r-l far ~.::c'-1 1 eg? Ir..:1ude.; l~st o~ pc~-:i:~-

·;\', . 
~ants, • <ifically identifying any who are foreign nationals. 

Approximately 4 persons 
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XV. MANAGEMENT PLAN 

The suspended matter program for Lower Cook Inlet will be under the direct 

supervision of Or. Richard A. Feely. He ·will be responsible for planning the 

field programs, laboratory analysis of the suspended material, and preparation 

of the final report. 

The hydrocarbon adsorption studies involving Cook Inlet suspended material 

and Prudoe Bay crude oil will be under the direct supervision of Or. Joel D. 

Cline. He will be responsible for the sampling program, laboratory experimen

tations, and preparation of the final report. 
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XVI. OUTLOOK 

The field portion of the suspended matter program represents an interdis

ciplinary approach to understanding the dynamics of suspended matter transport 

in Lower Cook Inlet, requiring inputs from the physical and geological programs. 

·It is expected that this first cursory investigation of the system will present 

new questions which will 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 thoroughly examined. 

Nevertheless, we can anticipate that because of the tentative schedules for the 

field programs additional funding in FY79 will be required to complete the analy

sis of the data collected in FY78. 

For the laboratory experiments involving the adsorption properties of sus

pended matter, we anticipate two possible directions for continued research in 

FYs 79 and 80. First, the work may be expanded to include suspended matter and 

petroleum hydrocarbons from some of the other lease areas on the Alaskan OCS. 

Second, the resolubilization experiments may lead into experiments related to 

submarine weathering of oils under varying environmental conditions. For this 

work we would probably expect funding which would be comparable to present 

levels. 
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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. At the option of the Project Office the P.I. 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. 

4. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation form (NOAA 24-13). 

5. Data will be submitted according to the schedule outlined in the 
Management Plan. 

6. 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. 

7 .. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract termination. 

8. Three copies 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 60 days prior 
to release for information and for forwarding to BLM. The release of 
such material within a period of less than 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. 

9. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
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TITLE: Sources, Composition and Dynamics of Natural and Petrogenic Light 
Hydrocarbons in Cook Inlet, Alaska 
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.PRINCIPAL INVESTIGATORS: Dr. Joel D. Cline and Dr. Richard A. Feely 

COST: $101,600 
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Seattle. Washington 98105 
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Background 

Low Molecular Weight Hydrocarbons 

Observations into the distributions and abundances of the low molecular 

weight aliphatic hydrocarbons in several OCS areas of Alaska have been carried 

out over the past two years. These studies have shown that, under certain con-

straints, 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. 

A recent survey 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 field located in Trading Bay, but no attempt was made to 
' delineate the source or nature of the input. In a survey of dissolved LMWH 

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 (n£/t, STP) in the surface ·layers 
during July 1977. Concentrations not shown at all stations 
for the purpose of clarity. 
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Figure 2. Distribution of propane (nQ_/t, 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 detection of the LMW alkanes is largely confined to the region between 

Trading Bay and Kalgin Island. It is assumed that strong tidally-induced verti

cal 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 biqlogical component of Lr4WH 

(Cline, 1977). Lower Cook Inlet, in particular the region near Kamishak and 

Kachemak Bays, reveals elevated concentrations of the C2 and C3 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 ex-

ceeds 0.5 in most shelf areas and is more nearly 0.1-0.2 for Cook Inlet during 

summer. There is a concomitant rise in the concentration of ethane that accom-

panies 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 rela

tionship 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 over the Alaskan OCS. 

The LMWH also appear to be produced in marine sediments (Bernard et al., 

1977). A systematic transect across the Texas Gulf coast shows a preponderance 

of metnane, followed by ethene, propene, ethane, and propane in order of decreas

ing abundance. The average pore water concentration of LMWH shows that concen

tration 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 systematic 

analyses of pore waters for LMWH have been undertaken in Cook Inlet, although 
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the influence of this source on the composition observed in the water column 

must be assessed. This is particularly true in the southern portion of Cook 

Inlet where fine-grained sediments are more prevalent, but not necessarily 

abundant. 

One of the relevant transport mechanisms of oil in the marine environment 

involves its association and retention by suspended particles. Preliminary 

experiments conducted in this laboratory (in vitro) have shown that substantial 

quantities of crude oil (up to 30% of the sediment weight) will agglutinate to 

natural suspended sediments and form large, rapidly settling floes~ These 

floes may be transported great distances from their original source and impact 

both detrital-feeding pelagic and benthic organisms. The studies involving 

the nature of the sediment-oil interaction is continuing in this laboratory 

under research unit #152 (Feely and Cline). 

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/hr (Kinney et al., 1970), mostly above 

The Forelands, where suspended matter concentrations generally exceed 100 mg/~ 

(Feely and Cline, 1977). While our measurements in the laboratory suggest that 

these sediments have a large 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 ~; in the latter, the 

volume was 1 ~- 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 ~ansport 

rates of water and associated suspended matter. 
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Objectives 

The objectives of this study are twofold. They include an expanded 

assessment of the validity of LMWH (aliphatics and aromatics) to detect low level 

input of petroleum-related hydrocarbons and the evaluation of the significance 

of suspended matter in the transport of petroleum through The Forelands. 

LMWH 

During the forthcoming year, detailed hydrographic studies will be con

ducted north of Kalgin Islarid into Trading Bay for the purpose of delineating 

the composition and concentration of dissolved LMW aliphatics and aromatics: 

These compositions will be related to the consti~uents of petroleum crude 

presently being produced from the region. Within navigational and time con

straints, an attempt will be made to identify the source of the hydrocarbons, 

although intense tidal mixing in the area will necessarily complicate this 

objective. 

In a continuing effort to refine our knowledge concerning the utility of 

the LMWH as an early warning system for the introduction of petroleum hydro

carbons,. a detailed study of the relationships between the occurrence of LMWH 

and primary production will be initiated in Kachemak Bay. This study will 

focus on various alkane/alkene ratios and will attempt to correlate our find-

ings with primary production, incident light levels, chlorophyll, hydrographic 

parameters, and wind speed. This last facto~ is impbrtant because the hydro-

carbons of interest are gaseous and' readily transported acr:-oss the air-sea 

boundary. This particular study will be supported by a systematic analysis 

of interstitial waters for the LMWH with the aim of identifying compositional 

relationships ~prevalent in the near surface sediments. In shallow,' highly 

productive areas (e.g., Kachemak Bay), the production of hydrocarbons from 

the bottom may represent a significant local source. 
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Suspended Sediment - Oil Transport Studies 

The principal objectives of this work element are to assess the significance 

of suspended sediments in the transport of oil through The Forelands and to 

evaluate the composition of any agglutinated hydrocarbons. In an ancillary 

study, an effort will be made to identify the nature and amount of petroleum

related hydrocarbons transported vertically via suspended matter. These esti

mates will be constructed from a hydrocarbon analysis of suspended matter 

collected in sediment traps placed in an east-west array between Kachemak and 

Kamishak Bays. An attempt will be made to correlate the composition of petro

leum hydrocarbons retrieved from the sediment traps with the probable source 

area to the north. 

Scientific Approach and Sampling Strategy 

The implementation of the proposed interdisciplinary chemical and 

biological study will be initiated in late spring of 1978. The field program 

will consist of two cruises .to Cook Inlet, the first in May.1978, to coincide 

with the season of maximum primary production; the second in August of 1978 

during a period of biological subsidence. The study will be fully integrated 

with other PMEL components (physiGal a~d biological studies) as well as other 

institutions such as the University of Alaska and the Unive~sity of California 

at Los Angeles. 

This study will focus on two quite dissimilar subregions of Cook Inlet. 

These include the area north of Kalgin Island, including Trading Bay, and the 

biologically active Kachemak Bay. The first of. these is characterized by 

minimum biological activity and high concentrations of suspended matter; the 

latter by higher biological activity and much reduced concentrations of sus

pended matter. 

615 



10 

Upper Cook Inlet Including The Forelands 

Studies in this region will focus on the distribution of low molecular 

weight aliphatics and aromatics in the water column and their trajectory 

south past Kalgin Island. The region of interest is shown in Figure 3 with 

station spacing approximately every 5 naut. mi. Vertical sampling will be 

conducted at 3 depths at each station. Because of the intense vertical mixing 

encountered in thfs region, this number of samples should be sufficient to 

document "average concentration 11 profiles. 

The second major effort will focus on the distribution of the heavy molec

ular weight aliphatic and aromatic hydrocarbons associated with suspended 

sediments. For this study a 48 hr. time series station will be occupied in 

Trading Bay with the aim of collecting suspended matter every 6 hours. Assum

ing a mean concentration of suspended matter of 100 mg/t, approximately 18 g 

(dry weight) of sediment can be retrieved every 6 hours. Thus, it should be 

possible to delineate tidally-induced variations in the source material. The 

sediment will be collected with a continuous flow centrifuge. In concert with 

these activities, the water co.lumn will be monitored every _6 hours for LMWH. 

The aforementioned observations will be supported by vertical C-T-0 pro

files at each station, including the time series station in Trading Bay. A 

minimal survey of suspended matter concentrations in upper Cook Inlet will be 

performed under the supervision of Dr. Feely. Because of the vertical homoge

neity of the water column in the area north of The Forelands, suspended matter 

samples will be taken from surface and bottom at 4 stations and analyzed for 

TSM, C/N ratios, and Si/Al ratios. Similarly, at the pumping station in 

Trading Bay, suspended matter samples will be taken from both the inflow and 

outflow of the centrifuge and analyzed for TSM, C/N and Si/Al ratios. This 

will be accomplished every 12 hours on a routine basis to document extraction 

efficiency and compositional variability, should it occur. 
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COOK INLET 
0 100 

KILOMETERS 

154° 

Figure 3. Proposed sampling grid for Cook Inlet. The solid circles represent 
water column stations; th~ iolid triangles the location of gas har
poon stations. The open square in Trading Bay is the tentative 
location for the 48-hour pumping station. Water column sampling 
for LMWH in Kachemak Bay will be in concert with elements of the 
biological program and at their discretion. The cross-hatched 
area represents the general region of interest. 
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Lower Cook Inlet - Kachemak and Kamishak Bays 

This study will focus on the relationships between primary productivity 

and LMW aliphatic hydrocarbon production primarily in Kachemak Bay. Water 

samples will be taken from selected stations and analyzed for the aliphatic 

hydrocarbons.in conjunction with certain biological measurements. The neces

sary support measurements include, but are not necessarily limited to, salinity, 

temperature, primary productivity, chlorophyll, s~spended matter, nutrients, 

oxygen, incident light, and sea state. Our responsibilities under this pro

posal include LMWH analysis, suspended matter characterization, salinity, 

temperature, and sea state. We assume that the other variables will be rou

tinely monitored by the biological component. Because of the large diurnal 

effect associated with primary production, and because of the tidal influences, 

there is considerable merit to conducting a study of primary productivity at 

one location for at least 48 hours. 

The water column observations in Kachemak Bay will be supported by similar 

measurements of LMWH in pore waters. The nature of the gas harpoon requires 

that orily fine-grained sediments be sampled, hence the sampling be limited to 

soft sediments in the interior regions of both Kachemak and Kamishak Bays. 

We propose three harpoon drops in Kachemak Bay and two in Kamishak Bay. Sam

pling protocol will be repeated during each cruise in order that seasonal 

changes in the near-surface sediments may be evaluated. 

As a part of our study to document the significance of suspended matter 

in the transport of petroleum, suspended particulate mqterial retrieved from 

the array of sediment traps in LCI will be analyzed for heavy hydrocarbons, 

both aliphatic and aromatic fractions. A total of 3 arrays will be deployed 

with duplicate traps mounted within 7-10 m of the bottom. One of the dupli

cates from each array will be set aside for heavy hydrocarbon analysis. The 
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experiment will be repeated twice yielding a total of 6 samples·. The sediment 

will be recovered from the traps, frozen immediately, and returned promptly 

to the laboratory for analysis. The suspended material from which the hydro

carbons are extracted will be characterized under research proposal R.U. #152 

(Feely and Cline). 

Sampling Methods 

Sampling of the water column and suspended matter for petroleum-derived 

hydrocarbons will be conducted during two cruises to Cook Inlet in May and 

August 1977. The general geographical areas of interest are shown in Figure 3. 

together with preliminary estimates of the station locations. 

1. Upper Cook Inlet. It is proposed to occupy 23 water column stations (e) 

in the vicinity of Kalgin Island and north of The Forelands. The location of 

the individual stations is not precise at this time and may be shifted or elimi

nated altogether depending on water depth, weather, and navigational difficulties. 

Tentative location of the 48-hour pumping station is shown as an open square 

symbol on Figure 3. 

2. Kachemak Bay. Water column sampling for LMWH will be largely con

strained by the nature and scope of the biological program. The aim is to 

sample concurrently with measurements of primary productivity. The general area 

of interest is cross-hatched in Figure 3. Gas harpoon samples will be taken at 

the 3 stations shown in Kachemak Bay. Because the evaluation of bottom sediment 

textures and organic carbon concentrations is necessary to interpret gaseous 

hydrocarbon production, this aspect of the study should be coordinated with 

trace metal studies of bottom sediments. 
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3. Kamishak Bay. The field study in Kamishak Bay will be largely limited 

to the acquisition of two gas harpoon samples in the southwestern sector. Again, 

station locations are tentative .as soft sediments must be sampled. As before, 

ancillary data requirements are bottom sediment textures and organic carbon 

concentrations. 

4. Lower Cook Inlet - Sediment Trap Studies. The location of the 3 sedi

ment trap arrays will be shown in the proposal by Feely and Cline (R.U. #152). 

Analytical Methods 

1. LMWH-Water Column. LMWHs are stripped from a 1-R.. volume of seawater 

using a modified procedure recommended by Swinnerton and Linnenbom (1967). A 

diagram of the gas phase extractor is shown in Figure 4. Although the system 

actually used by us is somewhat simpler in detail than that reflected in 

Figure 4, the principal remains the same. 

Chromatography of the components is effected on a column of Poropa~ Q 

(4' x 3/16 11
), 60-80 mesh, in series with a small column of activated alumina 

{3/16" x 211
) impregnated with l% 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 minutes. Detection of the component hydro

carbons as they emerge from the column is performed with a flame ionization 

detector. 

Aromatics will be stripped from solution in an analogous fashion and 

trapped on Tenax GciD, which does not retain water. The LMW aromatics will 

be backflushed off the Tenax column at > 250° C and chromatographed on 6' x 

3/16" columns of 5% SP-1200/1.75% bentone 34 on Supelcoport (100-200 mesh). 

620 



.. 
1-• 
~ 
c 
"1 
r. 
~ 

:n 
n 
::r 
~ 
'3 
~ 
.-+ ..... 
n 
c.. 
i» 

liCI 

""' ill 

= 0'\ 
N 0 
J-1 '"f) 

liCI 
;I) 
t/1 

Q 
)( 

.-+ 

""' ;.: 
n 
.-+ 
0 

""' 
6 WIIYCARLE/ 

VA:..v<:s ~· 

CALieRATION 
GAS 

CAL!BF'IATIO'< SAIJ.PLE 
LOC:> t: CCl 

TO 
GC. 

UP He 
TANK 

I 

r---~------------------------------------~A~IR~~ H20 

EXHAUST 

OR'riNG TUBE 

TO FAOt.l 
G.C.. G.C.. 

ACT IVA TEO 
ALUMINA m 1n 
COLUMN~ 

. co..D· 
TRAPS 
•BO"C 

FlOW 
EXHAUST METERS 

./ 

EXHAUST 

/. 
SER;JM 

CAP 



16 

Preliminary laboratory stu.dies have been performed with the column material, 

and resolution of.benzene, toluene, xylenes, and ethylbenzenes has proven highly 

successful. However; much more wo~k iS needed to de~ine stripping parameters 

of the LMW aromatics as well as their systematic recovery from heated Tenax. 

At the present time, the procedure is specific up to ethylbenzenes. We shall 

attempt to extend our measurements up to napthelenes. 

2. LMWH - Interstitial water. Interstitial water $amples will be taken 

with a harpoon sampler (fig. 5) 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 exposing the sediment to ambient degassing. 

This instrument acts as a large syringe with a spring loaded master cylinder 

providing the suction. Full 1~-m penetration triggers the suction, and at 

each of the 8 to 10 sampling ports interstitial water is drawn through a 

Whatman filter into precalibrated stainless steel loops. The maximum capacity 

of each port is 20-25 mt~ 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 ~pril 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 20 mt of pore water. 

3. Suspended Matter·- Heavy Hydrocarbon Analyses. Suspended matter 

collected from the traps and by continuous flow centrifugation will be ana

lyzed according to the procedures established by MacLeod et al. (1976). 

Briefly, an appropriate weight of sediment (10-50 g) is dewatered with 

methanol, then extracted with a methylene chloride/methanol mixture for 
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Finurc 5. Gas harpoon, intcrslitial water sampler. 
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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 

particulates 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 2 mi and the solvent changed to hexane. At this 

point the sample is chromatographed on silica gel to separate the aliphatic 

and aromatic fractions; sulfur is removed _from each fraction. After concentra

tion of each fraction to approximately 0.5 mi, the two samples are ready for 

GC analyses. 

This laboratory' will collect the samples, extract the petroleum hydrocar

bons, and determine the major aliphatic components (C 12-C32 ), including pristane 

and phytane. We are also capable of analyzing the aromatic fraction, but com

ponent identification may require GC-MS spectro.scopy. 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 cross-checked with the same procedures in NNAF. 

Analysis of the aliphatic fraction wi 11 be made with 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. The column is 0.25 mm i.d. and coated with SE-30. 

4. Analyses of Suspended Matter. The aluminum and silicon concentration 

of the partic'ulate matter will be determined by x-ray secondary emission 

(fluorescence) spectrometry utilizing a KevexR model 0810A-5100 x-ray energy 

spectrometer and the thin-film technique (Baker and Piper, 1976;~Massoth et al., 

in preparation). The inherent broad band of radiation from an AG x-ray tube is 

used to obtain a series of characteristic emission lines from a single element 

secondary target which then more efficiently excites the thin-film sample. 
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Standards are prepared by passing suspensions of finely ground USGS standard 

rocks (W-1, G-2, GSP-1, AGV-1, BCR-1, PCC-1) and NBS trace element standards 

through a 37-~m mesh polyethylene screen followed by collection of the size 

fractionated suspensates on NucleporeR filters identical to those used for 

sample acquisition. The coefficient of variation for 10 replicate analyses 

of a largely inorganic sample of approximately mean mass was less than 3% for 

the major constituents and as high as 5% for the trace elements. However, 

when sampling precision is considered, the coefficients of variation increase, 

averaging 12% and 24% for major and trace elements, respectively. 

Analysis of total particulate carbon and nitrogen is carried out with a 

Hewlett Packard model 185B C-H-N analy'zer. In this procedure, particulate 

carbon and nitrogen compounds are combusted to C02 and N2 (micro Dumas method), 

chromatographed on PoropakR Q, and detected sequentially with a thermal conduc-

. tivity detector. NBS acetanilide is used for standardization. Analyses of 

replicate surface samples yield coefficients of variation ranging from 2% to 

10% for carbon and 7% to 14% for nitrogen. 

Anticipated Problems 

We foresee no major difficulties for the implementation of the program, 

as all procedures have been successfully employed in the field, except the 

analysis of LMW aromatics in marine waters. However, ample time is available 

between October 1, 1977 and the proposed cruise in May 1978 to perfect the 

stripping and chromatographic analyses of the aromatics. 
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Deliverable Products 

1. Digital Data. The·low molecular weight aliphatic components (methane, 

ethane, ethene, propane, propene, iso- and n-butane~) 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, but 

to .our knowledge no format exists for their inclusion in the data base of 

NODC/EDS. Discussions will commence immediately with Mr. Dean Dale of EDS 

on how this can best_be accomplished. 

Analy~es of suspended matter for associated petroleum hydrocarbon will 

include the·quantifi~ble range of both aliphatics and aromatics. Major ali~ 

phatic contributfons in the range c14 to C30 will be reported, as well as 2-

to 5-ring aromatics determined by GC-MS spectroscopy. The data format to be 

used. is currently being developed for MESA for the reporting ·of hydrocarbons 

in beach sediments, but should adapt well for our purposes. 

submitted in digital form on punch cards. 

Data wi 11 be 

The characterization of the suspended matter will include the total sus-

pended load concentration, organic carbon and nitrogen concentrations, and 

the analy~es of the major element compositions of the suspended matter. The 
' data will he submitted in digital form on IBM cards in accordance with a:n 

existing OCSEAP format. 

2. 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 contain the most relevant findings relative to the stated objectives. 
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Data Type 
( i . e. , I ntert ida 1 , 
Benthic Organisms, 

etc.) 

LMW-aliphaticsl 

LMW-aromaticsl 

Heavy hydrocarbons-
suspended matter 

Chemistry of 
suspended matter 
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(Cards·, cod
ing sheet's 

tapes, disks) 

cards 

cards 

cards 

cards 

Data Products Schedule 

Estimated 
Volume 

(Volume of 
processed data) 
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approx. 
400 cards 

60 cards 
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. OCSEAP 
Format 

(if known) 

043 

none 

044 

021 
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by PI 
(Yes or No) 

completed 

no 

completed 

completed 
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Pe·ri od 

(Month/Year to 
Month/Year) 

May/1978 and 
· August/1978 

May/1978 and 
August/1978 

May/1978 and 
August/1978 

May/1978 and 
August/1978 

lNo format exi'sts for the reporting of iTJ,terstitial water aliphatics or aromatics. 

Submission 
(Month/Year) 

Sept. 1978 

Oct. 1978 

Dec. 1978 

Oct. 1978 
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These reports 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 jour

nal publications will result. 

All reports and publications will contain, in addition to the narrative 

discussion, relevant tables and graph~ 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. Information on sediment ·distributions will be presented 

on areal surface charts; compositions of suspended sediments at typical selected 

sites will be described in tabular form, much the same way as it is now done 

in research unit #152. 

3. Nondigital Data. All hydrocarbon analyses performed with a GC result 

in analog chromatograms showing concentrations and retention times (component 

identification). These recorder traces are available for inspection or inclu-

sion in the data base at the request of the project office. 

Ancillary Information 

The work to be performed under this proposal will be supplemented by 

hydrocarbon and trace metal analyses covered under separate research units 

(Nos. 275, 162, 480, 290, and 5). These studies will be coordinated with our 

efforts as suggested above. The biological interface with primary production 

studies needs to be focused; presumably the necessary coordination will be 

accomplished this coming November during a biological planning session cover-

ing activities in LCI for FY 78. 
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Quality Assurance 

The low molecular weight hydrocarbon analyses will be calibrated again~t 

NBS standards. An intercalibration procedure involving the aromatic fraction 

has not been worked out at this point, but similar analyses are currently 

being performed at NBS in Washington, D.C., and we will attempt to intercali

brate with them, or with Dr. Brooks of Texas A&M University. 

The heavier aliphatic hydrocarbon fraction (C 12+) will be calibrated with 

coinjected standards (C 12-C 32 paraffins) and compared to similar analyses being 

performed by the National NOAA Analytical Facility. This laboratory is also 

proposing to intercalibrate with a number of other institutions across the 

country (e.g., NBS, IMS, UCLA, Battelle-Columbus). In this regard, the BLM 

reference hydrocarbon mixture shall be used to evalua~e the extraction, separa

tion, and recovery efficiencies of our (NNAF) analytical procedure for the 

analysis of suspended sediment. To assess intralaboratory precision and 

methodologies, we will analyze a sediment split to be provided by OCSEAP. The 

sediment sample will be analyzed in triplicate. 

Analytical results obtained on the aromatic fraction wjll be substantiated 

by selected GC-MS analyses performed by NNAF. Our aim is to identify major 

components by their retention times compared to co-injected standards and to 

use mass spectra where applicable. It should be possible to identify the rela

tive contributions of the 2, 3, 4, and 5 ring aromatics based on retention time 

11 Windows. 11 

Analytical results on the composition of suspended matter will be based on 

USGS standard rock samples. Calibration of the organic carbon/nitrogen analy

sis will be based on the organic compound acetanalide and gas standards (C02 , 

N2 in helium).provided by Matheson Gas Products. 
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Samp 1 e Arch.i va 1 

No samples as a part of this study will be archived, .except the suspended 

matter samples taken for elemental analy?is by nondestructive energy dispersive 

x-ray fluorescence. These samples wi 11 be retained on Nuc lepore membrane filters 

for subs~quent analyses of intercalibration. These samples will be retained by 

the principal investigator at ·no cost to the· project for the duratipn of the 

p:rogram; .longer if special archiving. procedures are developed. 

::., 

Management Plan 

The ·management of this .program, including the planning and implementation 

of the cruises., is. the responsibility oJ Drs: JoE!l CHne and Richard Feely.: 

Their responsibility also extends to the coordinatiQn of efforts by other. P. I.'s 

i nvo 1 ved. in the Cook In 1 et ·study in order that the goa 1 s of the program are . 

fully understood and. the.final results are comprehensive and scientifically 

integrated .. The timely submission of reports·and their scientific credibility 
' 

is also the sole responsibility of the principal investigator. 

All. of the observations and analyses stated above will be performed by 

PMEL staff members. Mr. Anthony Young is in charge of program logistics, 

field operations, analyses of LMWH, and instrument.ation development. Mr. Gary 

Massoth,will ~irect the suspended sediment samRling and analysis· program, and 

be responsible for the analys·is of suspended matter for car.bon an.d nitrogen .. 

The analysis of the suspended matter for petroleum hydrocarbons is the 

responsibility of the laboratory·chemist (to be hired in December) and·Ms. Susan 

Hamilton, .a graduate studen.t at the Uni.versity of Washington. Mr. Cha,rles Katz 

is a graduate student in the U.W. Department of Oceanography and will be respon

sible for the development of the analysis of the low molecular weight aromatics. 

Secretarial duties required under this contract will be performed by Ms. Giese. 

With the exception of Ms. Giese. all personnel will participate on the cruises. 

630 



26 

LOGISTICS REQUIRENEflTS 

For OCSEAP use only. 
RU # 
Oisciplin~ 
Area of OperitTon---

Please fill in all spaces or indicate not applicable (N/A). Use ~dditional sheets as 
necessary. Buc:;3t ~~.n:::! ite-:s :anc~rnir.~ l'1:Ji":t:~-: -.-~r:t!ld ~= !:-:!:'~1 t-:~ th~ r~lQ'/rl"lt it~rrt, 
described on these forms. 

INSTITUTION PMEL/tiOAA . 
Dr. Joel Cline 

PRINCIPAL INVESTIGATOR Dr. Richard Feely 

](. 
1.· 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

10. 

11. 

SHiP SUPPORT 
Delineat~ proposed tracks and/or sampltng grids, by 1eg, on a chart of the area. 
Include a list of proposed station geographic positions. 

See attached. 
Dascribe 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. 
(1) Water samples, (2) CTO, (3) Grab samples, (4) Gas harpoon samples, (5) Continuous 
pumping of water for suspended matter. 
What is the optimum time chronology 6f observations on a leg and seasonal basis. 
and what is the maximum allowable departure from"these optimum times? (Key to 
chart prepdred under Item 1 when necessary for clarification.) 

1) Early May 2) Early August 

Uov1 many sea days are required for each leg? (Assume vessel cruising speed of 
14 knots for NOAA vessels. Do not include running time from port to beginning 
poinj and from end point to port and do not include a weather factor.) 

· AQQrox. 10 daysLcruise 
Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? 
Integrated investigation. 
Approximately how many vessel hours per day will be required for your observations 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processi~g time between stations. 
Sampling and procesiing - 3 hr/sta; approx. 

What equ1pme~t and personnel would you expett'the ship to prov1de? 
(1) Survey technicians, (2) Sample bottles, (3) CTD fish and rosette, (4) Van Veen 

Grab sampler ., ' 

~lhat is the approximate weight and volume of equipment you·wiil bring? 
3,000 lbs. 

Will y·Jur data or equipment require special handling? 
describe: 

Ye~ If yes, please 

Ga,s harrmon may be difficult to ~ie]d in ~~h. wPi'!thPr-
W1ll j',,u requ1re any gasses and or chem1ca s? Yes' , if yes, they shou·ld be on 
board ':he ship prior to departure f~om Seattle--or t1me allo1·1ed for shipment by 
barge. . Do yo-.; liave a sh1p preference, elther NOAA or non-NOAJW If "yes 11 please nali1e the 
vessel and ~ive the reasGn for so specifying. 

NOAA: _( 1) Discoverer or 2 f1i 11 er Freeman 
If yo~ ~ecom~end the use of a non-NOAA vessel, what is the per sea d~y charter 
cost aN:! ha;,e you ·verified its availability 

R/V Acona must be used in upper Cook Inlet and shallow waters in Kachemak and Kamishak 
,..,12,_.-.,...,.H'l-~-·J-r--.<J-n~·· ;>:::ople must you ha'l~ on hoi1r1 for e~~~ 1eg? Ir.ciu.:!e a list of' pe ..... i .... :f!ay5

• 1 

pants, ~ ··cifically identifying any \-Jho are foreign nationals. . . - -· ,. 

We will fi~ld 3 people per cruise. 631 
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Outlook 

Upper Cook Inlet is presently the site of significa~t ga~ and oil production, 

and it appears that Lower Cook Inlet might achieve similar status. The inp~t 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 initiated. Evidence derived during our April 1977 cruise 

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. 

Emphasis should be placed on the identification of sources of oil in Upper 

Cook Inlet (i.e., subsurface and surface platforms, natural seeps, transporta

tion, biogenic production from intertidal areas, etc.), quantities being intro-

duced, and the ultimate fate of the oil. Distribution 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. 

A continuing effort should be given to the interactions of oil and s~di-

ment particles. Environmental control parameters regulating the active trans-

port of oil by suspended matter need to be clarified (Research Unit' #152). 

Deserving special attention are the physico-chemical processes responsible for 

the agglutinization of oil and particles and what controls the size of the 

particles. Work already proposed for FY 78 under Research Unit #152 should 

provide the basic strategy for supplemental studies. 

Studies currently underway on plankton distribution in Puget Sound have 

shown what appears to be small tar balls in the gut of certain zooplankton. 

If this observation is supported by hydr6carbon analyses of the organisms, 

then herbivores, and possibly detrital feeders, are assimilating oiled 
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particles directly from suspension. In view of the substantial quantities of oil 

entering Cook Inlet, zooplankton populations should be examined for petroleum 

hydrocarbon content. 

This year's chemical effort will focus on Cook Inlet, primarily because of 

leasing schedules and minimal logistical difficulties. However, if the Norton 

Sound seep is found to be accompanied by liquid petroleum, subsequent planning 

should include studies of dispersion mechanisms, including sediment transport, 

chemical weathering, and the potential impact on sensitive benthic biological 

communities. These studies would require an interdisciplinary approach, simi

lar to that presently being planned for lower Cook Inlet. 

Our response to this site-specific study in Norton Sound will include 

(1) plume tracer studies, (2) sediment transport mechanisms, (3) oil solubili

zation from particulate matter, and (4) chemical weathering of oil entrained 

in bottom sediments. A necessary adjunct to this work would be oil-sediment 

interaction studies, similar to those being performed with Cook Inlet sediments. 

Sediments derived from the Yukon River are characteristically enriched in clay 

minerals (i.e., chlorite, illite, montmorillonite) compared to the detrital 

abraided rock material found in Cook Inlet. 

General Stipulations 

It is understood that the principal investigators will: 

1. Submit updated quarterly activity/milestone/data management charts. 

2. Submit quarterly reports in sufficient time during the contract period 

to be in OCSEAP hands by the first day of January, July, and October, and annual 

reports by April 1. Also, the final report will be submitted within 90 days of 

the termination of the contract. 
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3. At the option of the project office, travel to the project office at 

least twice during the contract year to re~iew the project status and progress. 

4. Submit all data in a form and- format specified by OCSEAP, accompanied 

by a data documentation .form (NOAA 24-13). 

5. Submit data with~n 120 days of the completion of the· cruise or 3-month 

d~ta collection_ period, unless a written waiver has been received from the 

project.office. 

6. Submit to the project data manager within)O days of the completio!l

of the.cruise or data gathering effort, a ROSCOP data collection inventory 

form (NOAA 24-23). 
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C. TECHNICAL PROPOSAL 

I. Title 

Distribution and Dynamics of Heavy Metals in Alaskan Shelf 
Environments Subject to Oil Development 

Research Unit No. 162 

II. Principal Investigator 

Dr. David c. Burrell 

III. Cost of Proposal (FY 78) 

C. Total 
D. Lower Cook Inlet 

Beaufort Sea 

IV. Backgro•.md 

$172,000 
85% 
15 

Studies of heavy metal distributions have been an integral part of 

the OCSEAP program from its beginnings in the Gulf of Alaska. Studies 

undertaken for this program have now been conducted in al~ the projected 

Alaskan lease areas. In every previous annual report and prop.osal we have 

discussed the possible ways in which the natural geochemical distributions 

of the metals may be affected by industrial development and potential 

impact of massive doses of hydrocarbons in the shelf and coastal regions. 

Three types of impingements have been emphasized in particular: 

i. Heavy metals indigeneous to crude oil; 
ii. Toxic metals from the associated formation waters, 

drilling muds and engineering structures; 
iii. Perturbations of the geochemical environment from massive 

oil spills leading to remobilization or removal of 
"available" forms of the metal. 
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We have always maintained that the only possible quantitatively impor

tant impact must be of type (iii). A brief background on the toxicity of 

heavy metals in the marine environment was given in this years Annual Report 

(Burrell, 1977a). This latter included a brief mention of the liklihood of 

soluble toxic concentrations being attained in the oceans. A more thorough 

discussion of this topic, with specific reference to copper, has been given 

by Burrell (1977b). In brief, it appears possible that natural concentra

tions of some heavy metals may overlap toxicity thresholds for some marine 

species under certain conditions: this latter largely having to do with 

the chemical form of the metal in solution (marine chemical speciation is 

a very complex and poorly understood topic; .our laboratories in Alaska 

'have worked in this field for many years). Certainly, on the basis of pre

sently available evidence, there are grounds for believing that subtle 

changes in the pertaining geochemical environment, such as could well be 

associated with massive oil spills, could drastically affect the bio

availability of toxic metals. Continuing research on distribution and 

dynamics of the heavy metals continues to be of prime importance. 

It is believed that no useful purpose is served by continuing to pursue 

large scale surveys of heavy metal concentrations over the vast lease areas 

involved in the Alaskan OCS. Studies of concentrations of a wide range of 

heavy metals in solution and in total sediment samples has demonstrated no 

anomalous trends (see Burrell, 1975a). Soluble concentrations in particular 

are generally lower than commonly accepted oceanic "means". Sediment 

contents are a function of the sediment grain size, with possibly a trend 

to enhancement of some metals (such as copper) in coastal areas. 

Our overall focus in the past has been on the benthic boundary layer 

and on the biological communities living there. It is at this.interface 
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that remobilization of heavy metals from the sediment reservoir may occur 

(as recently demonstrated for copper under natural conditions by Heggie, 

1977). However, multidisciplinary data presented at the Gulf of Alaska 

Synthesis Symposium appears to indicate that major oil impact would occur 

at the sea surface, and that little would reach the deep sea sediments. 

Similar work during FY 77 by other OCSEAP investigators has shown that 

oil is not strongly sorbed to Alaskan coastal marine particulates (pre

sumable b.ecause of the highly polar nature of the predominantly glacially 

derived material) so that this potential transportation route to the deep 

waters has been challenged. Work in FY 77 was therefore focussed on open 

sea surface biota (notably marine mammais) and on estuarine and coastal 

intertidal benthic communities. This latter mostly involved work on 

Mytilus and Fucus indicator species and on physical transport processes 

in Gulf of Alaska estuaries. 

In FY 77 we also narrowed our focus away from broadbrush coverage of 

the entire lease areas and adjacent regions to concentrate on specific 

study sites. The impetus for this redirection came out of the workshop 

held at the University of Alaska in July 1976. Use of sma+l study areas, 

chosen for each lease area .on well considered, multi-disciplinary grounds 

has enabled us to commence seasonal sampling, and to tie in ancillary 

biological and chemical studies with the heavy metal program. Because 

OCSEAP does not want a major emphasis in the Gulf or Bering Sea for FY 

78, the major study site sampled this year has been deleted but the 

same work concept will be retained for Cook Inlet and the Beaufort Sea 

as described in the following sections. 
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V. Objectives 

1. Lower Cook Inlet 

The major emphasis of the FY 78 program will be to study the bio-

uptake of selected heavy metals by benthic organisms. The major components 

and rationale are: 

a. The importance of the benthic boundary layer with regard to 

potential release and transport of heavy metals. Sediments are the major 

reservoir for the metals and we are now beginning to describe natural 

fluxes back into the water column. It is necessary to further describe 

and understand the mechanisms involved prior to attempting to determine 

potential anthropogenic disruptions. For example, sediment surface re-

mobilization reactions are almost certainly microbially mediated but little 

definitive information is available. It should be noted also that bacteria 

present at this interface are thought to constitute the primary food 

source for the deposit feeding clams discussed below. 

It is most unlikely that such fluxes from the sediments into the 

base of the water column can be detected in Cook Inlet itself because of 

the atypical circulation patterns. Such work must be pursued in an 

environment where the bottom waters are sufficiently "static" to permit the 
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development of detectable gradients, and will therefore have to be carried 

out in an adjacent Kenai peninsula estuary which is otherwise environ-

mentally similar to Cook Inlet. 

b. The choice of.heavy metals to be studied. It is obvious that only 

a limited number of metals can be studied in a program such as this. We 

have chosen elements which may be considered paradigms of particular 

classes of metal or biogeochemical reaction. Thus: 

i. Cu and Zn as micronutrients which are toxic in excess. Copper 
is particularly important because more is understood of the 
water column scavenging/release and sediment boundary reactions 
than any other heavy metal. 

ii. Mn and Fe in the sediments as geochemical (particularly redox) 
indicators. It is also intended, where possible, to continue 
water-sediment flux work on Mn. 

iii. Cd as a representative of metals which are highly to~ic yet serve 
no (or minimal) metabolic role. OCSEAP has also requested work 
on Hg which would fall in this category. 

iv. OCSEAP has requested some distribution studies on metals which 
are particularly associated with crude petroleum: nickel and 
vanadium. 

We shall also include a number of particulate Al analyses as this para-

meter is required to determine organic/inorganic fractionation. 

c. The choice of portions of the trophic web which are of particular 

concern as commercially important food species. It should be unnecessary 

to emphasize the importance of crab in Alaskan waters; Lower Cook Inlet 

is one of the more important fishing and breeding grounds for both snow 

and king crab. These species feed largely on detritivore clams, and 

Maaoma and NuauZana in particular. Hence there is a short pathway only 

between the sediment and man, and induced changes in the bioavailability 

of metals at the surface of the sediments may be of practical concern. 
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Q. Flux of metals thr~ugh the food chain. To-date we have deter-

mined- the static levels of the heavy metals in a number of species. 

It is necessary now to try and determine the pathways and rates of flow 

of these metals within the food chain noted previously. This goal is 

only now potentially obtainable because, concurrent with the chemistry 

program, data is beginning to be generated by the benthic biolo&ists 

regarding preferred foods and feeding/depuration rates. The chemistry 

program proposed here can only be accomplished in close cooperation with 

the ongoing biology and microbiology programs. Two approaches are pro-

posed: 

i. Field collection of sub-tidal clams and crab together with 
substrate samples and analysis of metal contents. These 
latter data to be correlated with the biological carbon flow 
work. 

ii. Culturing of these same species in our Seward facility aquaria 
and initial attempts to monitor the uptake and release of added 
metal contaminants in conjunction with the oiling experiments. 
This work is also to be strictly in conjunction ~vith the concur
rent biology and hydrocarbon chemistry investigations. 

In addition to this major food chain investigation we also have a 

requirement to determine the distribution of metals in the water column 

at each of two stations within Cook Inlet. Katchemak Bay is primarily 

impacted by inflowing Gulf waters and has a complex gyral circulation. A 

contrasting station is to be selected higher in the Inlet in an area adja-

cent to ongoing petroleum production and one impacted by out-flowing 

glacially derived, turbid water. 

2. Beaufort Sea 

We have quite insufficient baseline data for the nearshore Beaufort 

Sea and efforts will be made to extend this coverage in FY 78. At the 
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same time, however,. there appears"to be sufficient biological information 

to indicate the importance of certain epibenthic species within the 

restricted Arctic food web. Mesidotea and Mysis, for example, appear to 

service a range of higher organisms including fin fish and marine mammals. 

Again, trophic relationships (feeding habits, carbon flow) are planned 

for this area according to the Coastal Lagoon Ecosystem proposal and we 

will cooperate closely with this program if at all possible. In addition 

there is.just now some interest in starting some type of controlled food 

web aquaria studies at the Barrow laboratory. If this work progresses 

sufficiently during FY 78 we should like to add a heavy metal component 

similar·to that proposed for the Seward experiments. 

VI. General Strategy and Approach 

1. Lower Cook Inlet 

Three major sampling expeditions are planned for this region in 

FY 78: November 1977, and spring and summer of 1978 •. During the winter 

trip it is proposed to collect the benthic biota species specified above 

together with coexisting sediment. This latter will be analysed for 

extractable heavy metals according to a scheme to be agreed upon (see 

below) and also for grain size fractionation and organic carbon content. 

The relationship of grain size to specific clam species habitats and food. 

supply is most important; likewise the amount.of biologically "available" 

metal is also a function of sediment surface area. 

Heavy metal uptake and transfer experiments on aquaria.organisms are 

being currently planned. The background to this phase of the work is 

as follows: 

643 



i. A running seawater system has been installed-in the Seward 
lab facilities where both stationary and flow-through experi
ments are available. 

ii. Perturbation experiments by crude oil on intertidal Macoma 
samples have begun. 

iii. Plans have been made to collect the sub-tidal Macoma and 
crab prey species in November and to transport these live to 
Seward. 

iv. The capacity of the ,controlled habitat available for use will 
be greatly extended by bringing into use large "aquaculture 
ponds". 

During the spring and summer cruises water column sampling will be 

conducted at the two stations noted previously along the lines of the 

scheme discussed at the September (1977) OCSEAP Chemists Coordination 

Meeting, and in conjunction with the other participating chemists, biolo-

gists and microbiologists. Where possible, water column samples adja--. 
cent to the sediment boundary will also be collected in an a4jacent 

Kenai peninsula estuary for reasons noted above. 

2. Beaufort Sea 

The proposed program has been briefly outlined above. It is not 

possible to provide specific details until after the Beaufort Sea Coordina-

tion Meeting to be held early in the new year (1978). Field work will 

not be possible until mid-summer, 

VII. Sampling Methods 

Sub-tidal benthic species will be collected by trawl and dredge by 

the cooperating biologists. Samples for tissue analysis will be purged 

on board ship and transported frozen to the laboratory. Sediment substrate 

samples will be collected using the Haps corer for heavy metal analysis and 
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via the Haps or van Veen grab for size fractionation and organic carbon 

determinations. Water column samples will be collected in go-flo Niskin 

bottles and filtered at 0.4 ~m. 

VIII. Analytical Methods 

Analytical methods used will be basically as described and accepted 

in previous work statements. Modifications reflect both the primary 

focus on analysis of biota tissue and on aligning our procedures more 

closely to those used by other OCS investigators. The time limiting 

dissolution step for biological samples will be greatly speeded by use of 

an oxygen-plasma system and teflon bombs. Solution analysis will be by 

flameless atomic absorption using matrix matched standards. 

A new sediment extraction scheme will be adopted after consultation 

with the other chemistry investigators. In order to obtain the very 

large number of sediment size analyses required, an automatic sizing 

system will be installed. This should remove one of the major problems 

plaguing the current contract work. Although Dr. C. M. Hoskin of this 

Institute is responsible.for some of this work, his contract provides 

only one week of salary and it would hence be impossible to obtain 

the required data via conventional pipet analysis. Particulate organic 

carbon analysis will be by currently used methods. 

Water column analysis will be largely by neutron activation analysis 

(Hg, Cu, Mn, and V) and this phase of the work will be under the super

vision of Dr. H. V. Weiss who is an expert in this field. Cd analysis 

will be by stripping voltammetry. 

The specific techniques are described in the latest Annual Report. 
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IX. Anticipated Problems 

We anticipate no major problem with the work proposed. However, 

the aquaria experiments are still in the design stage and some problems 

in execution are unavoidable. Personnel problems with regard tq w~ter 

column analysis noted in the original June 1977 version of this proposal 

are still relevant. 

X. Deliverable Products 

This project will; submit quarterly narrative reports which will include 

a discussion of current objectives, methods and techniques used in sampling, 

analysis and calibration. Discussion of data and significance·of results 

will utilize graphical and tabular presentations where appropriate. Any 

digital data requirements will be handled by the University of Alaska OCS 

Coordination Office. 

XI. Information Required from Other Investigators 

Information from other investigators is essential to the scientific 

meaningfulness of this project. In particular, close cooperation with 

Drs. Feder and Shaw is essential and cooperation with other chemistry, bio~ 

logy, and microbiology investigators highly desirable. We have good 

working relationships with all of these investigators. However, they all 

have their own programs to operate as first priority and close coordina-

tion can only be achieved at the OCSEAP management level. 

646 



XII. Quality Assurance Plans 

In the past, analyses of heavy metals in solution ang whole rock 

analyses have been monitored by NBS. Duplicates of approximately 10% of 

all such samples have been submitted to this agency as required by contract, 

to date, no data have been returned however. 

For some of the water analyses we have set up intra-laboratory 

calibration programs using fundamentally different instrumental techni

ques. The results of these have been given and discussed in the current 

Annual Report. 

During FY 78 mostly biota tissue will be analysed for which reaspn

ably good NBS standard reference material is available to monitor 

accuracy and precision of technique. A new NBS MytiZ.us standard is also 

being prepared. An inter-laboratory calibration program for the sedi

ment extracts will also be initiated. 

XIII. Special·Sample and Voucher Specimen Archival Plans 

Several years ago we proposed that sediment core and other samples 

be archived for future reference. This suggestion was not taken-up by 

OCSEAP. In the intervening years our available freezer capacity has 

allowed us to retain sample material for approximately six months only 

after initial analysis, hence,· we have no archived material on hand. 

It would be a simple matter to retain sub-samples of all material collec

ted in the future if the program management required this. 

XIV. Logistic Requirements 

I. Lower Cook Inlet 

Three cruises as specified by OCSEAP. 
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2. Beaufort Sea 

Logistic plans not determined. 

XV. Management Plan 

Technical management will be provided by the principal investigator. 

Fiscal and data management will be provided by the University of Alaska 

OCS Coordination Office. A milestone chart is attached. 

XVI. Outlook 

This project starting as a broad survey of the natural heavy metal 

contents of seawater, selected biota and sediments in the various 

Alaskan OCS areas. This phase of the work was largely completed last year 

and final baseline data will be submitted this contract period. We first 

proposed last year that the best future direction of the heavy metals 

program ~hould be towards an understanding of the dynamics of potentially 

toxic metals in the areas likely to be stressed by industrial development. 

This new focus - from baseline survey to transfer mechanisms and effects -

is reflected in the present project title. During FY 77 period, work 

was started on several specific study sites. Formal approvement for 

these was never officially received, however, and· FY 78 work will repre

sent the same type of work approach but in newly requested areas; primari~y 

in Lower Cook Inlet. The new dynamics emphasis necessitates primary 

focus on the biota. Water analysis will be deleted as a major component; 

sediment analysis will be strictly in support of the biology program, 

i.e., characterization of the benthic substrates. 

648 



The new approach of the heavy metals program is upon: 

1) Changes in bioavailability of heavy metals to benthic species (pre

dominantly intertidal as emphasized above) as a consequence of oil 

development impingement. 

2) Pathways and transfer efficiencies of mobilized heavy metals through 

selected food chains. In this respect most attentipn will be given 

to that portion of the food web involving human food species. 

3) Role of river bourne suspended sediment in interacting with, and 

transporting, heavy metals in the marine environment in the presence 

of industrial impact. 

The extent and emphasis of this program depends largely upon OCSEAP needs 

at any particular time, i.e., on the weight to be given to each particular 

lease area, and the time permitted for scientific study. As described in 

the proceedings of last year's specific study site workshop, each region of 

Alaska suggests emphasis on particular oceanographic processes or food webs. 
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R.U. 162 - FY 77 RESEARCH PROPOSAL 

Addition to Section X: Deliverable Products 

Tabular data will be supplied to the University of Alaska OCS Coordination 
Office on .a timely basis. 
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University of Alaska, Fairbanks 
Fairbanks, Alaska 99701 

Institute of Harine Science 

20 December 1977 

Dr. John Calder, Staff Chemist OCSEAP 
NOAA-ERL 
Boulqer, Colorado 80302 

Dear John: 

Please find ~ttached additional documentation for R.U. 162 FY 77 research 
proposal as requested in your letter of December 14. This material is, 
of course, presently quite unofficial but I am sending it to you now 
in case there is some urgency. Our OCS Coordination Office will prepare 
the final official modification document in the usual way but thi,s will 
take some time I imagine since it will necessitate, in turn, an official 
budget from San Diego S.U. 

I have not, at this stage, included an addition regarding digital data 
production since I am not entirely sure what you are asking. As I read 
it you require a duplication (verification) of the work presently done 
by our OCS Coordination Office Data Manager. Further, you want me per
sonally and not somebody in my lab to do this. If I have interpreted 
this correctly then I believe - and this is just a guesstimate - that 
about two weeks of time would be involved; possibly thre~ since it would 
necessitate learning the programs etc. I am not sure right now if I 
can allocate this amount of extra time in FY 7g but, assuming I can, the 
addition to the budget would be around $5-6,000; considerably less if 
you would allow one of my technicians to do it. Let me know what you 
want and I will incorporate it in the "official modification package". 

Have a good Christmas. 

Very sincerely, 

~~~~ 
------0::...~ l.) . 

D. C. Burrell 

DCB/sjc 

cc: Hadley, OCS Coordination Office 

enclosure 
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December 14, 1977 

Dr. David Burrell 
Institute of Marine Science 
Univ. of Alasl<a 
Fairbanks, AK 99701 

Dear Dave 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric .Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 
Boulder, Colorado 80302 

RU 162-· ~ 

Your revised renewal proposal for FY78 has·been reviewed by OCSEAP and found 
satistactory, with the following exceptions: 

1. A statement of justification for the purchase of capital equipment, 
especially the "sediment size analyzer~ is required. 

2. A budget breakdown for the subcontract to Weiss is required. 

3. Even though Hadley (RU350) may prepare digital data products, it. is 
your responsibility to provide tabular data on a timely basis and to 
verify the accuracy and completeness of digital data products. Please 
supply a statement indicating your assumption of this responsibility. 

to be 
Hith the above modifications, your proposal t.;rill be funded at a level ~~ 

determined. 

cc. Ray Hadley 
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1. Title: Shorebird Dependence on Arctic Littoral Habitats 
Research Unit #172 

Principal Investig~tor: Robert W. Risebrough 

Research Coordinator: Peter G. Connors 

Institution: The Regents of the University of California 

Date of Proposal: October 1, 1977- September 30, 1978 

Required Signatures 

' 
Name _)W~!=:~~~~~~~:f:_~Date ~~ :J' v-IJ , t't'11 
Address Marine Lab., Box Bodega Bay, CA 94923 
Telephone (707) 875-3511 

RequiredN:::ani~:; ~t Hand, Director--~~~~~~~~--
Address Bodega Marine Lab., Box 247, 
Telephone Number (707) 875-3511 

Institutional Official: August G. Hanza 

Name Date 
----~--------------Address Campus Research Office, Univ. California, Berkeley 

Telephone Number (415) 642-0120 
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3. Technical Proposal 

I. Title: Shorebird Dependence on Arctic Littoral Habitats 
Research Unit #1 72 
Contract Number #03-S-022-84 
Proposed Dates of Contract: October 1, 1977 to September 30, 

1978 

II. Principal Investigator: Robert W. Risebrough, Research Ecologist· 

III. Cost of Proposal: 

Total: $·65, 652 

Beaufort Sea SO%; Chukchi Sea SO% 

IV. Background: 

Before 197S, almost no quantitative information was available on 
the use of littoral areas by shorebirds in the Alaskan arctic, since prior 
work had concentrated on tundra breeding phenomena. Work in 197S-77 on 
this R.U. has documented normal dependencies of a wide variety of shore
birds on habitat features and prey items of Beaufort and Chukchi Sea 
littoral habitats. Year-to-year variability in abundance, timing, 
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 shorebird 
populations between Chukchi and Beaufort areas are also emerging. 

Work in FY 78 is programmed to focus on littoral zone use in 
artificially altered situations, such as the ARCO causeway in Prudhoe 
Bay and other disturbed sites in the Beaufort and Chukchi areas, and to 
expand the developing study of zooplankton occurrence and dynamics in 
relation to the critical use of this resource by migrating shorebirds, 
gulls and terns. These two areas of investigation emerged as critical 
informational needs at the OCSEAP Beaufort Synthesis Meeting in February 
1977. The zooplankton study will be intended to gather one additional 
season's data at selected sites, laying the groundwork for a more 
intensive study in FY 79. Important migratory population dynamics 
information will derive from complementary work at field sites on both 
Chukchi and Beaufort coasts. 
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V. Objectives: 

1. Determine seasonal use patterns of shorebirds, gulls and terns, 
by species and age ciass, in arctic littoral and nearshore 
habitats, with special· emphasis on altered habitats, coastal 
structures, and disturbed sites or several kinds, bearing on 
questions of OCS development effects~ 

2. Assess foraging habitat preferences, by species and age class, 
within altered. littoral zone areas as compared with undisturbed 
areas. 

3. Determine prey species taken by shorebirds in disturbed littoral 
areas; as compared·tonatural situations evaluated previously. 

4. From these information classes, assess the probable effects of 
disturbance and alterations associated with OCS development. 

~. .Expand the data base on variation in nearshore zooplankton 
densities and the relationship tomigratory bird use, preparing 
for an intensive study in FY.79. Previous studyhas identified 
this highly variable biological system, in a zone potentially 
susceptible to several effects of ocs development, to be 
·critical to ·many species. 

6. Continue att~mpts to identify critical areas with respect to 
migratory bird use on the Beaufort and Chukchi coasts. 

VI. General Strategy and Approach: 

The-general strategy will derive from the first three-seasons 
of RU 11172, combining int-ensive and extensive approaches· (ref. Risebrough 
and Connors, .OCSEAP annual reports, 1976 ·and 1977), but shift;ing the 
e~hasis in site selection .to areas with altered coastlines; coastal 
structures, and heayy levels of disturbance. At intensive· study areas, 
.regular sampling of establish~d transects throughout the seas·on .wiii 
deterniine seasonal patterns of bird use in a variety of habitats, and 
habitat _preferences and seasonal shifts by. species' age and sex class. 
These data will be supplemented with collection of birds· for stomach 
analysis, substrate sampling, and foraging observations to determine 
trophic relationships in disturbed and undisturbed areas. · Emphasis wl.ll 
be given to measurement of nearshore zooplankton densities at selected 
study sites, following up on indications in 75-76 of extreme variation 
in this. critical food source near Barrow. This is viewed as essential 
information in itself, a:s weil as a base for a more profitable intensive 
study in FY 79. 

Intensive site studies will be supplemented with brief visits to 
several other sites in Beaufort and Chukchi . coasts, where distribution 
and habitat preference information will be collected for comparison to 
the intensive si-te data. All of this information will be· synthesized to 
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assess th::.! dependence of shorebirds, gulls and terns on arctic littoral 
habitats and the probable effects on these speCies of coastal alterations 
which may ~trise from OCS development. 

VII. Scunpling ~.Iethods: 

At intensive study sites (see below), we will continue the suc
cessful transect census procedure established during the first years of 
this program. Transects \vil'l be marked along shorelines, on mudflats, 
and on saltmarsh flats, including the full range of littoral habitats 
represented at each site, with emphasis given to disturbed or altered 
habitats. Transects consist of either a single ro1v of adjacent 50 m 
square plots stretching along shorelines, usually' for 1 km, or an equal 
length of a double row of 50 m square plots on saltmarsh or mudflats. 
These will be censused regularly and repeatedly at intervals of 5 days 
or less throughout the period of study, recording all sightings by 
species, age, and sex, whenever possible. 

Habitats will be classified in general categories for each 
transect, permitting description of seasonal changes in bird habitat use. 
On a finer scale, a scheme of habitat classification paralJleters developed 
during 1976 will describe each 50 m plot, allowing comparison of habitat 
preferences between species ai1d in disturbed versus undistrubed habitats. 

At intensive sites, plankton sampling stations will be established 
(continued at Barrow) on ocean and lagoon shores, usually on bird census 
transects. At regular intervals during open water periods, plankton tows 
will be taken. During the first two seasons at Barrow we have developed 
a net design and a sampling method for quantitatively collecting 
zooplankton from surface waters (top 14 em) very close to shore (within 
2 m of the beach) since this is precisely the fraction of plankton most 
heavily used by phalaropes, gulls_and terns. These collections will 
permit comparison of prey conditions between disturbed and undisturbed 
sites, bet\owen different shores at one study site, and between years at 
continued sites, and can be compared with bird density data. Comparison 
of food densities betlveen disturbed and undisturbed sites is necessary to 
assess the effects of disturbance (or alteration) on bird use densities. 

It is not possible to select all ·study sites before completion of 
the present field season and assessment of 1977 results. Prudhoe Bay 
\vill certainly figure as a site (or series of sites); the ARCO cause\vay 
and other shoreline modifications will serve as excellent models of 
alterations which may accompany OCS development in the Arctic. 
Reconnaissance trips in 1977 will aid in planning for 1978. Sites may 
be selected in conjunction \vith the ecologic process study intensive site 
(RU #467). Studies will continue at Barrow, \'lith the advantage of three 
years comparative data and sites with different levels of human disturb
ance. Other sites Hill be chosen from among those occupied or identified 
as interesing in 1977 in Beaufort and Chukchi areas. 

At other sjtcs, subjected to brief visits principally during late 
summer wh.::n sho:relirw shorcb:l rd activity is grea.test, the marked trc.nsect 
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method is l:.;;::.s useful. Density esti1aates, by species, hill be made for 
liJwar distance;: of shoreline and for areas of mudflat for comparison to 
transect dat;t. Habitat use data \dll also be collected. 

Shorebirds foraging in disturbed littoral habitats >vill be 
collected for comparison of dietary information with that gathered in 
the first three seasons of this study, and plankton and substrate samples 
will be analyzed to compare selected prey \vith available potential prey. 
Replicate samples will be taken in most cases, but efforts here are 
limited by the time imrol ved in sorting and identification of inverte
brate samples. 

VIII. Analytical f-lethods: 

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 \vi th 
different transect habitat types will define the habitat use 
characteristics of all species measured and to help to evaluate the 
dependence of shorebird species on particular littoral habitats. See 
annual reports for analysis of 1975 and 1976 data. 

IX. Anticipated Problems: 

Only logistics considerations, discussed in section XIV, present 
major difficulties. 

X. Deliverable Products: 

A. Digital Data 

1. (a) For each transect: location, date, time, length, ice 
cover, temperature, wind direction and velocity, cloud 
cover, weather type, visibility. 

(b) For each bird sighting: specie~, age, sex, number, 
activity, transect plot. 

(c) For each bird stomach: species, age, sex, fat 
condition, weight, date, location, contents by species 
and material codes. 

2. Date Products Schedule 

(see page 7) 
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Data Products Schedule 

Data Type Media Estimated Processing and Collection 
(i.e. Intertidal, (Cards, coding Volume Formatting done Period 
Benthic Organisms, sheets, tapes, (Volume of by p. I. (Month/Year to Submission 

etc.) disks) processed data) (Yes or No) Month/Year) (~!e>nth/Year) 

0'\ 
C)\ 

Bird Transect Census 7500 cards Yes- OS. 11 June 78-Sept. 78 Jan. 79 .!::'- tape 

Stomach contents tape 200 cards Yes June 78-Sept. 78 Jan. 79 



B. Narrat i.ve Reports 

Periodic results and progress reporting, as prescribed. 
Specifically, this project will report on analysis of differences 
in shoreline habitat use between natural and artificially altered 
sites, temporal and spatial variability in prey densities and 
bird densities, and allocations of feeding and other activities 
within habitat types. Critical or high density use areas will 
be documented and placed in context. 

C. Visual Data 

~1aps, overlays, charts, and diagrams as required to illustrate 
habitat dependency and use patterns to predict effects of OCS 
related events on littoral and nearshore zones. 

D. Other Data 

None anticipated. 

E. Data Submission Schedule 

See Data Products Schedule, page 7. 

XI. Information from Other Investigators: 

None required. However, the annual report from RU #3/4 will be 
helpful in planning site selection when it becomes available, and any 
plans for offshore zooplm1kton sampling which may be compared with our 
shoreline· results will be useful. We have initiated contacts \vith Dr. 
Rita Horner concerning this. Results from RU #467 for 1977 and plans 
for 1978 will also be considered) (\.~:. ""' ~ \l RU... tt 3!)b, 

XII. Quality Assurance: 

Almost all data will be direct counts, requiring no calibration. 
Periodically, census. estimates of dense flocks of birds will be 
compared between observers. 

XIII. Specimen Archival Plans: 

Bird museum specimens lvill be submitted to the t.luseum of 
Vertebrate Zoology, University of California, Berkeley. Invertebrate 
samples will be stored at the Bodega Marine Laboratory, Bodega Bay, 
California. 
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XIV. Logistics f~~;\l'-d_;:·ements: 

Because final planning for the 1978 field season, espec Lally 
with respect to study sites in the Prudhoe Bay area and the Kotzebue 
Sound region, must await the interpretation of 1977 field season results 
and reconnaissance trips, precise details concerning logistics for these 
operations cannot be specified at present. l~e have discussed these 
problems with Dr. David Norton and Mr. Ted Flesher of the Arctic 
Project Office and will follow their suggestions in this discussion. 

In particular, the present cost of subsistence support at most 
Prudhoe Bay camps is at least $100 per person/day, and \ve will use this 
figure to establish a maximum cost. We are anxious to find a more 
efficient solution, hmvever. (as, for example, transport of a camper
trailer rented in Fairbanks) and will continue to investigate 
alternatives. 

For the 1977 field season logistics budgets for NARL-Barrow and 
\~ales-Kotzebue were handled separately to relieve the Arctic Project 
Office logistics coordinator of some of the burdens of field planning 
for Wales-Kotzebue. Since this arrangement has been successful, we 
separate here the costs for three areas of operation: NARL, Kotzebue, 
and Prudhoe Bay. Actual disposition of funds for these requirements can 
then be determined to maximize efficiency of logistics coordination by 
OCSEAP personnel. 

A. Ship Support: None 

B. Aircraft Support - Fixed Wing: 

1. NARL: Approximately 26 hours of Cessna 180 flights 
between Barrmv and Lonely, Oliktok, Peard Bay, 
Wainwright, and Icy Cape. To be scheduled during the 
field season·, mainly during August. To carry 1 or 2 
persons plus 150 lb camping and scientific gear. 
Cost: $2210 @ $85 per hour. 

2. Kotzebue area: Principal source for charter flights 
will probably again be Baker Aviation. Flights from 
May 20 to September 20. 

Actual sites for field work will be determined after the 
1977 season. We estimate needs for 1978 at approximately 
half the 1977 flights: 

a) Cessna 206, 50 hours @ $110 per hour; 
b) Commercial flights, Kotzebue to Barrow or Prudhoe Bay: 

4 round trips, $1200. 

Total cost: $6700. 

3. Prudhoe Bay area: 

a) Occasional short local flights: Cessna 180 or 
equivalent, 8 hours @ $100 per hour; 
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b) Corm:1ercial flights P nlclhoe Bay to Barrow: 6 round 
trips, $800. 

Total cost: $1600. 

C. Aircraft Support - Helicopter: None 

D. Quarters and Subsistence Support 

1. Requirements: 

Barrow: July 1-Sept. 15; 140 person days total; maximum 
3 persons 

Icy Cape, Wainwright, Peard Bay, Lonely, Oliktok: Aug. 1-
Aug. 30; 30 person days total; maximum 2 persons 

Kotzebue city: May 20-Sept. 21; 30 person days total; 
maximum 3 persons 

Kotzebue area study sites: May 31-Sept. 20; 240 person 
days total; maximum 3 persons 

Prudhoe Bay study sites: June 1-Sept. 15; 220 person 
days total; maximum 3 persons 

2. Sources: 

Barrow: NARL 
Kotzebue study sites: tent camping 
Prudhoe Bay, other sites: no recommendation 

3. Cost: 

BarroH: NARL proposed rate $79 per person day, total 
$11060 

Kotzebue city, Wren Hotel: $40 per day, total $1200 
Kotzebue study sites: estimated cost for food, $15 per 

person day, total $3600. Camp costs discussed 
in next section. 

Prudhoe Bay: See note at beginning of logistics section. 
We use here the present commercial camp rate of 
$100 per day, but hope to find a less expensive 
alternative. Maximum total $22000. 

E. Special Logistics Problems 

1. NARL: Small laboratory, 80 days @ $5 per day ~ $400. 
Vehicle rental, shop, storeroom charges = $600. 

(\Ve assume the OCS 3-wheelers will again be available 
for ourproject.) 

2. Kotzebue area: Most necessary camp equipment was 
purchased for the 1977 season. Costs of replacement or 
repair of tents, furniture, tools, batteries is 
cstirnatcd at: $500. 

667 

10 



XV. 

Fuel for stove, heater, lamps, 3-wheeler $600. 
Purchase of CB radio, batteries, antenna, for 

communication $250. 

3. Prudhoe Bay: We will require regular use of a pickup 
truck and/or Honda 3-Hheeler. In the hopes that OCS 
may have these vehicles available, we do not specifically 
budget for them. Rental of trucks in Prudhoe Bay in 
1977 is exorbitant ($200 per day at one source). 

We will afso need a boat, ideally a Zodiac, with motor. 
If not available, we would need to purchase one, which 
could also be used for FY 79 plankton studies. 
Estimate = $4000. Fuel for all vehicles, local supplies 
and repair $1000. 

Total logists costs: 

NARL: 
Kotzebue area: 
Prudhoe Bay area: 

Total: 

$14,270 
12,850 
28,600 (maximum) 

$55,720. 

~fanagement of this project for FY 1977 will proceed as it has 
for FY 1975 and 1976. Budgetary matters will be managed, in consulta
tion \'lith 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/milestone chart on page 12, 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, 1978, 
since the field season ends in late September. Anticipated expenditures 
for these tasks are included within the budget. 

XVI. Outlook: 

TI1e effort planned for FY 78 with respect to zooplankton 
sampling and corresponding density measurements of birds depending on 
zooplankton is seen as laying the groundwork for a more focused 
investigation of this subject in FY 79. A better understanding of the 
BeaufoTt-Chukchi shoreline zooplankton resource and the relationship of 
several species of shorebirds, gulls and terns to this highly variable 
resource emerged as a critical need at the Beaufort Synthes Meeting 
in FebruaTy 1977. To tmderstand this complex system, information for 
multiple seasons is required. 1978 will mark the fourth season of 
comparable data on Barrow transects. An intensive zooplankton-bil·d 
study utilizing this and other site data Hill provide information on: 
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1) range! of between-year vaxbbility in zooplankto11 and birds; 

2) variability between sites, over small and large scales; 

3) plankton density relationship with depth, distance from shore, 
shoreline physical features; 

4) potential causes of variation in plankton; 

5) responses of birds to variability of plankton. 

From these classes of information, an understanding of the population 
dynamics of nearshore zooplankton, the flexibility and degree of 
dependence of birds on this resource, and an assessment of the effects 
on bird populations of poten~ial changes in zooplankton densities which 
may be associated lvith different OCS oil development disturbances. 

It is hoped these results might be achieved in FY 79; hmvever, 
it is the nature of these investigations that results are not wholly 
predictable. 

Cost, if geographic extensiveness is not required by FY 78 
results, should be under $60,000. Logistics requirements should be 
similar to FY 77 and FY 78. 

XVII. 

1. Updated Activity/Milestone/Data Management Charts will be submitted 
qu2.rterly. 

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 Fina~ Report will 
be submitted within 90 days of the termination of the contract. 

3. Where biota are concerned, all species and higher categories lvi ll 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. 
Vouchering \vil1 include life history stages (e.g., larvae, juveniles, 
adults) vihen these are used, and sexes where these are morphologic
ally distinguishable. 

4. At the option of the Project Office the P.I. is prepared to travel 
to the Project Office at least t\ol'ice during the contract year to 
revieH 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 be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation fonn (NOA1\ 24-13). 
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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 requirements (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. 

9. Three (3) ·copies 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 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 follow
ing standard acknowledgement is acceptable. 

"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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TECHNICAL PROPOSAL 

I. Study of Microbial Activity and Crude Oil-Nicrobial· Interactions 
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IV. Background: 

During the recent OCSEAP sponsored synthesis meetings held in Bar-row 
and Fairbanks, AK, it '\vas recom,nended that microbial studies be continued 
to fill the gaps in the data that currently exist; In both geographical 
areas of study (Beaufort Sea and Co~k Inlet) the~e is insufficient data 
on the rates· of crude oil biodegradation in water, sediment, ~nd in ice. 
Also lacking is information on the effects of crude oil on microbial 
functions throughout the en.virOiuueat. Gaps in the data '\·:ere also shmm 
to exist in relation to the levels of relative microbial activity and 
microbial distribution patterns from both temporal and spacial viet-:points. 
The coordinated research effort by Dr. Atlas and his associates (RU029) 
and our group is designed to supply much of this information in the 
Beaufort Sea and Cook Inlet. 

Lower Cook Inlet: The proposed study is a continuation of our 
current research efforts. in this geographical area \vhich was initiated 
during the current fiscal year (FY77). Todate, we have collected data 
on microbial activity and respiration (mineralization) characteristics 
in the sea Hater and sediment samples taken in the Lmver Cook Inlet. 
The field studies were conducted during two cruises·in this region 
(Ocrober, 1976 and April, 1977). We propose that collection of this type 
of data be expanded both seasonally and geographically. 

During the last cruise in this region, we \·Jere able to shmv 
that the characteristic patterns of microbial activity, distribution, 
and respiration in the LoHer Cook Inlet were greatly affected by forces 
originating outside of the region. The dynamics of microbial~ 
function in the Lower Cook Inlet would not have been -revealed if 
we had only taken samples in that region. Sufficient stations outside 
the Lower Cook Inlet provided data so that we could interpret our data 
correctly. 

Our data fr6m this region in~icate that there are two distinct 
water masses in the Cook Inlet; one to the north that i\ very turbid and 
of relatively low salinity and one to the south and southeast Hhich is 
more typical of open ocean '\vater. He have found that both of these 
\vater masses have characteristic patterns of microbial activity and 
respiration. Glutamic acid uptake studies in surface \.:raters have shm·:n 
that the relative microbial activity is very high and the respiration 
percentages are very lmv in the northern water mass. The reverse 
pattern is seen in the ,,,ater mass to the south. Intermediate values 
\vere observed in regioas \vhere these t•.;o ,.,.ater masses meet in the area 
to the north and east of Augustine Island. This is the same region in 
Hhich a gyre has been observed by other investigators. In general, the 
patt~rns of surface water microbial activity and respiration reflect the 
net surface circulation patterns reported by Hiller and Allen (RU {'436), 
Environmental Assessment of the Alaskan Continental Shelf, Oct.-Dec., 
1976 Principal Investigators' Reports, Vol. 3, Page 782. 
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~e also discovered that there was a good correlation between ~urface 
water turbidity and microbial activity. It is curious that the most 
active waters studied -v1ere in the north Hhere very little primary 
productivity is taking place. This suggests that the primary energy 
source for heterotrophic bacteria in these tvaters comes from nutrients 
originating from the landmass. 

~·!e were curious as to \vhere this highly active suspended matter 
found in the northern tvater mass settles. An analysis of microbial activity 
in the Cook Inlet sediments indicate that little of this material settles out 
into the sediments in this area but rather is deposited in the sediments 
of the Shelikof Strait. The high microbial activity in sediments of the 
Shelikof Strait undoubtedly is ve~; important to the whole food chain 
in this region. If the studies of crude oil-suspended matter interactions 
currently being conducted by Drs. Joel Cline and Richard Feely (Pi:IEL) 
shmv that significant quantities of crude oil can become associated with 
these particles, it is quite likely that crude oil would be introduced into 
these very active sediments of the Shelikof Strait. 

These data suggest that microbial events in the Lower Cook Inlet 
may be affected by events taking place in the north end of Cook Inlet. 
Also to be considered are the effects of these events in the Lotver Cook 
Inlet on areas well to the south of the Cook Inlet. Our data suggests 
that materials originating from the Cook Inlet may be deposited in the 
sediments of the Shelikof Strait. He are thus suggesting that our 
sampling area be officially expanded to include the area from East Foreland 
in the Cook Inlet to the Shelikof Strait and areas south and east of the 
Kennedy entrance. This would require that our usual cruis~ tiwe at 
sea in this region be increased from about 10-13 days to about 20 days. 

The data from these studies should be of interest to tl1e benthic 
ecologists because levels of microbial activity in the sediments should 
indirectly indicate the amount of food available to organisms at higher 
trophic levels. If, in the case of sediments in the Shelikof Strait, 
the microbial activity is very high and there is a possibility of crude 
oil contamination in these sediments, the potential effects on benthic 
organisms could be profound. Microbial data from these areas should 
also be of interest to those studying the hydl-ography of this region 
as t·.TEdl. The levels of microbial activity and their functional 
characteristics could be an aid in identifying specific \·later masses in 
this regioi1. A similar statement could be made for those studying 
sedimentation in this area. 

The nitrogen budget in any marine system can play a key role in 
the function of all organisms in the area. Virti.1ally nothing :is 
knot-m about the nitrogen cycle in the Lot.Jer Cook Inlet. During our last 
cruise in the Cook Inlet, rates of nitrogen fixation were measu~ed in 
all sediment samples collected. The rates observed t·rere loH by terrestrial 
standards but could be significant in the marine environment. The estimated 
annual rate of nitr~gen fixed in the sediments of Kachemak Bay, for 
example, was 2 x 10 kg. If all this fixed nitrogen was utilized by the 
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bacteria in the sediments to generate biomass, this ·1 .. muld represeat roughly 
400 tons of bacteria; a significant imput of biomass for utilization at 
higher trophic levels. Although it >Vris not measured, it is quite 
likely that nitrogen fixation by bacteria in the guts of detritus feeders 
may contribute a much greater.amount-of fixed nitrogen to the overall 
system. 

The entire nitrogen cycle is n very complex one as far as microbial 
involvement is concerned. An alteration to any one reaction could ·have 
profound effects on any number of processes. If the dynamics of the entire 
system is to be fully understood, it 'tvould take the full energies of both 
Dr. Atlas' group (RU #29) and ours. For practical reasons, the scope 
of the study must be restricted to. the major imput and output portions 
of the nitrogen cycle and to the degree to Hhich they are affected by 
crude oil. He propose that our group study the nitrogen fixation imput 
and that Dr. Atlas and his associates study the major dentrification 
output. 

One of the major cuestions \vhich went largely unans•vered 
during the last series of synthesis meetings in Alaska \vas, what are the 

rates of crude oil biodegradation in the waters and sediments of 
the regions stud.ied? This is a very difficult rate to estimate for a 
nlli~ber of reasons. At least four types of substrates would be involved 
to varying degrees; the seawater, the sea ice, the sediments and the 
beaches. ·A large number of factors are knmm to effect rates of bio
degradation. The chemical c~mposition of the menstruum, the temperature, 
crude oil compo,sition and the degree of \•Jeathering it has undergone, the. 
types of bacteria present, and the oxygen concentration are among the 
most important. Three basic approaches can be taken to make estimates 
of these rates: field studies in \·lhich a controlled oil spill is monitored 
over an extended period of time, field and laboratory experiments in 
v1hich natural sample and crude oil interactions are observed in vitro 
under simulated in situ conditions, and laboratory studies using pure 
strains of bacteria isolated from the region being studied and their 
interactions with both crude oil and pure hydrocarbons. 

Of the three approaches, the first would give the best information about 
crude oil degradation for a specific type of crude oil in a given location 
under specific environmental conditions. There are, hoHever, tuo major 
dra•vbacks; there 't.;rould be no inforr:tation about ho>:.;r representative the 
rates >·JOuld be for other conditions and it \Wuld require extensive field 
studies requiring input from investigators of various disciplines. A 
limited stuqy of this nature Hill be recormnended in this proposal for 
a sediment study in the Beaufort Sea, Due to the relative stability of 
sediments, this is one of the easiest substrates to study. In situ 
studies of crude oil degradatj .~n rates in -.;.;rater would best be "accomplished 
by studying sea-.;.;rater contained in large plastic enclosures similar to that 
used in the CEPEX project. Such a project -.;.;ould require a massive support 
and is -.;.rell beyond the scope of this proposal. Similar types of data 
might be obtained by studying accidental oil spills but current funding 
levels do not permit our involvement in such studies. 
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The second approach to studying microbial-crude oil interactions 
involves in vitro studies of natural samples under simulated in situ 
conditionZ Such an approach has been taken by Dr. Atlas in his-~rude oil 
biodegradation potential" experiments. \{e are attempting to find a means 
of measuring relative microbial activity using a specific substrate >vhich 
"'ould give a rapid estin1ation of the same parameter. If such a substrate 
could be found, estimates of crude oil biodegradation potent~als could be 
made in a matter of hours rather than in the 4 to 6 veeks nm·l required 
in the ll•c.:-spiked crude oil technique. As the system is better understood, 
these types of data could be a valuable supplement to Dr. Atlas' method. 

The third approach involves measurements of crude oil and/or pure 
hydrocarbon degradation by pure strains of bacteria isolated from the 
area under study. This type of study provides the investigator the greatest 
control over the conditions of the experiment and has the greatest potentia.l 
for producing the best basic information \vhich can be applied to the greatest 
number of conditions. The greatest drm.;back to this approach is to determine 
if the conditions and bacterial strains used in the laboratory are the same 
as those found in the field. This is a difficult task at best \vben only 
one compound is involved but \vhen the substance to be. studied is as 
complex as crude oil, with many hundreds of compounds, the task is particularly 
difficult. This task is also difficult because many different microbial 
populations are probably involved in the natur.;tl biodegradation 
process. The problem is further complicated by the fact that the rates of 
grm.;th on hydrocarbons and of hydrocarbon utilization by marine bacteria 
at the temperatures found in this region appear thus far to be very lm-1. 
This means that experiments conducted on these organisms often take 1n;~eks. 
He have attempted to initiate experiments on the physiology of. hydrocarbon 
utilizing bacteria t·lhich grm.; at low temperatures as it applies to crude 
oil degradation. Due in part to the slmv grot·7th of these organisms 
and due to the lack of funding to hire the required personnel, little 
progress has been made to date on these studies. 

Regardless of the method used to study the rates of hydrocarbon 
biodegradation, the rates can only be estimates of what might occur in nature.· 

Beaufort Sea: During the summers of 1975 and 1976 and the >·linter of 
1976, we were involved in a joint study of microbial function in the Beaufort 
Sea with Dr. Atlas and his associates. During this period, v;e studied 
relative microbial activity and bacterial concentrations in the inshore 
areas near Barrm.; and Prudhoe Bay, Alaska. We also participated in the 
August/September cruise of the Glacier during which we analyzed t.;ater, 
ice and sediment samples collected at stations located between Barrot·l 
and Purdhoe Bay. At present there is no similar data available for the 
area to the east of Prudhoe Bay. He are proposing that· \ve pax:.ticipate 
in the August, 1978 Glacier cruise which is planned to cover stations 
in this region. As has been the case in the past, \.:e will coordinate. our 
studies with those of Dr. Atlas. 

During the February, 1977 synthesis meeting in Barrow, AK, it was 
reported that buried pipelines might be used to transport crude oil from 
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offshore platforms to pumping facilities on shore. If this mode of 
transport was utilized, the possibility exists for a pipeline break 
which vould inject un"lve.athered crude oil directly into the sediments. 
It was suggested that if such a break did occur, the crude oil might 
rcrnain in the sediments for extended periods of time acting as a chronic 
source of pallutants. It was also suggested that a study be initiated 
to determine the microbial-crude oil interactions that might occur under 
these conditions. He are proposing that such a study be made -;.;ith 
both groups \Wrking on various aspects of the problem. 
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V. Objectives: 

A. Cook Inlet 

1. .To continue studies of relative microbial activity and 
respiration ratios in natural microbial populations found in water 
and sediment samples. The samples \·7ill be taken in such: a \vay 
as to characterize these parameters both geographically and temporally. 
These studies lvill fill some of the data gaps which still exist 
from past studies in this region. Areas which are shown to have 
particularly high activity should be those :.;itJ "tvhich crude oil •-Jill 
be degraded at higher rates. These areas probably support.the 
highest overall biological activity and as such may be the areas 
which lvill be most affected by. the presence of crude oil. These 
data may also be used in the future to estimate the degree of 
purturbation caused by chronic crude oil input. · 

Characterization of water masses using microbial parameters 
might also be useful in follmoling net water mass flmvs "t·Tithin the inlet. 

2. To evaluate the extent of nitrogen fixation in the sediments 
and gut contents of animals found in this region and to determine 
\vhat, if any, effect crude oil might have on this process. Signific.. t 
impact on function of any process in the nitrogen cycle could have 
a profound effect on all trophic levels in the Cook Inlet. 

3. To evaluate techniques >vhich might be used to determine crude 
oil degradation in sediments. 

4. To provide nutrient data on all water and sediment samples taken 
by both microbiological groups. These data are important in 
evaluating other data collected by us; espectally data on N

2 
fixation 

and denitrification. 

B. Beaufort Sea 

1. To obtain information about the effects on the natural 
microflora of adding crude oil to sediments. These studies will 
include crude oil effects on microbial function as measured by 
uptake and respiration characteristics using several labeled 
compounds. They will also include the study of nitrogen fixation 
and the effects of crude oil on this parameter. These studies are 
designed to simulate the introduction of crude oil into the 
sediments by buried pipeline breaks similar to those discuss<:i 
during the February synthesis meeting held in Barrmv, AK., 

2. To continue collecting data on relative microbial activity and 
respiration percentages in this region during the August-September, 1978 
Glacier cruise in this region. Nitrogen fixation rates will also 
be estimated in sediment samples collected at the same time. 
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3. To provide nutrient data on all 'Hater and sediment sar:r;>les 
collcctedby both Dr. Atlas and ourselves. 

4. To estimate the effects of crude oil on natural microbial populations 
which undergo osmotic stres$ during freezing and thawing. 

C. General 

1. To coordinate our sampling efforts and experimeutat'ion 'Hith 
that of Dr. Atlas and his associates at the. University of Louisville. 
This will minimize duplication of effort and maximize the usefulness 
of the resulting data. 

2. To continue our laboratory studies at Oregon State University 
on the effects of crude oil on nitrogen fixation in marine sediments. 
He also plan to study crude oil degradation by bacteria isolated 
from the Beaufort Sea and the Cook Inlet. 

VI. General strategy and approach. 

A. . Cook Inlet 

l-Ie \vill participate in tt-m cruises in this area during FY7 8. The 
basic approach and experimental design used w·ill be essentially the 
same as that used during our last tt-lo cruises. The major changes 
would be in the emphasis on nitrogen fixation in the sedinents and 
animal gut contents and the expansion of geographical area studied. 
For the reasons mentioned in the "Background" section, t.ve: feel that 
the geographical area studied should be expanded from the current 
coverage. 

B. Beaufort Sea 

The effects of crude oil on the natural microflora in Barine 
sediments 'H'ill be made in conjunction with a series of experiments 
currently unden.;ray. The approach used is to remove marine sediment 
samples from Elson Lagoon near Barrow, .AK and mix these sa-:-1ples vith 
Prudhoe Bay crude oil. These samples are then placed into plexiglass 
trays tvhich are then placed on the bottom of Elson Lagoon by divers~ 
These trays are to be sampled at the start of the experiment and t\.;o 
other times during FY78. One of the sampling periods tvould be 
conducted just before or just after the Glacier cruise in August
September, 1978. The other sampling period -.;.:;ill· take place before 
the spring breakup in Nay. · 

Studies on the effects of crude oil on microorganisms undergoing 
osmotic shock during the freezing and thmving periods of seat.:ater -.;.;rill be 
made during the above mentioned field trips. 

Relativ'e microbial activity and nitrogen fixation in the Hater 
and sediments of the Beaufort Sea tvill be made in the same way as 't.:e 
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VII. 

VIII. 

IX. 

have done in the past. Hhen possible, \·Je will resample stations that we 
occupied during the September, 1976 Glacier cruise •. Nost of our 
sampling effort, ho\.:ever, Hill be directed in areas to the east of Prudhoe 
Bay that were not sampled during the last cruise in this region. 
As of now, we do not have any data on microbial functions, population, 
etc., in the area between Prudhoe Bay and Barter Island. 

c. Laboratory studies 

By analyzing the effects of crude oil_9f.l pure strains of marine. 
Arctic nitrogen fixing bacteria, \W will be: -able to estimate \vhat 
potential effects crude oil might have on the growth of these organisms, 
the production of nitrogenase and the activity of nitrogenase present. 
These data will _give use an idea of hm·l the introduction of crude oil 
into the guts of animals and into sediments might effect this' 
potentially critical microbial function in the Arctic and Subarctic 
marine systems. 

lve will continue our efforts to isolate crude oil oxidizing 
bacteria from sediments of the Cook Inlet and to·continue physiological 
studies on these isolates. From these experiments, we •dll establish 
rates of hydrocarbon utilization \vhich should give an estimate of 
crude oil degradation rates under in situ conditions. 

Sampling methods: 

In general, the sampling techniques \ve will use are.:the same as 
those \ve have used in the past and are outlined in detail in our last 
annual report. The only ne\v procedure to be used \vill be the introduction 
of sediment-crude oil mixtures in plexiglass trays into the sediments 
of Elson Lagoon near Pt. Barrow. A series of replicate samples will 
be removed for analysis at the times indicated under section VI. 

Analytical methods: 

In general, the same analytical methods •.rill be used that \.;'e 
have used in the past; these are outlined in our last annual and 
quarterly reports. 

Anticipated Problems: 

Judging from our past experience, there should be n6 difficulty 
in obtaining field data from the Cook Inlet area. Sampling offshore 
stations from some of the larger NOtu\ ships in these relatively 
protected waters bas not been difficult except in areas which arc 
shallmv enough to require small boat operations. \\fe have experienced 
some difficulty, however, in sampling shore stations from small 
boats mainly due to ·\veather limitation. 
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Working in the Beaufort Sea is another situation entirely. Due 
to \veather and ice conditions, this has traditionally been a very 
difficult area in vJhich to conduct research. These problems coupled 
\vith the difficulty in finding a suitable sampling platform, have made 
working in this area difficult and frustrating. It must be understood 
that due to these problems, not all of our objectives in the region inay 
be realized. 

He have also encountered difficulties in our laboratory studies 
on crude oil and pure hydrocarbon degradation by bacterial isolates. 
These problems have been caused to a great degree by t-,;.m factors. As 
a group, these organisms grow very slowly on"media in -,;,;-hich crude 
oil is the sole energy source; 6 to 8 \·leeks incubation time is usually 
required for visible colony formation to occur on crude oil agar 
plates. Also, to date, all pure strains that we have isolated utilize 
l4c labeled crude oil at very lmv rates; often requiring 4 to 6 weeks 
to show high enough activities above background to be counted. 
These factors, along with the lack of sufficient personnel to conduct 
these studies, have resulted in dissapointing results to date. l·le have 
contacted the Juneau Project Office about this matter and they have 
made a request on our behalf to obtain funds- to enable us to hire an 
additional technician. The salary for this individual has also been 
included in the budget of this proposal. 

X. Deliberable products: 

A. Digital data 

1. We have made arrangements through the Juneau Project Office to 
incorporate our data into the data base at NIH through Dr. Krichevsky 
(RU D371). At the present time, Dr. Atlas (RU #29/30) has utilized 
this facility to analyze the data he has generated and has found this 
system satisfactory. This will insure that all microbiological data 
is located at the same place and will be available for future analytical 
work. 

2. The format to be submitted -y7ill include the follmving information: 
station and sample nlli~hers, time and date of sampling, station location, 
relative microbial activity as measured by uptake of both glutamic acid 
and glucose at one concentration, respiration percentages for both 
glutamic acid and glucose, nitrogen fixation rates in all sedioents, 
depth of the water column at each station, the temperature and salinity 
at the surface and near the bottom at all stations, and all nutrient 
data. 

B. Narrative reports 

No special narrative reports are anticipated. l·!e '"ill. qmt._inue 
including all data collected in the field and in the laboratory 
in our quarterly and ~nnue.l reports. The format used in reporting these 
data \..rill be approximately the same as that used in the past. In addition 
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to the types of data that have been reported in the.past, the following 
data \dll also be included in narrative reports: the effects of crude oil 
on nitrogen fixation and on relative microbial activity in sediments. 

C. Visual data 

m1enever data is best illustrated in graph or chart.· fom, these Hill 
be used and included in our regular reports. 

D. Other non-digital data 

None anticipated 

E. Data submission schedule 

All data will be reported in our r~gular reports as soon as it is 
practical. In most cases, two months are required to complete our 
calculations after the end of a cruise. 

XI. Information required from other investigators 

It has become evident from some or our recent \vork that tPo types 
of data could be very helpful in interpreting our data. Our \vork in the 
Cook Inlet has shown that infor.:~.ation about currents and \•Tater mass 
movement in the area of study can be very helpful. 've have obtained 
some of this information on the Cook Inlet area through the quarterly 
reports but we could use more information about these processes particularly 
in the Beaufort Sea. 

After meeting with the benthic ecologists at the NEGOA synthesis 
meeting this Hinter, it became evident that coordination bet\veen our 
groups could be helpful. As data on the benthic communities becomes 
available from the work of Dr. Hmvard Feder (Cook Inlet) and Dr. 
AndreH Carey (Beaufort Sea), Hill be using these data as a base 
for comparison with our data on relative microbial activity in 
the sediment. 

Throughout this study, \ve have been Harking closely Hith 
Dr. Atlas and his associates and we will continue to do so in the 
future. He are continually comparing their data Hith ours and 
Hill continue to do so in the future. During all cruises, we Hill 
require salinity and temperature data, \.Jater depth, and position 
data for all stations taken. 

XII. Quality assurance plans: 

The techniques that we Hill be using will not require inter
comparison; hm.;ever, we \vill use standard methods for calibrating our 
m..rn equipment and \ve \vill run the necessary controls to insure the 

·validity of our observations. 
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XIII. Special sample archival plans: 

Does not apply to our study. 

XIV. Logistics requirements: 

See attached sheet. 

X:'i.r. Management plan: 

}..'VI. 

Dr •. 'Horita ·will oversee the total project. Dr. Griffiths will 
be responsible for conducting all field and laboratory work. See 
data managem-ent chart for details on data completion goals. 

Outlook: 

The following ultimate goals should eventually be realized to 
insure that sufficient information about crude oil-microbial inter
actions are available as a data base from ~.;rhich informed managerial 
decisions can be made. 

a. Data on the rates of key microbial reactions in ~:.;rater 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 
to impact by crude oi.l production. Examples of such areas that 
have already been identified are the areas to the west. of Kayak 
Island in NEGOA and the region of the "null zone" in tne center of 
the Lm..rer Cook Inlet. 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 commerical value, can be properly assessed. 

b. 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. At the present 
time, ~.;re are looking at the potential effects of crude oil· on the 
nitrogen fixation process. Other aspects of the nitrogen cycle 
should also be studied. \\e have _looked at the short term effects 
of crude Qil on the uptake and respiration of three corupounds. These 
studies should also be expanded to include other heterotrophic 
functions. 

c. At the present time, we have very little information on in 
situ rates of crude oil biodegradation in the Arctic marine environment. 
Hark must continue on all three levels of investigation as outlined 
in section IV. Ultir:wtely a major cmmnitment \..rill have to be made 
to establish a long term field study to measure actual in situ 
rates of crude oil degradation in the Gulf of Alaska-Bering Sea region. 
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This study \·muld involve a continued monitoring of all relevant 
chemical, physical and biological parameters in a contained spill 
situation. This would involve establishing a field laboratory from 
'~"hich investigators from several different disciplines could make 
continuous measurements for up to a year or more. Once the experiment 
was initiated, routine measurements would be made by fulltime 
technicians living at the facility. 

Goal "a" above could be achieved using the same approach 
that we are currently using in our field studies. The paranenters 
to be studied 't·muld be much the same as those currently being measured 
subject to change as 't-Ie learn more about the 'microbial processes 
involved. These studies will not require any major ne'tv equipment. 
However, the same type of logistical support that we currently have 
'tiTOtlld be required as \vell as the budget requested in this proposal. 
This effort should be continued for the 'life of the. program \·lith 
area emphasis shifting as other critical areas are identified and 
new lease sites are added to the schedule. The data generated from 
these studies 'tvould be about the same as are currently being produce.d. 

Goal "b" above will be acheived in part by continuing our current 
studies. At the end of FY78, we should have a relatively good 
assessment as to how the presence of crude oil affects nitrogen fixation 
in sediments of the Beaufort Sea and Cook Inlet. In addition, we 
should have information on hmv crude oil affects the same process 
in the gut contents of several different organisms. During FY79, 
the of crude oil on other aspects of the nitrogen cycle 
should be initiated. 

At the end of FY78, \Je 't·lill have some. preliminary data on the 
effects of crude oil on chitinase activity in marine bacteria. These 
studies \vould be continued through FY79. 

The acute effects of crude oil on glutamic acid uptake by natural 
microbial populations in Beaufort Sea and Cook Inlet sediments 't·lill 
be studied during FY78. These studies should be expanded to include 
different types of compounds in subsequent years. The term 
effects of crude oil in sediments Hill be conducted during FY78 
in the Beaufort Sea. If the results of these studies 'tVarrants it, 
these studies may be extended into FY79. This program should actually 
be expanded in FY79 to include a ne,·T series of experiments on a 
larger scale Hhich 't·TOuld more closely simulate an actual buried 
pipeline release of crude oil directly into the sediments. The 
sedi1::ents in this experiment would be monitored into r'Y80. A 
similar type of project should be initiated in the Cook Iplet area 
during FY79. The resulting data fro~ these studies \Wuld. essentially 
be the same as those described for our crude oil-sediment study, to 
be initiated this year in the Beaufort Sea. As \·le learn more~ alwut 
crude oil-microbial interactions, other parameters would be measured 
as well. If such a study was initiated in the Cook Inlet area, we 
\VOuld need laboratory spac..:: at a permanent laboratory facility. 
If this work was conducted at the same time as the above mentioned 
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studies, we l·muld require an additional technician at a cost of about 
lSK per year and an additional 30K in other expenses. No ne~• major 
equipment would be required. 

Goal "c11 above "!.vould be achieved by continuing our present studies 
and. adding a significant program to the project, During FY78, both 
Dr. Atlas and our group lvill be continuing our efforts t·o measure in 
situ rates of crude oil degradation in the marine environment. 

At this time, it is impossible to determine ho-.;-1 fast "!.·le l-i'ill 
be able to proceed Hith our study of crude.oil dcgradatioa by pure 
bacterial isolates from the Beaufort Sea and Cook Inlet sediments. 
These basic physiological studies will proceed at a reasonable rate 
only if we are given the manpm-1er we need to conduct them. At the 
end of FY78, l-Te should be able to obtain some information on cnlde 
oil degradation rates >vith approximately 6 or more isolates. In FY79, 
we would continue these studies to other isolates and to crude oil 
degradation rates under a large number of environmental con_di tions. 

Since there are so many factors tvhich can affect crude oil 
degradation rates in th.e marine environment, the question of vhat 
rates of crude oil degradation should be anticipated in a given area 
vill have to be answered by long term direct field observations. 
Between the current studies of both groups and those to be conducted 
during FY78, we should have sufficient background information to 
initiate such a large scale experiment during FY79 or FYSO. 
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XVII. 1. Updated Activity /Nilestone/Data Management .Charts t-Till be 
submitted quarterly. 

2. Quarterly reports will be submitted in sufficient time 
during the contract year to be in OCSR~P hands by the first 
clay of January, July, and October; annual reports by April 1. 
The Final Report \vill be submitted 1-Jithin 90 days of the 
termination of the contract. 

3. Where biota ~re concerned, all species and higher categories 
will be represented by the vouch~r.~specimens that Hill be 
preserved, labelled, held, and shipped to an official 
OCSEAP-desigri.ated repository in conformity >vith OCSEAP 
voucher specimen policy. Vouchering will include life 
history stages (e. g.~ larve, juveniles, adults) ,....-hen 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 t\vice during the 
contract year to review project status and progress. Such 
revietvs will be scheduled on dates mutually satisfactory 
to both parties. It is understood that costs of the 
travel and per diem for these trips \vill 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 23-13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or 3 month data collection period, unless a lvritten 
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 form (KOAA 24-23) 
will be submitted to the Project Data Nanager. 

8. Title for all property purchased with OCSEAP funds remains Hith 
the U.S. Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific material d'eveloped under 
OCSEA:P funds will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release for ip.forn.ation and 
for fon1a:t:ding to BLN. The release of such material within a 
period of less than sixty (60) days shall be made only l-lith prior 
written consent of the Project Office. News relee.ses lvill first 
b;y cleared with the appropriate Project Office. 
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10. All publications and presentations of material developed under 
OCSEAP funds ;;.Jill ackno;;.;rledge BLH/OCSEAP sponsorship. The 
following acknm.;rledgement is standard. 

"This study Has supported by the Bureau of Land 
Hanagement through interagency agreement \-Jith 
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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Data Products Schedule 

Data Type , r~ed i a 
(Cards, cod
ing sheets, 
tapes, disks) 

Estimated 
Volume (ie. Intet:"tidal, 

Benthic Organisms, 
etc.} 

(Volume of 
processed data) 

--.1 
0 
0 

Cruise dnta: 

'P:i.mn, dntc,loca'tion (dick::; nt lGII) 
sample #, stntion # 
relative microbial 
activity, rc~piration 
percentages, sediment 
N -.,fixation rate:::;, nutrient 
dlttn 

Ei':!: .::ctt> of crude oil rcgulo.r report.::; 
· on N2 fi:x:a tion nnd 
hctrotrophic activity 

k.boratory date~ 

'? 

Phydolnglc.:.::l studicn rcc;ulnr report,:; 
of N

2 
fi:>:ation and 

biod;;erndntion 

OCSEAP 
Format. 
(If known) 

npecinl 

Processing and 
Formating done 
by PI 
{Yes or No) 

. yes 

coordi~~~ted with 
Drs. Atlas and 
Krichevsky 

Collection 
PeriGd . Submission 

{Month/Year to Month/Year) (Month/Year) · 

sec milestone chart 



COOK INLET 

LOGfSTICS REQUIRE:·IEiiTS 

?"lease fill in all spaces or indicate not applicable (N/A). Use additional sheets as 
necessary. Bucs=t l~,r.~ ite--:s ~D!1C2rn~r~ l'JJi-:;~~::: :hr:•dd ~= !.-·~:.~~--! t:> the r~lo.'Jil:Jt it".!Pl 

I described on these forms. 
I 

· !NST!TUT!ON 0:::-c-;:::on State University PRINCIPAL INVESTIGATOR Griffiths/Vor-i~"", 

I 3 . i .. 

i 
' 

SHIP SUPPORT 
De1im~ate proposed tracks and/or sampl·ing grids, by leg;~·on a chart of the area. 
Include a 1 ist of proposed station geographic positions. Sampling grid in Coo~c Inlet· 

used on p.c-evious operations.. Also the standard Pl-BL sanpli:ng grid in the S?l.':!l :!.ko f S t :-.::?.~.c • 
\ 2~ Describe types of observations to be made on tracks and/or at each grid station. 

Inc1ude a desc~iption of shipboard sampling operations. Be as specific and co~
prehensive as possible. For :S..'1.ipbcard sampling, "'ater and sediments \·rill b~ collected 

~ 4. 
l 

6 .. 

7. 

8. 

9. 

J. 

\·;ith Ni3kin sterile ,,.,a.ter and bottom grab san:tplers .. He \vill want to collect various 
.. b?nthic organisms. to an..:uyze the gut conte~ts for N

2 
"fiy..ation rates .. 

Hhat is the optimum time chronology of observations on a leg and seasonal basis 
and \':l}lat is the maximum allowable departure from.these optimum times? .(Key to 
chart prepared under Item 1 when necessary for clarification.) 

O:::t./.N'ov., 1977 and Feb .. , 1978 

Ho¥1 many sea days are required .f9r each leg? (Assume vessel cruising speed of 
14 knots for NOAA vessels. Do not include running time .from port to beginning 
poi~ and from end point to port and do not include a weather factor.) 
?.0 H•')r.kin~ da·r~ 
Do you consider your investiggtion to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? 

\•le \.:ill be tvorking tvith Dr .. Atlas' group on both cruises. i'le can coordinate '.·tith~'other gro 1p. 
Approximately how 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 processing time betwe~n stations. l hr. per sta·:;:i:on offs'hwre 
1~ to 3 hr on beach stations 

What equipment and personnel would you expect the ship to provide? 
Bottqr:l g.r-ab a.nd -.;inch. STD. casts. Ship's position on station. '.?ide information 
Bottcr.1 t.r.a~r]. ~quipment to collect bethic organisws. 
What is the approximate weight and volume of equipment you will bring? 

Will y•Jut· data or equipment require special handling? -·..:-.,·e~.~..._., ___ If yes, please 
des~ri be: ., . " . L. •1 " . 

Frag:tle and s.e.wp.!..es requ~re reJ~r:tg;;ra·~_,:J.on ana or I reez~ng 

Wi 11 yr.;u require any gasses and/or chemicals? Yes if yes, they shm:ld be on 
board the ship prior to departure from Seattle or time allm·;ed fm~ shipment by 
barge. Six Gi n21o::J. tvne CO~ cvlinders for d:n.r ice 
Do yot.: have a ship preference·, either NOAA or non-NOAJ',? If "yes" pi ease name the 
vessel and give the reasun for so specifying.NOAA ::;hip:.:·; Hiller Frt:em.a.."l. and Discov~rer 

These v~;;;:;sels ar'e stable enough to allm-s us to conduct our >·::1rk. They ?J.so have sufficient 
,--l~~r·7n~~~~~~~,~·~~·~·~-~~~~"~'~·~~·~7~~?·n~~~·~~~~~~~;~;~;~~~;£o~~--~n~~~~7~7 .. h~~~~~~~~+~,·~~n~·~"'~~~h~-~~~~r~~~~n~.n~~~~-L~~h~~-l~.·~~·l~l~P~~~-~~:h~n~~~,~~-·~''~+~~~h~n-+hr 
1. lf ybu ~ecom~end the use of a non-NOAA vessel, what 1s the per sea day charter l 

cost aN~ huve you ·verified i.ts availability best for o,.r 
pu-rycses .. 

11A 
~~~-----~----~----~----~------~--~~----~~--~~~~~--~~--~~--~~-----4 :. H:>~·J r::or:J ;E:opl~ rr:ust you ha·J~ on. boc1rr! for ~zc!'l leg? Ir.chide ~·list of p.=.-r-t:i~i- 1 

2P;:~,~~:~,: :·~ifically identifying any v1ho are foreign nationals. J. 
7(}1 



COOK Ilil.ET J 

-r.. sFicL\!.-···Loc1si icsr.io.3l:e-ts· 
-~:.-.--~.;,,at sp:::ci3 1 logistics probl~ms doyouant.!.cipare under: yot:r propos.:'!l end ho~..r 

~ 0 you ?repose that th~ problems be solved? (Provide cost estimates and in
dicat~ uhether you propose handling the proble!;:!S yourself or <.-hether you must 
d~pE!nd on lW_'-\.:\ to solve th~m for you? · 

fJc \-:ill rc-qutre the sarae t:ype of sup~ort that ':;e 
in J·m:·::::n;: :'"!..n the p:otst. 'I'hes~ incln.de the ston-tt;e 
facil"i ty and the b::tnd'ling of the C0

2 
cylind~~rs. 

tnl·..: co
2 

cylinC.ers so there vill be -a total of 6 

702 

:hav·? Z..ecei ved from the OCS3~;?. office 
of eguiprne11t at the Gibson C:yre 
\{~ pJ..a::1 to purchas.e t~;o oore s~-:P~:!o:t 
to transport~nd ~ill. 



PZAUFORT SEll.. 

LOGISTICS REQUIREMENTS 

P1ease fi1l in all spaces or indicate not applicable _{N/A) .. Use add.itional sheets as 
na.::.essary. BuC:;:t n:r:9 ite-:s :a~cern~r.:; l"lgi';!:::·~ ::r:~·!'ld ~= !..-~?.:'~--! t1 the rel~'l'l'1t ito:::!rrt 
de:;cribed on these forms. 

A. ~HIP SUPPORT 
~1~~~D~e~1~i-neate proposed tracks and/or sampling grids, by leg, on a chart of the area. 

:\ Include a list of. proposed station geographic positions. In situ oil deg~·aun.Ho~ exps. 
n.t ·Plover ·Pt. Tr.ansacts e3.st .of Pru.dhoe fuy durin~ Gl:icier cruise iri .ll.u;z. 1978 

... 
I 

I 

3 .. 

4. 

Oescri be types of observations to be made on tracks and/or at each grid station. 
Include a description oJ shipboard sampling operations. Be as specific and co:n
prehensive. as possible. Shipboard 1h>at'er samples Hill ba ta!<:.en vtitn Niskin sterile bag 
samplers and sediment· samples will be taken \'iitb. bottom grab.. ilnen conditions :pe:o:-mit, 

. '\o?e· Hould like to .take shore samples from a small boat.: or helico;:>ter. He Trlill: collc:ct be::;1t:t · c 
·n~:--":::t~~j ~ms to f"nl 1 ocf' r:"H-f- ~"Q""'·fo(')"y'tfoq f'I""\Y.. f.:( .p..; )'"1'.>~·j ~~ .,..!".ltQ-~~"-..;2'~'-'l;;.;J.;'~o,~-;..._----,-.,.----.~---=------1 
~Hiat is the optimum 0 tfme chronology ~-f observations-on ·a Teg and seasonal basis 
and \'/hat is the maximum allowab 1e departure from· these optimum times? (Key to 

. chart prepared under Item 1 \'/hen necessary for clarification.) · 
Su.~?.t:::er ..,.ihen ice conditions permit 

Hov; many sea days are required _fgr each leg? (Assume vesse 1 cruising speed of-
14 knots for NOAA vessels. Do not include running time from port to beginning. 
poir:_s and from end point to port and do not include a weather factor.) 

1 0 l.Sr'l.,.'!d YHl" r'J:n{:"" : , 

Do you consider your investigation to be the· principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? 

Ca.n coordinate· ui th other 
Appro,ximately horJ many vessel hours per day \·lill 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. 

l hr per station (same time frame ·used by Dr. Atlas RU #29) 

What eq~ipm~nt and personnel would you expect the ship to provide? 
Br.lttom sampling grab and i.Jinch. STD casts. Station positio~ -data. \'Je vlill also ret}ttire 
refrigarato: and freezer space near the laboratories.· .Botto:::1·trawl ertuip::~ent. 

7. What is the approximate weight and volume of equipment you will bring? 
500 lbs. J.OO cu ft 

~Will y•Jur data or equiPment require special handling? .,...e.~ It yes> please 
describe: 
F::7.:.t:~1le 

r:--"IJT11 yuu require any gasses and/or chemicals? ves if yes, they shol:ld be on 
board the ship prior to departure from Seattle or time allo\·:ed for shipment:bY 
ba 1ge. \ve v;ill need 6 co_ cv1 inders on boa.rd (s.i phon t'.~!le) 

l. Do yo;_: nave a ship preference, either NOAA or non-NO.V.? lf "yes'1 please narile the 
Ve$ se 1 and give the reasc.n for so specifying. Glacier o:- equi Yale!lt vessel . 

. · · If you- :-ecom:nend the use of a non-NOAA vesse 1, vJha t is the per sea da_y charter 
cost anc:! huve ypu ·verified its availability 

~--- ·•---:;----:-------,,.------:-----::--::,.------:--:::---::----::,...----:::--:-----::--;----:=-~----:-;--.:--~ 
H::>~·l 1::an..:· :)::ople rr.ust you ha'l~ on_boi!r:-l for ez!:h leg? Ir:clu:ie a llst of pe.r"tic1- • 
pants, ~· :·rificaliy identifying any who are foreign nationals. i 

2 - Dr. G:-iffiths and one t<:!chnicb.n I 
703 



I 

-"~------·-··----- ·------- ··---------------·-----------------·----~----··---------------------
~-c:. :\Prp.-.r;T s:·opQ':{."i: - HSLICO?TErt 

~.-.-~-.,..· -~--.~~in::~tt:! ;~~d tr.::l1.1S<!Cts mtd/er: st.::1tion ~-che~,.~ on a chc!."t of the .::!.l:"~a. 
(i::ote: If flights are for tr:anspc,rt of p~rsonnel or equip22nt only fl."o::t base 
camos to fi~ld camps and visa versa, chart submission is not necessary but 
ori~in and destination points should be listed) 

~ . 
;·:~~ \·Ji-J l rt:·.:ru.iz"'e helicontei .. S'.JP':Jo:ct to trctn:-roort uez.'!so:J:;"""!f:l and. equ.ipx·ent ,from the 
c~Lc::.;'".~:.~t- lt?.;,d b::t:.>f: to t~e ship~- 'lTI.is sv.:onor~~ ha.s ... b~c:1 1:-:-ovidud b;.," the Glac1.~:.- :i:1 
th:~ :;vo.;;C. He :-;ill also J.ike to th~-hclicc?br ~-\nd/or :::mall bo~J.t a.ve.ilr~blc for 
;::.~ .. ~-:.7l·_1_t~,-::: s:hore st.?.. CiOns '?ih~n thn o0uort 1l!l1 t"t be~o;=t:;;3 G."l'ailaJ;l8 .. 

2. D~scribe types of obse~vations to be made. 

!· .• Sucfli.r~'.:? snmpl·as of ~-:ater and sediment Hill be taken at the shore stations- \-/e ~-lill 
. 1" ./:" . , . . .!. • d f t' ' .. . . prov:ub a l. O.L ·cne equlpi:!len ... requJ.re or nese st:a~..1.o.2s. 

t-ihot :ls che optimum time chronology of observations on a seasonal basis and what: 
i~J the maximum allowable departure from these opti.rnum times? 

NA 
~------~------------------------------~--------------------------------------------------~--------7 

4. Ho~-1 r:;.any days of helicopter operations are required and hm" oany flight hours 
par day? 
E'ou.:- shore stations are p,lanned. Each statio.-: ;.;o~ld require about one hour fl:l.gh·!:: 
Total flight hours? ? titl-'3 and about }2 hr o:::t the ground 

.5. Ho:w nany people are required on board for each flight (exclusive of the piloc:)'? 

T l-Jhat are the weights and dimensions of equipraent or supplies to be ~_!ansport:ed? 

ice c;hests ; c:tbout 100 lbs~ 

~~~------------------------------~--------------~---------------------------------1 7. Hhat. type of helicopter do you recon:::mend for your operations and why? 

Glacier helicopter 

3~ Do you recoru:mend a particular source for the helicopter? If 11yesn please nam;'! 
the source and the reason for your recommendation. 

SDc above 

9. "i-Jhat is the per hour ..charter cost of the helicopt ·? 

to. Hhet"c do you recorn.;uend thc:.t flights be staged fro~? 

GL.1.cier 

.1. tlill special .navigation and comwl!nica tions be required? 

No 
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--·~s-.---Ai;~c?.A::r-s~-~iY6:{:i;--_::--HE'LicO?-lli~-----------·----~·- -
-1-.--. D-e-l-in.::at~ proposti!d ·transect~ at~d/cr- station scht::!m~ on a ch2.:-t of the 2.-.:-2a. 

(Note: If flights are for transpGrt of p~rsorinel or equipcent only fron base 
camos to fi~ld camps and visa versa, chart submission is not necessary but 
origin and destination points should be li,sted) 

·.·:r: •.-;iJ.l re.:mirc helicopter support to transport perso::~nel and equipment fron the 
- . • ' • n~ • '- , b • ' .4 • '-' Gl • c~l.::l~;::::;t la.P..c:.. b-::~s~: to tne snJ.p~ 1'.n:ts suppor.., nas een p:;:·ov:ta.eu. oy ~.>!le · acle.:" :t:n. 

thr: :;:.\.::c~:;t. HcJ :·n ... Ll nlso like to have the helicopt·~r and/or small bos;tt avaiL:.":-,le :fo:::-
~'~.::r:t:•_·: n':; shor~ sta t;ion:o Hhen the cronortn:!1.; tY becorae:;; ava-ilable. 

2. Describe types of observations to be made. 

Sur:fl:il'.e samules of 1;:ater and sediment \all be taken at the shore stations. He ~.,..i.ll 
provide all. ~f tl:.e equi'pment required for these stations • 

.3. t-icwt is the optimum time c.hronology of obsc:rvat:ions on a seasonal basis and what: 
is th~ maximum allowable departure from these optimum times? 

NA 
4. Hot,; r:::any days. of helicopter operations are required and hoH nany flight: hours 

p.ar day? 
Four. shore stations are planned. 
Total flight hours? ? 

Fach .:r~ation ·,.;auld require about one hou: flig:tt 
tine and about * hr on the ground 

5. Ho-w many people are required on board for each flight (exclusive of the piloc)'l 

6~ Hhat are the weights and dimensions of equipment or supplies to be transported? 

Three ice qhests ; about lOCI los. 

7. ~mat typa of helicopter do you recommend for your operations and why? 

Glacier helicopter 

3. Do you recommend a particular source for the helicopter? If "yes" please nam~ 
tbe source and the reason for your recow~endatlon. 

See above 

--------------------------------------------------------------------------------------~~--------~ 9. 'h'hat. is the per hour ..charter cost of th~ helicopter? 

'.0. l.Jh~::-c do you reco;:rr.rnend th<.>.t flights b~ staged from? 

GJ_ :.~.ci. e r 

.1. l-i:i.ll special .navigation and con:i:lunications be required? 

1lo 
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BEAUFORT SEA 

~-----~---~--~----

D. QL'A.::\.i:';"::.\.:i . .;...tJ .:~L;.J;., i.:.:i~·.:.;..,ct: .:iut'cO.<.T 
-----.. ------ --- ---:-. --

..,._.,.1-.-·"'"'t.;r1.lt are your r2quir~[ilei:'lts tor quarters .:wd suosiste.nce in the field ace.a·~ 
(These require.ruent:s sho.u!.d be broken dmm by (a) location. (b) calendar period~ 
(c) nuil!ber of personnel per day and total r.:tan days per period) 

Barro~·t - NARL 

1 person for 3 one • . .;eek sampling--periods = 30 man days 

-
For preparation_of ship c·ruise and tral'..sit to a.'1d fro;n_ (':U.acier 

2 perso::J.s for a total· of about t,.;o \·reeks = 28 man days 

2. Do you 1..·ecommend a particular ·source for this support?· If uyes" please nama 
the so~rce and the reason for your reco~endation. 

NARL - require laboratory facilities 

3. tr.~ut is your estimated per man day cost for this support at each location? 

? 

How did you derive this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established cqm.~ercial 
rate~ at the location or on estimated costs to establish and maintain a field 
camp? 
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BEAUFOl~T SEA 

-- --- ..;~;.,._ ______ .. _:,._;_;.......:__·;..; __ .._ 

:'!L SP:ZCL\L LOCISl'ICS PR03L~\S 
J.. •.. \-i1>;:-;-S-peci~d logistics pt'oblt:mS do you cn::icipace under. )'OL!t" proposal ancl hO\.f 

,do you p~opose that th~,problem~ be solved? .{~rovide cost estimat~s:agd in
·dica · wh:ether: you propose handling the proble!4!'s yourself or \:-~hether you must: 
·dep~t;~d· on NOAA to solve th~m for you?: 

·:;3inee •..;,: 'tiill be u!:.ilizipg the sar.:::e sa!13IJles as Dr~ Atl~.s' e;rou_p, v~ >·:ill 
-nbt requi:re any adC.itio.n~l' support fa. r se.'r.rolin0:.r oth~r ·than tb2t ou .... lin"·'1 b·,--- ~ - - - ... ,... v _- ~ -~ 4 ..: 

hi::l in his. prop!'Jsal for RU # 29~ . \·{e · vrill h~;·;e~ler, require laboratory spac,: 
NARL and on board ship. 
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hlLl::SlUNE CHART - ---
RU #: 190 

._.~--------------
PI: .Grifii ths/Hori ta 

Najar Milestones: Reporting, data f.lunagement and other- sign1ficant 
contractual requirements; periods of field work; workshops; etc. 
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! I 
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! ________________ ....._ ________ . -···---'--'--..L-L-....L-.....J..--'---4--J.-.......:.--...I...--+-.......:.--4<-'---
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Title of Dissertations 

'H.A. Thermal injury- in the marine psychrophile .Vibrio raarinus HP-1.: 

Ph.D. Glucose uptake .;~.nd catabolisr!l in the narii;e psychrophilic bacteriu::J., 
Vibrio marinus. 

Publicc:tions 

Haight, R. D. and R. P. Griffiths, 1968. Pseudol~fhal and other injury 
stages in Vibrio marinus. Bact. Proc. p. 27. (Abstract) 

Griffiths, R. P. and R. Y. Morita. 1971. The effects of salinity on 
glucose uptake and catabolism in the marine psychrophiie Vibrio carinus. 
Bact. Proc. p. 133. (Abstract) 

Griffiths, R. P.~ P. Gillespie, L. P. Jones and R. Y. Morita. 1972. 
Heterotrophic activity of microorganisws in Antarctic waters. Bact. 
Pro c.. p • 7 0 • (Abstract) 

Morita, R. Y~, R. P. Griffiths and S. S. Hayasaka. 1972. Heterotrophic 
potential of marine microorganisr:J.s in Antarctic waters. Antarctic J. 
u.s. 7:180-181. 

Griffiths, R. P. and R. Y. Morita. 1973. Application of the reverse-flow 
filter technique to marine bacterial studies. Bact. ·Proc. p. ~7. (Abstract) 

Horita, R. Y., L. P. Jones.) R. P. Griffiths and T. S. Staley. 1973. 
Salinity and temperatur~ interactions and their relationship to the 
microbiology of the estuarine envir.on:::::ent. In H. L. Stevenson and R. R. 
Colwell (ed.). Proc. BelleW. Baruch Syr::.posiu';;l on Harine Science Estuarine 
Hic~obial Ecology. University of South Carolina Press. Columbia. Pages 
221...:..242. 

Griffiths, R. P. and R. D. Haight. 1973. :R:eversible heat injury in the 
marine psycht-ophilic bacteriu[!l Vibrio ::~arinus. HP-1. Can. J. HicrobioJ.. 
19:557-561. 

Griffiths, R. P. and R. Y. Morita. 1973. Salinity effects on glucose 
catabolism in the obligately psychrophilic bacteriu:::.1, Vibri_q_ Earin~s. 
Harine Biol. 23:177-182. 

Griffiths, R. P. and R. Y. H~rita. 1973. The applicability of .. the reverse
flo>-! technique to marine raicrobial studies. Appl. Hicrobiol. _?6: 687-691. 

Griffiths, R. P., J. A. Baross, F. J. Hanus and R. Y. Morita. 1974. So1:1e 
physical and checiical parameters effecting the fori:!ation and retentio:-1 
of glutannte pools in a marine psychrophilic bacteriun. Ztschr. f. Allg. 
H.ikrobiol. 14:359-369. 
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Griffiths, R. P.~ F. J. Hanus and R. Y. Horita. 1974. The effe.cts of 
various Hater sample treat;:;ents on the ·apparent uptake of gluta~ic acid 
by natural marine microbial populations. Can. Jft Microbial. 20;1261-1266. 

Hor.ita> R. Y. ~ R. P. Griffiths, and ·S. S. Hc.yasaka. 197lt. Heterotrophic 
po_tential of microorganis::Js in Antarctic ·~7at~rs. Third Symposit~:-:1 on 
Antarctic Biology. National Acade7.ty of Sciences. Page .l;. (abst.ract) 

Baross, J. A., F. J. Hanus, R. P. Griffiths, and R, Y. Hor~ta. 1975. 
Nature of ineorporated li;C-labeled Eaterial retained by sulfuric acid 
fixed bacteria in pure cultures and in natural aquatic populations, 
J. Fish. Res. Board Can. 32:1876-1879. 

R. Y. Morita, R. P. Griffiths, and S. S. Hayasaka. 1976. 
of microbial activity in the Beaufort Sea. Bact. Proc. 

Baseline study 
(Abstract) 

:Horita, R. Y., R. P. Griffiths, and S. S. Hayasaka. 1976. Heterotrophic 
potential of microorganis::!S in Antarctic Haters. Third SyEposiuc::J. on 
Antarctic Biology. National Academy of Sciences. (iri press) 
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I. Title 

II. 

Morbidity and Mortality of Marine Mammals 
Research Unit #194 

Principal Investigator III. Cost of Proposal 
(by federal fiscal year) 

Francis H. Fay 

Total 
Distribution 
Bristol Bay 
Kodiak 
Lower Cook Inlet 
Norton Sound 
St. George Basin 
NE Gulf of Alaska 

$110' 213 

14% 
20% 

7% 
10% 
24% 
25% 

IV. Background 

The natural balance of marine mammal populations is a function of complementary 
birth and death rates. The productivity of Alaskan marine mammal poulations 
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 oil lease areas, with emphasis on determination of 
the kinds and incidences of pathological conditions, identification of the 
causative agents, and assessment of the potential relationships w1th future 
stresses brought to bear by offshore oil exploration and development. In the 
study proposed here, that work would be e~panded geographically to include the 
Lower Cook Inlet, Kodiak, and Northeast Gulf of Alaska lease areas. 

Field work will involve mainly necropsy of marine mammal specimens taken in 
connection with other OCSEAP projects (R.U. #229, 230, 232, 243) during cruises 

. I 
of NOAA ships and smaller chartered vessels. As opportunities permit, it will 
also include some post mortem examination of beached carcasses of marine mammals 
for cause of death. 

V. Objectives 

A. To identify and determine the frequency of occurrence of path
ological conditions and identify the causative agents thereof in 
natural populations of marine mammals through necropsy of specimens 
taken nonselectively. 

B.~ To,determine major causes of morbidity through selective collection 
(as opportunities permit) of sick and moribund individuals. 

C. To determine major causes of mortality through post mortem exam
ination (as opportunities permit) of beached carcasses of marine 
mammals. 
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D. To compile and compare data obtained by this and other OCSEAP 
projects on numbers (by species) and location of beached carcasses 
along selected portions of the Alaskan coast. 

E. To complete the analyses and interpretations of data collected in 
FY 77. 

VI. General Strategy and Approach 

Nonselective samples of animals from the l~ying populations of marine mammals 
of eastern Bering Sea, {Kodiak, Cook Inlet), and eastern Gulf of Alaska are 
taken annually by other OCSEAP investigators in connection with R.U. #229 
(Pitcher), 230 and 232 (Burns), and 243 (Calkins). A considerable number of 
those taken in the Bering Sea have already been examined by personnel of this 
_project in FY 76 and FY 77, and it is proposed here to continue that \vork and 
to expand the geographical scope to utilization of those taken in the other 
areas as well. Investigation of the latter is especially timely, inasmuch as 
the apparent epizootic of leptospirosis and San Miguel Sea Lion Virus detected 
in California seems likely to have spread northward and to be affecting Alaskan 
sea lion populations in the lease areas at this time. As avilable and as time 
permits in the course of this work, moribund specimens also will be collected, 
and beached carcasses of dead mammals will be examined . 

. VII. Sampling Methods 

The timing and locations for necropsy of collected specimens will be dictated 
largely by the collection schedules of R.U. #229, 230, 232, and 243, as will 
sample sizes. 

VIII. Analytical Methods 

Not applicable. 

IX. Anticipated Problems 

None. 

X. Deliverable Products 

A. A new Record Type for pathological information will be developed 
under File Type .025 (Marine Mammal Specimen), as an addendum to 
digital data provided by Burns, Calkins, and Pitcher. Coded param
eters will include system and organ affected and kind of pathological 
condition detected on gross (visual) examination. A list of these 
is appended. 

Data on distribution and numbers of beached carcasses, based on 
reports from this and other projects will be reported in digital· 
form, as in the past. 
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B. Narrative Report 

A full summary and analysis of findings for the duration of this 
project, including unpublished data acquired prior to this project 
and a review of published information, will be provided after the 
project field work is terminated. In the meantime, current findings 
will be summarized in the quarterly and annual reports. 

C. Visual Data 

1. Charts, showing location of beached marine mammal carcasses 
and their probable drift trajectory. 

2. Tables, indicating the occurrence of pathological conditions 
and agents in relation to time, lo~ation, species, sex, and age, 
will be provided in the final narrative report. Preliminary, 
current findings will be tabulated in the quarterly and annual 
reports. 

D. Other Non-Digital Data 

Not Applicable. 

E. Data Submission Schedule 

First data collection - 10/77 
Last data collection - 8/78 

Data on beached carcasses will be submitted within 90 days after 
acquisition. Data on necropsies (gross pathology) also will be 
submitted within 90 days. Final analyses will be reported as com
pleted (e.g., serological data may be delayed up to one year; 
histopathology and microbiology up to 8 to 10 months) • 

XI. Information Required from Other Investigators 

Charts, showing location, date, and species of beached marine mammal carcasses 
sighted along the Bering Sea coast and in the Kodiak, Lower Cook Inlet, and 
NEGOA areas. Such data are currently being supplied by Arneson (R.U. #3) and 
have been provided in the past by Fiscus (R.U. #67 and 68) and by Faro (ADF&G, 
King Salmon). Other sources will be contacted. 

XII. Quality Assurance Plans 

All necropsies are conducted in accordance with procedures outlined in the 
project's manual. Hicrobiological isolates are identified by specialists in 
laboratories of the Alaska Department of Health and U.S. Department of Agri
culture. Histopathology and parasitology are largely ha.ndled through specialists 
within the project team, with assistance and confirmation from various special-' 
ists in other institutions. Serological analyses are done at the Naval Rio
medical Laboratory, Oakland, California. 
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XIII Sample Archival Plans 

Pathological samples (preserved tissue blocks, prepared microsections), photos 
of gross pathological conditions, and replicate serum samples are stored in 
the Arctic Health Building, University of Alaska, Fairbanks, in areas under 
the control of the Principal Investigator. 

XIV Logistics Requirements 

No specific request for logistic support is feasible at this time, since the 
project will be dependent largely or entirely on the same log~s~ic facilities 
used by projects R.U. #229, 230, 23l, and 243. See logistic shcedules for 
same and add one person from this project to each field operation in the Norton, 
St. George, Bristol, Kodiak, Lower Cook and NEGOA lease areas. All studies under 
this project will be closely coordinated with projects R.U. #229, 230, 232, and 243. 

XV Management Plan 

The Principal Investigator will oversee all aspects of the project, will partici
pate in ten percent of the field work, 20 percent of the laboratory work, and 
80 percent of the office work. Associate Investigator Dieterich will participate 
in ten percent of the field work, 20 percent of the laboratory work, and ten per
cent of the office work. Technician Shults will cover 80 percent of the field 
work, 60 percent of the laboratory work, and ten percent of the office work. 
Field schedules will be closely coordinated to those.of R.U. #229, 230, 232, and 
243. 

XVI. Outlook 

Assuming that the present research and that proposed for FY 78 are successfully 
completed, samples adequate to describe the major pathol cal conditions and 
agents thereof in living populations of walruses, and of bearded, ribbon, and 
spotted seals of the eastern Bering Sea will be in hand. However, ringed and 
harbor seals, and Steller sea lions probably will require further sampling, as 
will the cetacean populations.. Assuming that projects R. U. 11229, 230, 232, and 
243, which are'the main sources of specimens at present, will continue at least 
through FY 79, then data acquisition from seals and sea lions will be continued 
by this project until such time as the samples are adequate or the collecting is 
terminated. Of the cetacea, it is probable ·that adequate samples can be obtained 
only from the white_ whale (belukha) population and it may be possible to do this 
through examination of animals taken by subsistence hunters at three or four 
locations on the western Alaskan coast. 

Some further stranding surveys seem essential, since the FY 78 work at the 
indicated funding level cannot accommodate them. Stranded carcasses are the 
only source of information on natural causes of death, and at present the 
sample sizes for all species are inadequate for generalization. Strandings also 
are the only source at present of information on morbidity and mortality of 
large cetaceans in the Alaskan region. As indicated in the recent annual report 
(31 March 77) of this project, eventually at least one final effort on this 
aspect of the work is desirable in the eastern Bering Sea, in order to test the 
predictions of numbers and distributions, based on the earlier sampling, and to 
enlarge the samples by species of causes of death. This should be a single, 
o~e-time survey of the entire eastern shore of the Bering Sea from Unimak Pass to 
Bering Strait, with coverage ideally via helicopter or, alternatively, via small 
fixed-wing aircraft. 
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SUN}tARY OF FUTURE ACTIVITIES 

FY Activity Location Cost 

79 · Compl~te pinniped sampling 
Begin beluklia sampling 

. Bering, GOA 
Bering, Chukchi lOOK 

79 

80 

Final stranding survey 

Complete Belukha sampling 
Complete data analyses and final 
report 

E. Bering 40K* 

Bering, Chukchi lOOK 

*Including logistics via fixed-wing, assuming availability of state aircraft 
120 hrs. @ $80/hr, w/fuel. 

XVII. 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 XIII of this ~roposal. 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. See section XV .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 accqrdance with University of Alaska travel policy 
and consistent with other University duties of the Principal. 
Investigator. 

5. Data 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 Plans for each of the tasks falling under the 
jurisdiction of this office. 

6. · As per ArtiGle 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 
sorting 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 submitted to the Project Data Manager by the Chief Scie~tist. 

If the Chief Scientist represents the contracts covered by this 
office, thc'form will be sent through this office. 
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B. This i.s in accordance with the base contract with which we shall 
comply. 

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 NOM, Department 
of Commerce through the Outer Continental-Shelf En
vironmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Depart
ment of Interior." 

11. All data will be accompanied by a data documentation form 
(NOAA 24-13) . 

717 . 



RECORD TYPE 9 - PATHOLOGY (New Record Type) 

Suggested List of Parameters (affected areas) 

I. Systems and Organs 

A. Integumentary F. Digestive 

general general 
hair dentition 
skin mouth 
blubber salivary glands 
mammaries esophagus 

stomach 
B. Muscular small gut 

large gut 
general anus 
head liver 
Epaxial pancreas 
hypaxial 
thoracic G. Respiratory 
abdominal 
forelimb general 
hindlimb nasal 
diaphragm larynx 

trachea 
c. Skeletal bronchi 

lungs 
general 
skull H. Circulatory 
axial 
ribs general 
pectoral lymphatic 
pelvic arterial 

venous 
D. Nervous heart 

general I. Reticuloendothebial 
brain 
spinal cord general 
peripheral spleen 

marrow 
E. Sensory nodes 

thymous 
general 
eyes J. Endocrine 
nose 
ears general 

thyroid 
adrenals 
hypophysis 
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K. Urinary 

general 
kidneys 
ureters 
bladder 
urethra 

L. Genital 

general 
testes 
epididymis 
prostate 
penis 
ovaries 
uterus 

I • .'! cer3_,v;x 
(;" \ 

vag1na 
clitoris 

M. Peritoneal 

pleural 
abdominal 

II. Kinds of Pathologic Conditions- (lesions) 

A. Helminthic 
B. Bacterial 
c. Fungal 
D. Trauma 
E. 11 Tumor 11 

F. Gunshot 
G. Predation 
H. Unknown 
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f.farine f·fammal Pathology /l3eaufort-Chukchi Seas: 
An amendment to· RUII 194, Natural Horbidity and Hortality of Marine :t-1arill1lals; 
to be coordinated with RU//s 230 & 232 (ADF&G) for expanded Trophic studies 
in the Beaufort/Chukchi Seas. 

Principal Investigator: 
Francis H. Fay 

Institutes of Arctic Biology and Marine Science 
University·of Alaska, Fairbanks, Ak. 99701 

Assisted by: 
Larry lvt. Shults 

Institute·of Marine Science 
University·of Alaska, Fairbanks, Ak. 99701 

This an amendment complementary to·proposals' for extension.of ongoing 
research efforts·on marine mammals of the Beaufort and Chukchi seas. American 
and Canadian· studies of seais in the Beaufort-Chukchi region over the past tNo 
decades have documented a drastic decline in numbers and productivity·of seals, 
beginning in 1974. The secondary causes of that decline. are unknown but are 
presumed to· be either nutritive (i.e •. lm'lered secondary productivity· of thlf 
marine environment); physical (e.g. unfavorable ice conditions), pathological 
(parasites and diseases) or a combination of these. Conceivably, the primary 
cause is related to the recent activities associated \'lith petroleum development 
in the region. A thorough investigation of potential secondary causes and 
their effects·seems essential, in order to·develop a focus on the--primary 
cause.· life propose to· investigate· the pathological aspect,· in conjunction \vi th 
ongoing studies of the trophic relations and other biological and ecological 
characteristics of those seals, utilizing the same logistic support and 
collected materials. ' 

This is a continuation of efforts· begun in FY77 as an adjt.mct to· RU:/230 
and 232. In FY77, \'le participated in the OCSEAP mul tidisdplinary cruise of 
the CGC GLACIER in the Beaufort Sea and began our analysis of the mate'dals 
collected. This \'las completed in the first quarter of FY78, and analyses of. 
a large quantity of additional materials obtained subsequently by personnel 
of RUI# 230, 232 in the Beaufort-Chukchi region \>/ere begun. Ne propose here 
to· continue that l'lork in the last quarter of FY78, by participation in the 
prospective cruise of a CGC ·icebreaker in the Beaufort Sea in August ·• 
Continuing into· FY79, \'le Kould participate· in at least one shore-based 
operation in the Beaufort-Chukchi region, complete the analysis of all 
materials collected there in FY77 and 78, and begin analysis of the FY79 
materials. 

Our activities during field operations will include: 

1) Necropsy of all marine mammals collected and identification of 
gross pathological conditions. 

2) Collection of blood sera for subsequent analysis. 

3) Isolation of microbiological and parasitological agents of 
disease. 
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4) Collection of tissues for histopathological examination, and 

5) Collection of tissue samples for.assessment of petroleum 
hydrocarbon and heavy metals analysis. 

Laborato:y analysis of tho materials collected during our field operations 
and collected for us in other field operations by personnel of RUII230, 232, \V'ill 
be conducted with· facilities of tho Institutes of Marino Science and Arctic 
Biology of the University·of Alaska-Fairbanks and with diagnostic services of 
the Department of Pathology, Johns Hopkins University, Baltimore, the U.S.
Department of Agriculture Laboratories, Ames and Plum' Island> and tho Division 
of Public Health> Alaska Department of Health and Welfare, Fairbanks. The kinds 
of information to· be obtained from these analyses will include: 

1) Serological screening for evidence (antibodies) of previous 
exposure to·pathological agents, 

2) Identification of microbiological and parasitological agents· 
of disease, 

3) Identification of histopathological conditions, and 

4) Correlation of each of the above Hith gross pathology and \'lith· 
the physical indices of physiological condition of each animal. 

Tissues for assessment of petroleum hydrocarbon and heavy metal burdens 
will be provided to·investigators (e.g. D. Burrell, D. Sha\v-) concerned \dth· 
that aspect of environmental study. 

We anticipate· that the information obtained, in combination \V'ith· that from 
other, related projects·, \..rill allow us to· estimate· the rates of occurrence of 
pathogens and pathological conditions in sea~s of the Beaufort Sea and to· 
compare these \vi th rates in like hosts· over a wide area of the Alaskan continental 
shelf. We expect further that our findings \vill shed some light on ans\vers to 
the question of the recent decline in numbers of seals ·in the· Beaufort Sea, and 
the apparently related decline there of polar bears. 
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RESEARCH PROPOSAL 

R. U. 196. The distribution, abundance and feeding ecology of birds 
associated with the Beaufort, Chukchi and Bering Sea pack ice. 

Principal Investigator: George J. Divoky 

Total Cost: :366, 2 79 

Research Institution: Point Reyes Bird Observatory 

Date of Proposal: 27 June 1977 

Mr. G or ~. Divoky 
Point Reyes Bird Observatory 
4990 State Route 1 
Stinson Beach, CA 94970 
Phone (415) 868-1221 

c. R. Wetterman 
Treasurer 
General Business Services 
25 Juno Road 
Tiburon, CA 94920 
Phone (415) 435-:-4~39 
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Technical Proposal 

I. Title: 'The distribution, abundance and feeding ecology of 
birds associated with the Beaufort, Chukchi and 
Bering Sea pack ice. 

Research Unit Number: 196 

Contract Number: 03-7-022-35140 

Proposed Dates of Contract: 1 October 1977 - 30 September 1978. 

II. Principal Investigator: George J. Divoky 

III. Cost of Proposal 

C. Total: ~~6,279 

n. Distribution by lease area: 

St. Geor.9:e hOj{ 
Chukchi 1 )'!~ 
Norton 1·5::0 
·Beaufort 307~ 
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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 effec~ on the 
marine birds in the Beaufort, Chukchi and Bering Seas. The 
proposed research is part of a continuing project aimed at 
obtaining predictive understanding of the distribution, abun
dance 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. Major emphasis in 1977 (and probably 
1978) will be placed on trophic studies through collection of 
birds and subsequent stomach analysis. Ice edge habitats are 

· sites of major concentrations of marine birds under certain 
circumstances and at the same time can be expected to be sub
ject to buildup of any marine contaminants. 

The proposed research identifies the prey items that are 
being consumed by birds and relates the information to oceano
graphic and productivity data being gathered concurrently. In 
this way the proximate factors determining seabird distribution 
at the ice edge can be determined. 

V. Objectives: 

This research unit fulfills in part sub-task E-3 with 
special reference to distribution, abundance and feeding ecology 
of marine birds with ice and ice edge habitats and E-17. 

1) Sample bird occurrence in relation to all major seasonal 
ice events (formation, maximum extent, decomposition, mini
mum extent) in each lease area (Norton, Chukchi, Beaufort). 

2) Develop predictive understanding of repetitive ice 
features on the distributions of birds. 

3) Develop predictive understanding of anomalous ice 
features in year to year variations of occurrence and abun
dance of pagophilic species. 

4) Use all appropriate techniques to identify and follow 
ice and water mass dynamics seasonally to learn what influ
ence events such as river overflow, variable shear zones 
and major lead systems have on the avian community. 

5) Amplify the understanding of trophic ecology of pago
philic species to the point that major prey items can be 
identified as requiring additional understanding/experimen
tation in view of offshore development. · 
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VI. Generaf Strategy and Approach 

The majority of information gathered by this project is 
obtained through shipboard observations and collections. 
Shipboard work allows this project to be conducted concurrently 
with physical oceanographic and biological studies that provide 
information needed to interpret bird distribution and feeding 
data. Aerial censusing over ice habitats has been shown to 
provide poor information on seabird numbers due to the lack of 
a uniform background to observe birds on. Aerial censusing 
also provides information with no oceanographic information 
for use in data interpretation. 

Since this project is so dependent on cruises in and next 
to the ice and since the availability of such cruises is 
limited the project must progress slowly over a number of years. 
We are slowly building up a data base that will allow the ob
jectives of this project to be reached. Advances in data pro
cessing should allow speeding up of data interpretation. 

VII. Sampling Methods 

The overall sampling scheme for this project is dependent 
on OCSEAP scheduling of ice edge cruises.· On a given cruise an 
attempt is made to conduct observations south of the ice, at 
the ice edge and at varying distances within the ice. Observa
tions 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\~ide 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 t5 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 infor
mation and distance to land and shelfbreak are obtained for each 
15-minute transect. All opservations are coded in OCSEAP data 
format 035. · 

Bird specimens are collected from a small boat with a shot
gun •. On returning to the ship all specimens are weighed, sexed, 
analyzed for fat, and the stomach removed. Stomach contents 
analysis is done immediately. The weight, number and size of 
each prey organism is reco~ded. All bird specimen and stomach 
contents data will be entered into an OCSEAP data format as soon 
as the format is approved by NODC. 

~imited land~based field work will be conducted during 
those periods when cruises are not taking place. 

733 



VIII. Analytical Methods 

Bi.rd densities will be analyzed in relation to ice cover, 
distance to ice edge, distance to shelfbreak, 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 total volume. 
Frequency of prey species in stomachs will be compared with the 
frequency of the species in otter and Tucker trawls. 

IX. Anticipated Problems 

The major anticipated problem is the lack of ice edge 
cruises to provide information for this project. Ice edge 
cruises in the Bering Sea in March and April of 1976 and 1977 
have provided good information on those birds associated with 
ice at maximum ice extent. Icebreaker cruises in August and 
September have provided information from the period of minimum 
ice cover. There is a need for cruises at other times of the 
year. If OCSEAP is given a month of icebreaker time in 1978 
they should think seriously of asking for. something other than 
an August cruise in the Beaufort. A cruise in the decomposing 
ice in the Chukchi in July would prove more worthwhile than 
repeating an August-Beaufort cruise for a third year. 

X. Deliverable products 

A. Digital data - All of the parameters included in data format 
033 are recorded during observations. In the past, coded sheets 
similar to the one included in this report (see Section E. Other 
Information) have been sent to Michael Crane of the AEIDC in 
Anchorage. The AEIDC then keypunched the data, proofed them for 
erro.rs, put them on magnetic tape and sent them to the Juneau 
Project Office. In F Y 1978 an attempt is being made to enter 
all data on magnetic tape while at sea. This will remove the 
coded sheets and keypunching from the data processing, thus re
sulting in a savings for this project and OCSEAP. Funds for the 
hardware and software to accomplish this task are included in 
the budget. · 

B. Na.rrative Reports - All narrative data will be included in 
quarterly and annual reports and in papers published in scientific 
jou.rnals. This will include word-schematic models of ice features, 
deformations, anomalies, illustrating the dynamics of bird/ice 
relationships in average and extreme cases for all lease areas. 

C. Visual Data - Maps of the occurrence and densities of each · 
species for each cruise in relation to ice features will be pre
pared. Figures showing bi.rd densities in relation to oceano
graphic and o~her parameters will also be submitted. 
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D. Other Non-Digital Data - none 

E. Data Submission Schedule - See next page. 

XI. Information Required from Other Investigators 

Information being gathered by Alexander (R.U. 427) on 
primary productivity·and Cooney (R.U. 426) on secondary pro
ductivity allow meaningful analysis of bird density information. 
Stringer's information on ice dynamics (R.U. 257) provides 
information on ice features of importance to birds. The Remote 
Sensing Library at the Geophysical Institute of the University 
of Alaska provides NOAA and Landsat imagery that allows large 
scale ice features to be mapped. 

XII. Quality Assurance Plans 

XIII. 

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 tech
niques used in this project allow data to be compared with 
other pelagic distribution and feeding data. , 

Special sample and voucher specimen archival plans. 
J 

Voucher specimens of all prey items found in bird stomachs 
are kept as a reference for later comparison with specimens at 
the University of Alaska's Marine Science Sorting Center. 
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Data Products Schedu1e 

·----·------------------------ ·----.. -·----

D::;ta iype .. . . 
,~lf?~ 12.. timv.ted 
{ C2 s, ccd- Vol urce CCSEf\P Collection (ie. Int~.:t~tidnl, 

Genthic Org~nisms, 
etc.) 

ir.:; s ' (Volume of 
processed data) 

Formut 

Processir.o and 
ting"cone 

by P. I. Pci·iod <:· .iS'3.;:1 

tc:pes, disks) (If knmm) (Yes or No) (1'1onth/Year ta i·;on th/Yc,:-r) (;/v:iti:/ . .;::.:·) 

Pelagic Bird Obs. Tapes 20,000 1 ines 

Bird Stomach Contents Coded Sheets 200 sheets 

033 Yes 

As Below ~·~~·~ 

l 0/77 to 9/78 

10/77 to 9/78 

* Data will be 5ubmitted a reach cruise. Once the new data entry system is functional, data will be 
submitted on magnetic tapes for 033 formats; on coded sheets for stomach contents. Data will be 
submitted one month after the completion of a cruise whenever possible, and within the 120 day contract 
requirement. 

** Coded sheets will be submitted to AEIDC (OCSEAP/EDS Technical Representative) for checki'ng and 
assignment of keypunching. Keypunching will be contracted out through the AEIDC/EDS Research 
Unit, or the UA/IMS Research Unit. 

In addition, the following data may be collected and submitted as time and information is available: 

Bird Colony Coded Sheets 

Zooplankton Coded Sheets 

(sma 11 amt.) 

( sma 1 1 amt • ) 

035 

024 

As Above** 

As Be 1 ow;'d: 

1 0/77 to 9/78 

1 0/77 to 9/78 

As Be low 7: 

As Below * 

As Above * 
As Above '1: 



I 

Please fill in illl ~;pdCes or indir.Jte not 'appl·ic~:~hiP (ll/1\). 
necessary. l'~c~:J<t l~nc ite·ns cc:--cr:~--:·:r:; lc~:·:t:i-::'; ~; 11~~~·~d 1 -~ 
described on these forms. 

Fo1~ OCSUW u~r~ only. 
IW ii . 
IIi ~c:.f{)iTnQ·-----·---·-- ·-
/\ 1'0.d of Op P.'r·1·t i rin ____ ~--

~·--- .. --- --···-· -~--~--· .. ·~···- ..... ..._., 

lhc: 11ddition.1l •.i;;,, .• :.::, o~·_; 

!~'-"'"'' f.l' f_,, -~ !' ·1 roll ·•nl: ·j 1 01~1 

I riSIITUT fON ·--·-=-t ·-~=:es Bird .~~-~ervator¥RINC I P/\L INVEST IG/\TOR George J. Divoky 

: -~,~-- '5fHT-;---,~iii-1.p"QT~T----· 

I --r.:----,):~ fTn·~·:;; ·1:;;·-~)·r-·()fj'os~~j-. -t-ra-: c-: k s-il nci7 or saii1r.iTTi~j-C)r1 (is-:-T)~yleg;(;n·-·;i-·"l:hil-rCo i--t-.•11!. di:;;_,,~ -----. 
! Included 'li::;t of proposetf stution geoqr(lphic positions. 
' See attached sheeto 

2. Uc:scdFe i:ypes of observlltio_n_s_t_o-be mali:; orit.rac~~-; anc!/o·~--;.;t; t-~dc r1r .. :~~:Tf"o-;1:-----
Include a description of shipboard sampl·iny openTtions. Be as specific and co:n
prehensive as possible. 

Observations of birds are made when ship is steaming in daylight. 
Birds collected from small boat when ship on station. 

-----:r:-t.Jhilt is- the opt irnum time en ronal ogy -o f(Jl=;s-8rv-5Fi oris on a ·.1 e6--ilrli:f-se~~sl).ii.'i'f-6~i-s c·----
and Hhat is the maximum allowable departure n~orn.these optimum times? (!~ey to 
chart prcna red under Item l \•I hen necessar-y for c l ari fi Cil thJn.). Bering Se·a· cruises 

1 

in January through June. Chukchi cruises July through October. 
---·-· Beau~ort cruises Jul:y through September~ At leasL.P.!!.I?. cr~j§_f!:'! _ _p~~---t?.~~---

IJ.. HOI·J marty s:~a days c-1 re required _f<;>r each ·1 cg'? (ilssume vesse 1 trui si n~l spt:Ed o i· ,. 

I 
ltl knots fot· NOAA vessels. Do not include nmning time fn11n port to beg!nninu-
rpdr~a~~d from end point to por·t and do not ·inc1ud2 a \'JP.atilel' facto1·.) . J 

--~~oo--you-cor1~sidcr yow·~1n-vesflgation to be the -prTnc:-i'pafone {o·t-tl1e oper.1·frt\·;i--fhii5-
requiring other activities to piggyback or could you piggyback? 
I could piggyback. 
Approxirnate·ly hm·l many vessel hours per day \·li"!l be requin-'d fm~ yotw uhS(!l'VJt:ion~. 
and must these hours be durin~) di:lyl-i9ht? Incllide an estimilte of Srinrp·l inr~- t'im~ on 
station and sample pr'Jcessing time beiJ·Jeen stu.tions. One day a week needed 
for running specific bird transects. Bird collections need to be done 

6. ~~~ar{Zqf~l~~"f~~e~fon~l~t \~o~fl-d~~f~~p:ct-t'l1(~ ship tn -provide?·---~--------------
Small boats and crew tor collect1ng 

: ·-9-:--r.TilT~~.--:·;u l'r.ci!l1re c:;nygasses and7ol::-·c:T,emi ca-·1 s·r~=-N.o_-==-:r+- yes, tiie~;- -shot:r;:r-be -en 
board ·:he ship pl'iOr to departun; from Seattle or time cl1o1·tcd for shipmfnt by 
ba rqe. 

-··----·---~-- .. ---------·--·---------------------- -------------------------·--------~ 
1 0. Do y0;,: t·,a v e a ship pre f c n.:>nce) e i til(>r r·m.I\A or rw n- rwr;f\ '.? lf "yes II p ·i ur. s c rwi:1e t:~t· 

vcssPl .;nd crivc the rcasc.n fo1· so spi•cif.Yil~fJ. While NOAi\ ships can be used 
for ice edge·work icebreakers will allow more freedom of movement. 

-~-1.-Tt.Y0i~ ·· :·cU..~-.~~~:cricT-i·.hc tl s c -or---al,oil=·au:r,--;:c-v(' s ;::c··r~--~ii1a t --, s · tf1c. -F[>I~sea-·cl2·~-:-··c: h;:: l=Lcr- --- ·· · .. 

l ?. • 

cost a;.d h:.:'tC: you veriiicd·'its availi·,:.lility · 

H0:·1 t.;ii~~::'·:;.::oi).Y(: r.ust y0u h.::v:> 0n ~)[,, ... --;:-:rrar-~:r.-11isg?--ir..:i~'d:::- 3 

punts, ~ -·:-ificalJy identifying any \•,,ho arc fon~ign nationtlls. 
Minimum ~f t~o. Maximum of three. 

737 ' 

1 .; s 1·: ·--;-~:· jl"' ,. ~ .; ,... : . 
. .. ~ \. . ' "·· . ! .... • 
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B. Aircraft Support - Fixed Wing 

1. Proposed flight lines. 

Flights out of Barrow needed to supplement shore
line o~d shipboard bird and ice observations. 
Time and location of flights dependent on location 
of ice. No more than four 3-hour flights needed. 

Two flights needed in late June to establish 
Cooper Island field camp. 

2. Types of observations to be mode. 

Mopping and photography of ice with some bird 
observations being mode to supplement coastal 
and shipboard observations. 

3. Optimum time chttonology for flights. 

Two flights in June and two in September of 
October for ice observations. 

Two flights needed in late June to establish 
Cooper Island field camp. 

4. Days of flight operations. 

6 days. 

Total flight hour•: 15 

5. I con piggyback with some whale flights. 

6. No special equipment required. 

7. Recommended aircraft. 

Twin Otter. 

8. Recommended source ~~f aircraft. 

NARL. 

9. · Charter cost. 

S350 per hour. 

10. People on board. 

Two. 

11. Recommended area that flights be staged from. 

Barro"'• 
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. 1_;~ -~-~f_;y~ :_:::-~~·-~~~1; P !'~:.}:!....:::.._': ..::~ v:~!~~~~~~~-------.. ···- _ ·------------- ____ --~---------·--- ··--· __ 
L D~lin~at\:! propos~J tr.::tn~et:.t:J <~Hd/t~t' st:,ttion uch~me on a chart of the ar(~n~ 

(Not.;: 11.' f!J~ht~ :1re for tr.1n~;pr,t't of p.:~::nomh!l or c~Juir,ment l)nly b~o.1 b.tsn 
camps r:o fi . ..:d.d c:nmps illl!l vi~;:1 v.r•rr.a, l'hat·t st.l~lt:tiH5i.on .i:; not.: nve...!Hs.try hut 
origin .:t;1d cle~.;tinution point:> ~;hould IH~ l.i.Bted) 

~elicoptei operations needed on cruises on ships that have 
/ helo pads. ----.. ----·-·-·-- ____________ .. ___ :...._ _____ ·~---·----·------··-··---·..:.-·--·----····-----·-···----
1 

\ 

I 
I 

2. DP-scribe typt~s of observnti.ons to be mad,~. 

Observations of ice types and limited bird censusing. 
Photographs of ice types. 

--------------------J. hh.::tt is the opti:mmi t;i:ne ChCOrtOlogy of OilHI:!i:"V<ltiOn.S on <I ~~t!d:->tHKll basi.~ ;cd Wil<1t 

is the ma~dmum allowable departure £rorn thase opti.mum times? 

At least one flight a week on appropiate cruises. 
-----------------------

5. 

6. 

How i::any days_ of helicopter operations are required and hm-.r many flight hour·~; 

per dny? Two hours each week. 

'J:otal flight hours? Depends on number and lenQ_t~ of cruises·-~----·-·-·-· 
How many people are required on board for each flight: (exclusi.ve o( the pih1t)? 

One 
------

\\1h'-lt nrc the weights and dimensions of E~qu:J.pment or supplies to be Lr:msiwrt.·~·.1 

- None. 

r--7':----wh:.tt typE! Of he]·j:C'optcr do )'Oll n~commend for your operations nnd Hh._y_? _______ _ 

r Any helicopter capable of flying off of ships • 

. ....:.......-----------------------------:----····--··---· 
8. Do you rc~comrr.end a particular source for the helicopter? If 11yc~s 11 pl.e;:w.:! n::me 

tbe source and the reason for your rccor.n-::lendation. 

No. 

-·- -·------... ~----·-----·-·------- ... --... --------·-~-----· ·-------~-....... *--·--.. - .. ~-~-----~····--·---·-
9. \.Jhat is the per hour charter cost of the bcH coptt:•e? 

N/A 
----------------------------------------·-------------------------.10. ~here do you recommend that flights be staged from? 

N/A 
. ------·--. ____________ .. ______________ _ -·--------- '----.,.;- ·-------------

No. 
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-----------------------------·---------·----·------··· .... ·-· ·--- ··-·-· - ..... ---·--· .. 
D. r~L'.\.,~.i ....... ) t\~··u J:.'·->~1 t...l t t:..\CE sr;:.:Pdrrr 

·---I-. -\~11:i·r-:irc-)•7;"lir·-:r~iiu rr-~!:i·.~n t:i- l'~.;r.-·(lit:li:-ft!C:~i-·iirui-;;l.li.~·!i Lt:l;r1~:~; · i ,;···,T~-.~ · r yz;yzc· :; i: ·.~-( .. -· · · 
(Th~~Ht! raqui r•?.nh~nt:!J ~;houlu b~ bro!<:t-~n dot-~n h:' (a) Jn,:at inn, (h) ca l~.·n{l 11· p ·c ior.l, 
(c) numhi-!r .. r P*~c;onntd per tlay nml l:ot:al lil<lll cl.1y~; p~~t· l"'r i.ud) 

Borrow - 100 mon doy~ needed for personnel in transit to and fro 
icebreakers and Cooper·Islond. Quarters also needed for per~onnel 
observing_fall migration of pagophilic sp~cie~ at Barrow. 
Cooper Island- 75 mon·days to study breeding in July and August. 

2. Do you recmrun .... nd n particular source for thJs 1;upport? If "yes" p] e.l!:it~ nmn~~ 
the source and th~ reason for your recornme~1da tion. 

Yes. 
NARL. 
No other support available-in Barrow 

- - ·-------- .. -~------ .... - ... ~---·- . .--~- ... ~~·-----

3. Hhat is your cst.ir::ated pt.~r can day. cost foi:" tid.::> Rtlpport HI: eneh loc.--1t"i"n'! 

8arrow - t79 ner ~ay 
Cooner Island - t15 ner ~ay 

HOl-1 did you derive thiu figure, i.e., '"hat portion reprl"S•~nt:.; qunrtl~n; ;,nd ,.:hnt 
portion represents subsistence and is the fir,un~ based on ~-~:-;t::::hl tshed C(\;::::1::-rc.i<I.I 
rate$ at the locution or on csti.:nated cost~; to l~Htablish nnd nniutain :1 fiLd.d 
camp? 

The above figures are based on information obtainer'l from NARL 
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XV. Management Plan 

The principal investigator will oversee all operations in 
the field, laboratory and office. He will participate in all 
cruises and be responsible for the preparation of all digital 
and narrative data. Should the proposed shipboard data entry 
system prove to be unworkable, data will be channeled through 
the AEIDC in Anchorage for keypunching and being put on mag-
netic tape. · 

Information on chronology of data gathering is given on 
the attached Milestone chart. 

XVI. Outlook 

At the completion of F Y 1978 this project will .have ob
tained an overview of bird species and densities associated 
with the pack ice during .times of maximum and minimum ice cover. 
Three years of information will have been obtained thus showing 
year to year variation in distribution and abundance. Predic
tive models can then be completed using 1975-78 data. 

The increased emphasis being given to trophic relations by 
OCSEAP has already provided much new information on feeding 
habits. If this emphasis is continued in 1978 by the start of 
F Y 1979 a large collection of stomach samples from ice inhabi
ting birds will have been collected. This will allow the primary 
and secondary prey species of birds at the ice edge to be identi
fied. 

Work to be carried out after F Y 1978 would include cruises 
similar to those planned for F Y 1978. The annual variation in 
ice cover and features demands that birds in and neXt to the ice 
be censused annually when possible. Future field work should be 
aimed at replicating observations and collections done in pre
ceding years as well as conducting cruises in.lease areas that 
have not yet had ice edge cruises. 

Funding for research after F Y 1978 should not exceed $50K 
per year. If da~a processing advances are realized there will 
be little need for assistants t~ be. employed when cruises are not 
being conducted. 
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XVII. 1. Updated Activity/Milestone/Data Management Charts will be 
submitted quarterly. 

2. Quarterly reports will.be submitted'in sufficient tinte 
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 ter
mination of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be pre
served, labelled, held, and shipped to an official OCSEAP-desig
nated 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 P. I. is prepared to 
travel to. the Project Office at l~·ast 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 (NOAA 24-13). 

6. Data will be submitted wi~hin 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 requirements (see par. 2). 

7. Within 10 days of the completion of a cruise or data gather
ing effort, a ROSCOP data collection inventory fornt (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 termin
ation.-

9. Three (3) copies of all publication or presentation manu
scripts 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 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 standard acknowledgement is acceptable. 
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