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DISCLAIMER 

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

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

I. Title and Task Statement Number 

Alaska OCS Program Coordination 
Research Unit 350 
October 1, 1978-Sept~mber 30, 1979 

II. Principal Investigator 

Mr. Donald H. Rosenberg 
Director 
Alaska Sea Grant Program 
University of Alaska 

IV. Background: 

III. Cost of Proposal 

A. 
B. 
c. 
D. 

Science 
Logistics 
Total 
N/A 

$90,079 
$0 
$90,079 

The large interdisciplinary research program being undertaken by the University 
of Alaska for NOAA requires internal coordination and special monitoring to 
insure the maximum efficiency of the scientific programs. Field 
equipment acquisition, personnel, contract reporting, data distribution, and 
information exchange, all required by the program, are beyond the normal scope 
of the University administration structure and require a central coordination 
to avoid duplication and confusion. 

V. Objectives: 

This project provides for the continuation of the OCS coordination office at 
the University of Alaska. This office has monitoring authority over all Task 
Orders under the University of Alaska's contracts with NOAA. This monitoring 
effort is limited to evaluation of the scientific effort being consistent 
with work statements, field data collection for consistency with Data Manage
ment Plans, establishment and maintenance of Data Management Schedules and 
the completion and submission of all required reports. The office also pro
vides keypunch service for both the University and other OCS research units, 
as identified by the Juneau project office, in order to insure timely sub
mission of all identified environmental data. 

VI. Strategy and Approach: 

The management staff consists of the following personnel: 

Donald H. Rosenberg 
Raymond S. Hadley 
Honique Schamell 
Cathy Williams 

Coordinator 
Data Manager 
Keypunch Operator 
Accounts Clerk 

In addition the following person is provided by the University: 

Helen Greschke Typist 
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The responsibilities of key personnel are as follows: 

Donald H. Rosenberg acts on behalf of the University of Alaska in 
any contract negotiations and in general supervision of the project. 

Raymond S. Hadley is responsible for the day-to-day management of the 
University,' s OCS contract, including all phases of Data Management, 
logistic coordination, and,report submission; he also acts as a point 
of contact between the Project Offices a~d Principal Investigators. 
In the role of data manager, Hr. Hadley supervises the work of Ms. 
Schamell, the keypunch operator and Ms. Williams, the OCS accounts clerk. 

Technical management for the task orders s'upported by this office is provided 
by the Principal Investigators of those task orders. This task order provides 
logistics, data, and contractual and fiscal management as outlined below. The 
University of Alaska agrees that the Principal Investigator can travel to the 
Juneau Project Office at least twice during the contract year, provided that 
such travel is in accordance with University of Alaska travel policy and 
consistent with other University duties of the Principal Investigator. Funds 
for travel have been allocated as "Administrative Travel" ~n previous FY budgets 
of this R.U. and remain for use during'this fiscal year. 

This office expects to undertake the following specific actions in partial 
fulfillment of the objectives of this work statement: 

1. Environmental Data Management 

a. To code data and to provide keypunching and supervlS10n 
of transfer to magnetic tape of data collected by the 
task orders under this contract. 

b. To submit data management plans for those task orders, or 
new task otders, as necessary. 

c. To submit data, procedures, and documentation as specified 
in those data management plans. 

d. To establish and submit schedules for data submission in 
accordance with data management plans. 

e. To provide keypunching for up to 30,000 cards for task 
orders outside the contracts specifically covered by this 
office. This will be done at the discretion of and re
quest from the Project Office providing the data to be 
keypunched is properly formated and in a readable form. 

2. Logistics 

a. To coordinate comments concerning the logistic project in
structions received from the Project Offices. It must be 
emphasized that timely receipt of the preliminary instructions 
is required. In so responding, charts of cruise tracts and 
lists of personnel to be involved in the operation, including 
necessary information for security clearance will be provided 
when possible and where appropriate. 
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b. Cruise reports will be formated and submitted, along with 
ROSCOP II forms, by this office as required by contract • 

. c. Copies of smooth plots and other cruise information are 
archived as received from the Proje~t Offices by the 
Institute of Marine Science Data Processing Office. They 
are rea.dily available to all Principal Investigators in-
volved in the OCSEAP Program. · · · 

3. Reports 

a. To coordinate and aid in the ,preparation .of all reports 
as required by the ~ontract. 

b. To insure that all required reports are submitted in 
accordance with the contract. 

4. Fiscal and Contract Management 

General contract management will be carried put by this office to 
insure that each aspect of the contract is carr led out f'or. the · 
benefit of both the government and the University. Fiscal manage
ment will be maintained by this office over contract 03-5-022-56. 
Fiscal management of contract 03-5-022-55 will continue to be 
maintained by the Business Office of the Geophysical Institute. 

5. Sorting Center 

Future contracts for Sorting Center work for OCS may be negotiated 
through .this office. Currently we know of no work 'extending into 
FY '79, with theexception.of possible work from R.U. 5 which is 
coordinated under this contract. · 

A. Sampling Nethods: 

Not.applicable. 

B. Analytical Hethods: 

Not applicable. 

VII. Deliverable Products: 

A. Digital Data 

This project acts as a conduit for data gathered under other task 
orders of this contract. Where necessary, the personnel of this 
task order format digital data to conform with OCS formats. Once 
the data is properly formated, the data is keypunched, listed and 
spot checked. After all questionable entries are resolved, the 
data is read on to magnetic tape,'a D.D.F. is filled out and the 
total package is forwarded to the.Contract Data Manager. Through
out this process, contact·is maintained with the Principal In
vestigator responsible for the data to insure accurate data 
submission. 
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Range checks are not performed. The accuracy of the data re
ceived by this office is the responsibility of the.Principal 
Investigator. 

This process, by past experience, insures that data submitted 
are as complete and accurate as possible. Any errors sub
seq.uently discovered will be traced and corrected through this 
office during the lifetime of the task order on whose behalf the 
data was submitted. 

B. Narrative Reports 

Quarterly, annual and final reports for task orders under this 
contract are submitted to this office for copying and forwarding 
to the appropriate project office, including the project reports 
on the activities of this office. 

Further, cruise reports, ROSCOP II, D.D.F and Data Submission 
Schedules are either prepared or funnelled through this office. 
This system provides for a single contact point when information 
concerning the reporting requirements of this contract are needed 
by the government or the University. 

C. N/A. 

D. N/A. 

E. N/A. 

F. The budget of this proposal, in part, constitutes the cost-estimate 
for data reduction CPF 8(a) for all task orders under this contract. 

VIII. Special Sample and Voucher Specimen Archival Plans: 

This office has agreed and continues to agree to negotiate a reasonable plan for 
collecting and maintaining Voucher Specimens for all appropriate tasks under our 
jurisdiction. As of this time, no such plan exists to our knowledge. We agree 
to review any plan proposed by NOAA/OCS, making comments and to reach an agree
able solution. 

IX. Logistics Requirements: 

N/A. 

X. Anticipated Problems: 

The nature of this task order is to handle the problems in contractual compliance 
for all task orders under this contract. We, therefore, do not anticipate any 
problem in solving problems that do arise. 

XI. Information Required from Other Investigators: 

Information necessary to create dat.a and report submissions must come from other 
Principal Investigators. This information is readily obtained from the in
vestigators under the contract managed by this task. Any work done for 
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investigators outside this contract must be funnelled through the appropriate 
Project Office, which takes responsibility for delivering all necessary information. 

XII. Activity/Milestone Chart: 

See Attachment 1. 

XIII. Outlook: 

The nature of this task precludes the necessity of answering this se~tion in an 
independent manner. This task must be maintained for the duration of involve
ment by the University in OCSEAP and, therefore, is dependent on the level of 
effort for all tasks assigned to the University. The level of funding in the 
future is also dependent upon the number and nature of those tasks assigned to 
the University. Basically, level funding in proportion to the total contracts, 
adjusted to allow for inflation, will be necessary. Should the program expand, 
however, additional funds may be necessary. 

XIV. Contractual Statements: 

a. A schedule for data submission for each task order has been, and 
will continue to be, submitted and updated each quarter. 

b. This statement is in accordance with our base contract, and we 
will continue to comply. 

c. See section VIII of this proposal. The University of Alaska will 
continue to negotiate a Voucher Specimen Policy with NOAA/OCS. We 
wil+ comply with the then agreed to policy. 

d. See section VI of this proposal. The University of Alaska agrees 
that the Principal Investigators can travel to the Project Office 
at least twice during the contract year, provided that such travel 
is in accordance with University of Alaska travel policy and con
sistent with other University duties of the Principal Investigator. 
Funds for travel labeled "Administrative Travel" have been allocated 
in previous funding cycles for this R.U. We believe sufficient funds 
remain for this FY. 

e. Data will be provided in the form and format agreed to by the 
University and NOAA/OCS in the negotiating of the Data Management 
Plans for each of the tasks falling under the jurisdiction of this 
office. Digital data will be accompanied by the D.D.F (NOAA Form 
24-13). 

f. As per Article 9 of the base contract, the University of Alaska 
agrees to the following: " •• .'all archivable data is to be sub
mitted 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." NODC Taxonomic Code will 
be used where appropriate for FY '79 data submission. 
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g. 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 Scientist. 
If the Chief Scientist represents the contracts covered by this 
office, the form will be sent through this office. 

h. As per the contract, the University of Alaska will maintain a 
property inventory including all information' required by form CD-281 
fot all non-expendable equipment purchased with funds allocated 
under this contract. Furthermore, we will comply with the quarterly 
reporting of said inventory. 

i. Three copies of all publications or presentation abstracts or manu
scripts pertaining to technical or scientific material developed 
under OCSEAP funding will be submitted to the COTR prior to publi
cation or presentation. Copies of all news releases mentioning OCS 
or using information gathered by OCS funding will be sent to the 
COTR. When made available, during the lifetime of the appropriate 
task order, five reprints will be sent to the Project Office. 

j. The following acknowledgment of sponsorship will be used: 

"This. study was supported under contract 03-5-022-56 
between the University of Alaska and NOAA, Department 
of Commerce through the Outer Continental Shelf En
vironmental Assessment Program to which funds were 
provided by the Bureau of Land Hanageme,nt, Department 
of Interior." 
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which will be updated quarterly by this office in coordination with the principal investigator of 
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University of Alaska 
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(907) 224-5261 

A. B. Frol, Director 
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University of Alaska 
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Juneau Project Office 

MARINE LOGISTICS SUPPORT 
Research Unit 351 

Total Cost $18,000 
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Institute of Marine Science 
University of Alaska 
airbanks, ALaska 99701 

10 

Keith B. Mather' 
Vice Chancellor for Research and 

Advanced Studies 
University of Alaska 
Fairbanks, Alaska 99701 
(907) 4 79-7314 



I. Marine Logistics Support 
Resea~ch Unit #351 

II. Principal Investigator: 

Ms. Dolly Dieter 
Marine Superintend~nt 
Institute of Marine Science 
University of Alaska 

III. Cost of Proposal 

A. Science: 
B. Logistics: 
C. Total: 
D. Lease Areas: 

$18,000 
-0-

$18,000 
N/A 

IV, V, VI. This project will provide general logistical and sea-going technical 
support for all OCS-related research at the University of Alaska. One marine 
technician position is requested. This individual will support the scientific 
cruises proposed for FY79 by other University R.U. 's. In addition to duties at 
sea, this technician is responsible forshorebase equipment maintenance for various 
OCS projects. -

VII. B. Quarterly, annual, and -final rep~rts will be submitted in accordance 
with the contract. 

VIII. N/A 

IX. N/A 

X. N/A 

XI. N/ A 

XII. See attached Milestone Chart. 

XIII. .Appartently, this project is winding down. Should a further need for 
additional technical support or R/V Acona ship time be necessary, we 
hope to be contacted. 

XIV. Contractual Statements: 

A. A schedule for data submission for each task order has been, and 
will continue to be, submitted and updated each quarter. 

B. This statement is in accordance with our base contract, and we will 
continue to comply. 

C. See Section VIII of this proposal. The University of Alaska will 
continue to negotiate a Voucher Specimen Policy with NOAA/OCS. 
We will comply with the then-agreed-to policy. 

D. See Section VI of this proposal. The University of Alaska agrees 
that the Principal Investigators can travel to the Project Office 
at least twice during the contract year, provided that such travel 
is in accordance with University of Alaska travel policy and con
sistent with other University duties of the Principal Investigator. 
Funds for travel labeled "Administrative Travel" have been allo
cated in previous funding cycles for R.U. 350. We believe sufficient 
funds remain .for this FY. 
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E. Data will be provided in the form and format agreed to by the 
University and NOAA/OCS in the negotiating of the Data Manage
ment Plans for each of the tasks falling under the jurisdiction 
of this office. Digital data will be accompanied by the D.D.F. 
(NOAA Form 24-13). 

F. As per Article 9 of the base contract, the University of Alaska 
agrees to the following: " ... all archivable data is to be sub
mitted to the contractor to the Contract Data Manager within 120 
days after acquisition. Certain data sets such as plankton'counts 
or volumes_ ar.e not available until sorting of samples is complete. 
The data so obtained are archivable 120 days following the actual 
sorting or other laboratory procedure." NODC Taxonomic Code will 
be used where appropriate for FY79 data submission. 

G. Within ten days of the completion of a cruise or data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23) will 
be submitted to the Project Data Manager by the Chief Scientist. 
If the Chief Scientist represents the contracts covered by this 
office, the form will be sent through this office~ 

H. As per the contract, the University of Alaska will maintain a 
property inventory including all information required by form 
CD-281 for all non-expendable equipment purchased with funds 
allocated under this contract. Furthermore, we will comply with 
the quarterly reporting of said inventory. 

I. Three copies of all publications or presentation abstracts or 
manuscripts pertaining to technical or scientific material 
developed under OCSEAP fudning will be submitted to the COTR 
prior to publication or presentation. Copies of all news releases 
mentioning OCS or using information gathered by OCS funding will 
be sent to the COTR. When made available, during the lifetime of 
the appropriate task orde~, five reprints will be sent to the 
Project Office~ 

J. The following acknowledgment of sponsorship will be used: 

"This study was supported under contract 03-5-022-56 
between the University of Alaska and NOAA, Department 
of Commerce, through the Outer Contintental Shelf 
Environmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Department 
of the Interior." 
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1. COVER SHEET FORMAT 

Proposal Date: June 23, 1978 

To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

Contract #: 03-5-022-81 
~-----------------

Task Order #: E(2,4,6,7 ,8,9)F(2,11) 

NOAA Project·#:--------
Institution ID#: 100-FCAD 

-~-------

FY 1979 RENEWAL PROPOSAL 

Research Unit Number 356 _..:;::..::..:: ___ _ 

TITLE: Environmental Assessment of Selected Habitats in the Beaufort Sea Littoral 

System 

I o5, 5 oo afNS 

Cost of Proposal: $ $165,55} Lease Areas Beaufort 100 % 

(If joint proposal, show cost % -------· 
for each institution; if more 
than one fiscal year, show 
cost for each year - SEPARATE BUDGET SHEETS ALSO RF.QUIRED) 

Period of Proposal: October 1, 1978 through September 30, 1979 
(If proposal is for other than this perjod,. please explain) 

NOTE: PLEASE INCLUDE APPROPRIATE AGENCY SIGNATURES ON THIS OR AN ATTACHED SHEET. 

. Principal Investigator:. 

A. C. Broad 
Department of Biology 
Western Washington university 
Bellingham, WA 98225 

(206) 676-3632 

Officer authorized to sign 
for the University: 

s2 r;:-Ke~ly, 11~£r Grad-
uate Affairs and Research 

Western Washington University 
Bellingham, WA 98225 

(206) 676-3170 
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Financial Officer: 

' /'/ ~~-~ l_ A.~----j__ 
Harriet Axlund, Project 
Fiscal Officer 

Western l~ashington University 
Bellingham, WA 98225 

(206) 676-3200 



3. Technical Proposal 

I. Titl~: Environm~ntal Assessm~nt 6f Selected Habitats in the Beaufort 
Sea Littoral System 

Research Unit: 356 

Contract Number: 03-5-022-81 

Proposed Dates of Contract: at least through September, 1981. 

II. Principal Investig~tor: A. Carter Broad 

III. Cost of Proposal for Federal Fiscal Year: 
A. Science $165,5Sl l05, sod~ 
B. PI provided logistics 
C. Total $165,551 lOS, 5ootfi1B 

C. Distribution of effort by Lease Area: 
1. Beaufort Sea: $165,551 1 os 1 soo tlb/3. 

\00 ?o 
IV.- Background: This project began in 1975 as 11 Littoral Survey of the 

Beaufort Sea. 11 Although there have been three changes of project 
title since that time and, for 1976 and 1977, extensions of work in
to the Chukchi area, the major thrust has been toward comprehension 
of the functioning of that portion of the Beaufort coast variously 
called intertidal, littoral, nearshore or inshore. Our concern has 
been centered on the zone between the upper reaches of customary 
wind-driven ••tides 11 and the part of the marine environment where we 
interfat:e with the work of Carey (RU6)--usually at about 20m depth. 
Within .this region, our work in 1975 and 1976 was centered mainly on 
the littoral or nearshore zone (upper shoreline to 2m depth). Be
ginning in 1976 and continuing through 1978 we have i.ncreasingly 
concentrated on the inshore region between 2m and 20m deep. In this 
Beaufort Sea littoral (and inshore) system, we have i-nvestigated: 
1) the structure of the biotic communities that exist: ·originally in 
enumerating and quantifying species present, ultimately working to
ward comprehension of the way the system responds to perturbations; 
and the ultimate sources of energy and nutrient materials; 2) the 
stability or annual variability in species composition at selected 
habitats; 3) reproductive activities of major species as shown by 
periodic samples and the significance of the littoral zone as a nur
sery area. 

Specific projects that contribute to these opjectives are: 
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A. Characterizati..on of littoral communities including marsh and 
beach plant communities. This part of our work was completed 
(reconnaissance aspect) in 1976 for the Beaufort Coast and 1977 
for the Chukchi. Data include species lists and abundance cri
teria. This portion of the work of. RU356 is an arctic equivalent 
of that of Zimmerman (RU79) in the Gulf of Alaska and Bering Sea, 
and uses, as appropriate, the same techniques and the same data 
reporting format. · · 

B. Repetitive sampling of selected beach and 1 ittoral marine tran
sects for data on seasonal and annual population fluctuations 
and phenological (seasonal) phenomena such as reproduction~ This 
program was begun in 1976 and continues through 1978 with tran
sects extended to cross lagoons or to depths greater than 2m. 
This program. interfaces in several respects ·with the Beaufort· 
Sea barrier island-lagoon ecological process study of LGL, lim-
ited (RU467). . 

C. Effects of various pertureations (enrichment, inundation by sea 
water; cover by sand, contamination with oil) on the physical 
structure of salt marsh communities at two selected sites. This 
study also is concerned with ecological processes in salt marshes 
and possible contributions of salt marshes to food webs of the 
littoral, marine system. Ecological work in salt marshes was 
begun in 1977. · 

D. Characterization of the benthic and epibenthic biota of the in
shore region (between 2m and 20m). This program was begun in co
operation with RU6 in 1976 when the R/V ALUMIAK first became 
available.- In 1977 we continued the sampling of the Beaufort 
iJJshore area. In 1978, this sampling wi.ll be almost entirely 
within the Bea.ufort lease zone. Carey (RU6) continues to sam
ple benthos of water deeper than 20m. 

E. Food of s~lected Beaufort 1 it:toral species with especial refer
ence to detrivor~s and the role of peat of terrestrial origin in 
Beaufort littoral food webs. This project, begun in .1977, con
tinues in·l978:. We have found peat fragments in the stomachs of 
Beaufort invertebrates and have demonstrated in the laboratory 
that amphfpods {Gammarus) and isopods (Saduria) will ingest peat. 
We are les·s certain of the nutritional contribution made by peat 
(or by the epiflora). Current research is addressed to this and 
to qdditional major species. Other aspects of this general 
problem are of concern to the LGL group (RU467). . 

F. The biota of the "Boulder Patch. 11 Reimnitz (RU205) and others 
have reported the existence of boulders on the sea bottom near 
Narwhal Island in the Beaufort lease zone and have documented by 
photography the existence of a rich, sessile community not other
wise known from samples of the inshore zone. We will 'investigate 
these sites in 1978 to characterize this community {species and 
quantitative data) and to estimate its extent. · 
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G. Determination of benzopyrene hydroxylase activity in Beaufort 
littoral and nearshore fishes (see Payne.and Penrose, 1976. 
Science : 191 : 945}. This project began in 1977 with work on 
technique and should be completed in 1978. Data obtained should 
provide a pre-development baseline. Whatever levels of activity 
are obtained should be 11 background 11 or due to natural hydrocarbons. 

The work remaining and addressed in this req·uest is: 

A. Laboratory analysis of samples taken in 1977 and 1978. 

B. PessiHe as ifuHeateEI by 1978 data follow tiP te ·tHetffee 
anetl:ler s ummer• s Eli •1i A!'J i R the "Bo1:1l del" Patch 11 area. 

~t. Continuation of the study of food and energy sources of Beaufort 
littoral and nearshore species. · 

D. Possi~le final visit to marsh sites to assess experimer:tts begun 
in 1977 ana 1978. 

V. Objectives: The general objectives have been referred to above. The 
specific objectives of this fiscal year are: 

A. 

a j. 

Continue laboratory analysis of nearshore and inshore Beaufort 
samples. At this· time, we have nearly completed analysis. of the 
1977 samples taken from R/V ALUMIAK. We still have littoral 
samples from the Beaufort·and from selected Chukchi sites that 
have not been done. In 1978, we will add samples from the 
Boulder Patch, the third ALUMIAK cruise, and the final year of 
littoral sampling.· These must be sorted, species identified, 
weighed, a~d the data reported. 

Follow:tlp samf)ling of the 8o1:1lder Patch. Tt:tere c~:Arrently is 
.peasot:r to believe .tl:iat. there •ft'ill be a Reed to return te tl:ie 
Bottiaer Pt1 tell i'r1 1975} to eoftfi l"fll 1978 eeserva.ti ens af.u;k t9 .. t.:url p. 

. a;;&ess effeets ·of 1 oca1 e>fti rpati oRs. 

Complete investigations of food and energy sources of littoral 
and inshore Beaufort species. It is likely that a third season 
will be required to complete this work. 

·o. FiRal ~isit te marsh sites. Pert1:1r8atioR exf)eriments begyR-fn 
~ife~ assessee! thrm:~gh tl:lat grov.'ing season at=td in -1979: New. 
~pePimeAts have seen added in 1978. · A--=R.ne.l visit in 1979 to 
assess bQth oue aRd t> .. :o yea!" old eFwirorimeRtal insylt.s is it=tdi.:-

_eated. Qyr plots s1:1rviveel the 1977 78 wiRter and f:lave ~eeR 
ideRtifhu.:.l agair:t iR 1978 8y persennel nm•,• iR tl:le fi9ld A 197~ 
assessmeRt of 1977 experiments is fee.siele. 

'RI5.V1'61:S:D 
These objectives are r..<hsistent with the statement of goals for this 
unit contained in the7A~Pil 21! request for renewal proposal from Drs. 
Weller and Norton. 
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· VI. General Strategy and Approach: Our laboratory methods are those 
used previously and are reported briefly below. The procedure is 
standard in sorting laboratories. In exceptional instances, we 
subsample, but usually we count entire samples. 

Gra and dreges are frequently used to obtain density 
and t determine distribution patterns of marine bent c 
biota. ollection of biota by these methods has two ser
ious 1 imi tions: (1) many species may not be sam ed that 
could easi be observed by divers; and (2) grab and 
dredges are n t efficient on hard, rocky substr es. · In 
numerous studie of marine organisms, direct servation 
and collection Wl the use of SCUBA has gr tly enhanced 
the quality of info ation obtained. ·For his study, the 
use of SCUBA will be aluable in describ" g this rock com
munity and its associa d biota. 

Three divers and a boat t der, base on Narwhal Island, 
will sample the area from a ut Ju 20 to August 19 when 
it is expected the sites will e ainly ice free. The use 
of a 21-foot Boston Whaler (or RUivalent) for transporta-

- tton to and from dive locatio d housing and wet lab 
·facilities on Narwhal Islan will required. Housing 
facilities provided by OC AP in Pru e Bay will be needed 

4 

between sampling trips. · 

Sampling sites will selected for the pr ence of suitable 
substrata. ·Sites 11 be located by explora ry dredging_ 
and with a recor ng sonograph. Sonograph ·rec dings are 
extremely usef for locating bottom growth beca se of the 
cha racteri s t · echoes from rocky bottom areas. Q nti ta
tive sampl" g will issure that representative speci ns of 
all alga and invertebrates are collected for identi a
tion. ater temperature, salinity and turbidity measur 
ment will be taken in the field in addition to hydrograp ic 

· and eteorological measurements on the surface. Underwate 
p tographs of the biota and of the community will be taken 
t a!l sites for subsequent determinations of cover per 

Laboratory studies of food of Beaufort Sea specje~ will be based on 
gut and fecal pellet analyses of animals captured in the field. In 
addition, feeding arid uptake experiments will be conducted. Speci
fic experiments for 1979 will depend upon results obtained in 1978. 

Th-e.J.i.r:la-1 vim ts marsh sites ~li 11 -l:le te ~t~eas~:~re cever ar:ld pl aRt 
grewtb .ifl expe~~R'IeAtal plets egtablisfie~ in 1977 aRe 1978. 
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ers will work in teams of two with one alternate diver sta 
by a safety precaution. Divers will rotate betv1een ac · e 
standby ty, and dives will be made on successive day r as fre-
quently as ther permits. During sampling, one d' er will be re-
sponsible for photography and the other col ion of organisms. 
Both divers will r ord observations concer · g the community on 
underwater notepads. i ve times should . ge between 30 and 40 
minutes with two dives · g done pe ay. A rest and warm-up per-
iod will follow the first be e the divers re-enter the water 
the second time. The spare di and boat tender on the surface 
will record meteorological d hyd raphic data, assist the divers 
and transcribe data wher er necessar All divers will have at 
least the equivalent a B.S. degree in arine Zoology, Botany, or 
Biology as well a expert diver experience. · 

Samples in nt ecological 
methods estimating percent cover by species, plant · ht (growth), 
prod ion during a season (biomass) in quadrats treated v ·ously 

twater, sand, oil, etc.) and quadrats not treated. 

VIII. Analytical methods: Our principal task for 1979 will be laboratory 
analysis of samples. These samples are field screened and preserved. 
In our laboratory in Bellingham, the samples are sorted to remove 
and categorize all organisms, organisms are identified and further 
sorted by species, each species is counted and wet weighed. The 
specimens from each sample are preserved and stored pending in
structions for permanent archiving. The raw data are entered into 
computer storage and reported to NODC (intertidal data format). For 
quarterly and annual reports, these data are standardizeq to per unit 
bases (per m2 for benthic, per 50m tow for epibenthic) or otherwise 
treated for statistical analyses. Procedures used are those employed 
since 1975 and have been reported in detail previously. 

The general methods employed in examination of gut contents and fecal 
pellets and in feeding experiments have been described in our 1978 
annual report (Broad et al., 1978t in Environmental Assessment of the 
Alaskan Continental Shel~ Annual Reports of Principal Investigators 
for the year ending March, 1978. NOAA/BLM in press). 

IX. Deliverable Products 

A. Digital Data: Our digital data are those of Intertidal data for
mat 030 (NODC File Type 030). The attached summary of File Type 
030 indicates those data collected or to be collected and submit
ted. Not all data are pertinent to every sample (for example, 
measurements along a transect line when there is only one site per 
station). We do not use numbered photographs. Our sampling pro
cedure does not utilize grids. We do not report lengths, ages, 
or displacement volumes of specimens nor are these data pertinent 
to our samples. We do not measure either pH or atmospheric pres
sure. Except for plant data, we can not report dry weights of 
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o.rgaryisms collected until an OCS policy on long-term storage of 
speC1mens has been set. Obviously, drying soft-bodied animals 
is inconsistent with specimen storage. 

The attached digital data products schedule indicates that data 
to be submitted during the period covered by this contract in
clude some we had hoped to submit earlier. This slippage in 
our milestone chart has been noted below and elsewhere. 

B. Narrative reports: In addition to the usual quarterly and an
nual reports, we will submit during this year a paper for publi
cation dealing with the littoral and nearshore benthic biota of 
the Beaufort Sea, and one on a new sampling device. Papers on 
marsh ecology and food of marine invertebrates are in process and 
may be submitted this year. There will be special sections in 
reports on the biota of the Boulder Patch and on benzopyrene 
hydroxylase activity levels in Beaufort fishes. Both of these 
could ultimately be published. 

C. Visual data: Charts and maps will accompany reports and manu
scripts as appropriate. l>Je are working on a set of maps some
what comparable to the Atlas produced by RU79, but this probably 
will not be ready this year. 

D. Other, non-digital data: not applicable. 

X. Quality Assurance Plan: Our monitoring instruments are all relatively 
simple and are calibrated in our lab before each field season. 

A. Our salinity/temperature records (Y51 model 33 SCT meters) are 
to the nearest whole part (salinity) or Celsius degree (temper
ature). We check our instruments against known standards. at 
the start of the field season and (for temperature) periodically 
during the season. Thermometers are checked against an ice
water mixture. Other instruments used (compasses, wind guages, 
etc.) are not calibrated since the accuracy of reading probably 
is less than errors of calibration. A non-functioning instrument 
is obvious to the user. 

B. Our quantitative samples are taken with essentially non-adjustable 
bottom grabs (O.lm2 Smith-Mcintyre, 0.023m2 Ekman or Ponar) or are 
only roughly quantitative (dredges, trawls, plankton nets, traps, 
other collecting). Certain data have been taken by counting or
ganisms within quadrat frames of fixed sizes (0.25m2, 0.0625m2). 
Benthic samples are screened in the field and all material re
tained on a 0.516mm screen is preserved as the sample. Preser
vation is with 10% hexamine-buffered formalin. 

C. Analysis of biological samples has been treated above. He main
tain continuous contact with the Marine Sorting Center of the 
University of Alaska to assure taxonomic uniformity between our 
unit and others. 
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D. Our raw data are reported to NODC on file Type 030 (Intertidal 
Data format). The same data are stored in our computer. vie 
use various programs to recall, standardize and analyze data 
for specific purposes. Examples of these are: species lists 
by area or by depth intervals; quantitative data (number per 
m2 } by location; Shannon-Weaver diversity indices by station or 
by more general location; salinity/temperature profiles; beach 
profiles; sediment distribution; etc.). In addition, all field 
notes, journals, sample inventories, data sheets on which com
puter cards are based, and computer cards containing the data 
are filed. 

XI. Specimen Archival Plan: We have retained all specimens and samples 
collected since 1975 and are waiting for instructions on permanent 
storage. 

XII. Logistic Requirements: Logistics requirements are estimated on the 
attached sheets--but these are largely guesses since details of 
field operations can not be known until after the coming field sea
son. 

XIII. Anticipated Problems: Because what is proposed is a continuation 
of existing programs, we do not anticipate any problems--provided 
that the current (1978) Boulder Patch diving expedition is success
ful. 
Continfency Plan 
Our on y field operations will be a possible follow-up-on the 
Boulder Patch investigation and a final visit to the marsh sites. 
There is almost no way that v;eather could prevent the latter, and, 
if ice makes diving at the Boulder Patch impossible, we would use 
the same divers and gear (with quite different logistic require
ments) for a similar operation in Simpson Lagoon, the Colville 
delta, or the mouth of the Canning River. 

XIV. Information Required from Other Investigators: We are dependent on 
none, but see Section IV for relationships with R.U. #'s 6, 205, 467. 

XV. Management Plan: The Principal Investigator will be the proJect 
manager. He will be supported within the university by a Bureau 
for Faculty Research and Computer Center. Dr. Schneider will be 
responsible to the PI for experimental and other work at NARL, 
Barrow. Dr. Mason will be responsible to the PI for research in 
Arctic marshes. ~1r. Koch will be responsible to the PI for lab
oratory operations in Bellingham. A computer programmer (part 
time) will be responsible to the PI for data management and liason 
with NODC. 

An updated milestone chart is attached but the next section deals 
with an extension of this. 
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File Type 030 

Intertidal Data 

Common to all records 
*File Type 
*File.Identifier 
*Record Type 
:station Number (Record Types 2~3• 

Sequence Number ( 1
' " " 

11 

Record Type 11' - File Header 
*Vessel Name/Cruise Number 
*Cruise Dates 

and 4) 
") 

*senior Scientist/Investigator/Institution 

Record Type 1 2 1 - St~tion Header 
*Geographic Position 
*~ate/Time 
* Surface l~ater and Air Temperatures 
*Salinity 
* Secchi Depth 
*Weather (codes) . 
* \'lind/Sea Sta'te: (codes) 
* Beach Exposure Direction 
* Substrata Type (code) 
* Habitat Description (codes) 

Record Typ~ '3' - Site Header . 
Catalog/Photograph Numbers 

*Gear 'Type (code) · 
*Transect Number/Direction 
*r.reter NtL'ilber 
* SaJ'Jple/Zone/ Arr0\'1 Nt.Uil.ber 
*Qudrat Size/Elevation/Slope 
*substrata and Surface Topography 

Types (codes) 
*Collection Time 
*Sieve Size 
*Dilution Volume 
*Sediment Volume 
*Grain $ize 
*Grab Number 
*Patch Grid Size 
* Total 1\'ork Area 
~umber of Grids Occupied 

* Distance of Net . Tol-l 
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Record T)~~ '4' - Sa~ple Data 
*EDS Ta:xonomic Code/Subspecies 

(code) 
*Sex (coae) 
*Sample Condition (code) 
*Percent Coverage 
*count of Species 
*1qet and Dry l·;eights 
1-tinir..um/Ma.:x:imum/~!ean Lengths 
1-linimumfl-!<l.Xir::um/~-~ean \•:idths 
1-tinimunl,~a:x:inum/Mean Age 

*Small/Medi um/.Large Frame 
Displace2~nt Volnde 

*Dilution Volume 
*Plant Height· 

Record Type 1 5 1 - Individual 
Sample Data 
*EDS Taxonomic Code/Subspecies 

{code) * . Sex (code) 
*Sample Condition (codes) 

Acre 
*-t!;t/Dryl ,,~eights 
Length/l~ic:'!th of Sample 
Displacei:!ent Volu;ne 

Record Type '6' - Profile Uat.a. 
*Oxygen 

pH and pP. Scale (code) 
*Temperature ~nd Salinity 
*Permafrost Depth 
*·Secchi Depth -
*Grain Size (Phi unit levels) 

Record Type '7' - Te:x:t 
*T /C . e:x:t O.r.';::.ents 

1
dry weigh.ts cannot be determined 
·if specimens are to be archived. 
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DIGITAL DATA PRODUCTS SCHEDULE 

Estimated Proc~ssing ond 
Volume OCSEAP Forma.tinz done Collection 
(Volume of Format by Project Period Sub::1issicn 
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5 tapes is most 030 yes 1977 Samples 6/79 
likely. Impossible 
tci estimate the 
number of bytes 

" II II 1978 other data 12/79 
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0 - Planned Completion Date 

X - Actual Completion Date 

RU U 356 PI: ___ A_. __ c_a_r_te_r __ B_ro_a_d __________ __ 

Major Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc, 

1978 1979 
~UWOR MILESTONES June 0 N D J F M A 

1---

Reporting 1976 data to NODC X 

Laboratory Analysis of 1977 samples I 
Reporting 1977 data to NODC 

1978 field data 0 
1-

---Laboratory analysis of 1978 data 1<::.. 

Laboratory Analysis of Boulder Patch Dat~l978 0 

Completion of marsh ecology 0 

Studies of food & feeding --
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Final report --
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XVI. Outlook: At the end of the period covered by the current proposal, 
we should be finished with the work we originally set out to do 

. except that there will be biological samples not yet analyzed. 
Over the years, we have collected considerably more material than 
was originally thought we would. The problems of picking out and 
identifying organisms have proved to be considerably more time
consuming than we had thought. -finally, tt.lere wi 11 be 5;gme matet" 
hl con ecteEI in 1979 tAat wi 11 not reach our 1 ab I:IAti 1 Rear ttle 
8Rd gf Fiscal 1979. · · 

If we encounter no real surprises in the Boulder'Patch (a difficult 
assumption to make before the first dive:!), \'/e should have character
ized it and plotted it with reasonable 'finality. Any continuation 
of the program beyond this period should be part of a new contract. 

Similarly, any continuation of the feeding experiments beyond fiscal 
1979 probably should involve another contract. 

We Glo AOt recolfllfleREI coRtinbliRg tAe marsl:l J3ertwr9ation stud;y beyond 
t979 I:Htless tl=lis is EloRe as a separate coRtrGtct aRd unless the 1-918 
results yield some URaRtici~ateEI iRformatien. 

Therefore, we should like to continue this contract through fiscal 
1981 on the following basis: 

1. A. C. Broad to continue nominally as PI for administration 
and reporting. 

2. Helmut Koch to assume additional responsibilities in labor
atory and data management. 

3. A budget of-about ?OK in 1980 for salaries and wages of 
personnel in Bellingham, minor supplies, and minimum travel. 
In 1981, the budget should be considerable smaller--perhaps 
40K.· 

·After 1979, we would do no field work and·have no logistic require
ments. We expect .all lab work to be completed in mid 1981 with all 
reports completed that year. · 

On the other hand. if new lease areas~-especially to the east of the 
Canning River, or if a winter exploration of Simpson or other lagoons 
or of the inshore Beaufort becomes a reality, we feel our group has 
expertise and experience that would be valuable, and ~ight want to 
change the above. This, however, should be thought Df as a new or 
separate venture. 

XVII. 1. Updated milestone charts will be submitted quarterly. A schedule 
for processi.ng and analysis of past year's data will be submitted 
to the Project Office upon request. 
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2. Quarterly Reports will be submitted to the appropriate Project 
Office during the contract by the first day of January, July, 
and October, Annual Reports by April 1. The Final Report will 
be submitted within 90 days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be pre
served, labeled, held, and shipped to an official OCSEAP-des
ignated repository in conformity with OCSEAP voucher specimen 
policy. 

4. At the option of the Project Office the PI is prepared to travel 
to the Project Office at least twice during the contract year 
to review project status and progress. Such r~views will be 
scheduled on dates mutually satisfactory to both parties. It 
is understood that costs of the travel and per diem for these 
trips will be borne by the Project Office. 

5. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a written 
waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data gath-· 
ering effort, a ROSCOP data collection inventory form (NOAA 
24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains with 
the U.S. Government pending disposition at contract expiration. 
New equipment purchased will be reported quarterly and inventor
ied annually. The PI will maintain inventories of all expendable 
and non-expendable equipment purchased with OCSEAP funds. Infor
mation will be recorded as shown on form CD-281, "Report of 
Government Property in Possession of Contractor" (copy attached) 
Updated copies of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or presenta
tion which pertain to technical or scientific material developed 
under OCSEAP funds will ·be submitted to the appropriate Project 
Office at least sixty (60) days prior to release, for informat
tion 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: 
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"This study was supported by the Bureau of Land ~lan
agement 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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Dr. Gunter Weller 
Dr. David Norton 
0. C. S. E. A. P. 
Arctic Project Office 
University of Alaska 
Fairbanks, AK 99701 

Dear Gunter and Dave: 

N. A. R. L. 
Barrow, AK 99723 

July 28, 1978 

I offer the following changes in my proposal for RU 356 for 
fiscal 1979. I have been authorized by Western Washington 
University to negotiate these modifications. 

1. Revised objectives: I propose the deletion from 
my original proposal of the second summer bf invest
igation of the buulder patch located between Narwhal 
Island and the mouths of the Sagavanirktok River and 
of the final visits to the Beaufort and Chukchi Sea 
marsh sites where ecological investigations have been 
carried out in 1977 and 1978. 

Our scientific objectives for 1979, therefore, are 
laboratory analysis of samples collected in 1978 
(plus some remaining from 1977) and the c~ntinuation 
of experiments ~ealing with nutritive and energy 
sources for predominant~ littoral and nearshore 
invertebrate species. The laboratory analysis is 
but the completion of field work done last year and 
wotk in progress now~ Our experiments on feeding 
and energy sources are currently so promising that 
we feel continuation is essential to comprehension 
of the nearshore arctic ecosystem. 

These two objectives are essentially unchanged from 
those in the proposal submitted on June 23. The delelet
ed objectives are no longer pertinent. 

2. Revised budget: The work I propose to do will 
cost an estimated $120,489, which breaks down as 
follows: 
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Salaries 
Fringe 
Travel 
Supplies 
Overhead 
Total 

$66,056 
14,603 

f,500 
1,500 

36,530 
$120.489 

In your guideline for RU 356 for 1979 the cost of 
our work was estimated at $105,500, and I. under
stand that we are to function within that guide-
1 ine. ThE difference between what I believe will 
be the cost of the work I propose and the Federal 
funds available for 1979 ($14,989) will be contrib
uted by Western Washington University or may come 
in part from previously author1xed funds 1f these 
are not fully expended this year. 

I reiterate that I hQve been authorized by Western 
Washin ton University to make this commitment of 
University unds. he n1vers1ty w1 
this rather than further reduce these 
a level I feel is not acceptable. 

3. The deletions from my original proposal: Because 
this revised proposal does not include two field 
projects, the task of the P. I. will be simpler. So, 
I have reduced ny own commitment to the project from 
7.5 months to 6 months. I see no need in this revis
ed proposal for me to be involved in field operations 
in Alaska and currently plan to limit myself to super
vision, report writing, and administration which will 
be done largely in Bellingham. 

At this writing, our team of divers under the leader
ship of Ken Dunton has completed about one-third of 
their 1978 field work on the rocky bottom between 
Narwhal Island and Point Brower that Erk Reimnitz 
has cal led the Boulder Patch. It is, as had been_~ 
anticipated, a unique habitat in the Beaufort coast
al zone. fThl site on which we dived is slightly 

~leas than ~.miles northeast ofi the Exxon artl~
icial island in the Sagavanirktok delta. We now know 
it is different from any habitat we have encountered 
in the Beaufort Sea. We do not yet know the extent of 
the rocky area,· although we expect to have data on this 
by the end of next month. We do not yet understand 
the ecological role of this Boulder Patch in the 
Beaufort lease zone. We do not vet know whether these 
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rocks harbor species not found elsewhere in the 
American Arctic. 

The work has gene well and looks very promising. 

Deleting the continuation of the Boulder Patch 
investigation from our proposal was a difhcuit thing 
for me to do. I can not justify having done so on 
scientific grounds. The money simply is not there. 
and I have removed the Boulder Patch from our proposal 
reluctantly for that reason. I shall continue to 
look for ways of financing the continuation of this 
work. especially in view of the fact that most of 
the major expenses (boat. equipment) of dotng so 
are behind us. A second season in the field will 
be relatively inexpensive. The work has proved to 
be feasible and the effort has been productive. 

Finally. I have deleted a third season of visits 
to our marsh ecology sites~ We have learned this 
year that the marshes have not recovered from 
ecological insults or perturbations done in 
1977. Especially in view of the fact that new 
experiments were begun this year, it seems to me 
a shame not to ~~end the'relatively minor amount 

. that would be required to make a third season's 
observations when our original experiments will 
be two years old. 

I enclose a revised proposal in which the corrections are 
made in ink and the significant ones initialed by me. 
These correct1ons are a proved b Western Washln ton 
University. A retyped proposa 1 can be submitted 1 

you wish. 

Sincerely yours, 

~ 
A. c. Broad 
Professor of 8iology 
Western Washington University 

cc: Sam Kelly 
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3. Technical Proposal (Addendum) 

I. Title: Environmental Assessment of Selected Habitats in the Beaufort 
Sea Littoral System 

Research Unit: 356-W 

Contract Number: 03-5-022-81 

Proposed dates of addendum: October 1 - September 30, 1979 

II. Principal Investigator: A. Carter Broad 
Associate Investigator: David E. Schneider 
Assistant Investigator: Ken Dunton 

III. Cost of addendum: $125,000 

IV. Background: Two specific projects are covered in this addendum. 
These have been developed by the Associate and Assistant Investiga
tors in concert with the Principal and are treated below. The text 
of sections IV, V, and VI, except for this paragraph, is mostly that 
already submitted by Messrs. Schneider and Dunton. Sections IX 
(Logistic Requirements) and X (Cost Proposal) are new. 

Physiological and Trophic Studies: 

. The trophic relationships of the shallow water Beaufort Sea commun
ity have been investigated by RU 356 during iee free periods in 1977 
and currently in 1978. These studies initially focused upon the 
composition of fecal pellets and gut contents of freshly collected 
major species. These initial observations indicated that a number 
of the species were ingesting vascular plant detritus that pre
sumably originates from erosion of tundra peat deposits. Experi
ments were then designed to further assess the role of peat in this 
food web. Major questions that are being considered are as follows: 

1. Do animals that ingest detritus of terrestrial origin derive any 
nutrition from this material? 

2. If these species derive nutrition from this detritus, are they 
able to utilize directly the material or are they digesting the 
microorganisms that may be the primary agents of decomposition? 

3. Do the species that utilize detritus of the terrestrial origin 
prefer a particular size fraction? In other words, is there a 
hierarchy of species required to fully utilize this material, 
some dealing with fairly large particles and reducing them to 
smaller sizes while other species only operate on small particle 
sizes? 
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At present, answers to these questions are only being sought during 
ice free months. An obvious gap exists in our understanding of the 
functioning of this community during the period of ice cover. Before 
the impact of oil exploration and production can be fully assessed, 
we should have some knowledge of the physiological state, food habits 
and energetic requirements of the species during the winter months. 

Specifically, we want to know: 

4. Is the metabolism of key invertebrate species modified during 
winter in under-ice conditions? 

5. What effect on basic physiological parameters is exerted by 
Arctic winter conditions of low temperature, increased salinity 
and prolonged darkness? Are key invertebrate species active and 
feeding year around? 

6. Is there a winter conditioning of Beaufort Sea sublittoral in
vertebrates? Does this conditioning affect tolerances to vari
ous environmental insults? 

The Stefansson Sound Boulder Patch: 

A cobble and boulder patch which supports a diverse array of Arctic 
-marine invertebrates and algae has now been shown to exist in the 
Beaufort Sea lease area. The kelp community is located in Stefans-
son Sound and was first surveyed by us in late July, 1978. The 
faunal and floral assemblage includes several species of macro algae, 
and numerous invertebrates, including seastars, fish, snails, chitons, 
mussels, hermit crabs, hydroids, anemones, nudibranchs, bryozoans, 
pycnogonids, tube worms, sponges, ascidians and spider crabs. Benthic 
samples taken from ALUMIAK in this area in August, 1978, are richer 
than other samples from comparable depths and may indicate a general 
enrichment by the kelp community. 

It is suspected that some of these species may be new to the arctic 
and previously unreported. 

The occurrence and health of this community is dependent upon two 
related factors: (1) the existence of boulders and cobbles suitable 
for attachment (i.e , exposed) and (2) siltation rate. It is thought 
that wind generated currents play an important role in keeping silta
tion rate to a minimum and in preventing excess accumulation of silt 
on rock surfaces as well as on sessile plant and animal species. Any 
activity which would disturb the homeostatic mechanisms which control 
siltation rate and sediment transport would probably affect the kelp 
community in some way. Information concerned with the age and health 
of these communities, i.e., the time it takes species to colonize and 
establish themselves on rock surfaces, algal growth rates, and their 

. resilience to siltation are undoubtably important factors to be ex
amined. Such information, along with a knowledge of sediment transport 
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in Foggy Bay would be extremely valuable in decisions made regarding 
the management of the shelf and in establishing guidelines for oil 
development. 

Objectives of Physiological Studies 

1. To investigate the metabolic activity of selected major species 
of the shallow water community during the period of ice cover. 
Measurements of the rate of oxygen consumption under winter con
ditions of temperature. salinity. and photoperiod will enable 
estimates of the energetic requirements of these species during 
periods of ice cover. If species go into a dormant phase during 
the ice cover period this may be reflected by a depressed meta
bolic rate. 

2. Other physiological responses of shallow water species to extreme 
winter conditions will be investigated if it is felt that an under
standing of winter distribution patterns would benefit from such 
information. For instance; information on tolerance of selected 
species to extreme salinities and to freezing would be useful. 

3. To initiate preliminary investigations of the effect of Alaskan 
North Slope crude oil on the trophic relationships of the shallow 
water community. Baseline information on assimilation of detrital 
components will be determined under Objective 4 and metabolic de
mands under Objective 1. Relatively straightforward laboratory 
experiments can be designed to determine if these processes are 
perturbed by exposure to crude oil. 

4. To assess the importance of detritus derived from terrestrial 
sources by controlled laboratory feeding experiments using speci
mens freshly collected during periods of ice cover. The experi
ments will parallel those conducted during ice free periods and 
will be designed to attack the same basic questions posed in the 
previous section of this proposal. laboratory conditions for the 
experiments will approximate field conditions of temperature, 
salinity and photoperiod at the season being studied. 

5. To investigate the important food items of the major species of 
the shallow water Beaufort Sea community by analysis of fecal 
pellets and gut contents of specimens freshly collected during 
the period of ice cover. 

Objectives of the continuing investigation of the Boulder Patch 

The following objectives are based on a winter sampling effort in the 
1978-1979 field season and a summer field season in 1979. 

1. To continue the overall community survey. 

2. Study the growth rates of Laminaria and of possibly other species 
through the winter. 
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3. Examine the rate and time of colonization, growth and establish
ment of algae on bare rock surfaces over a one year period. 

4. Determine the rate of sedimentation on exposed rock substrata. 

5. Exploration of the benthos for fossilized or remnant biota attached 
to buried rocks. 

6. Observe and collect physical data on currents~ turbidity, salinity, 
temperature, and ice conditions. 

7. To observe additions or deletions of pelagic or demersal fauna 
between sampling periods. 

VI. General Strategy and Approach to Physiological Studies: 

Live animals for laboratory investigations will be obtained in con
junction with other coordinated sampling efforts during the early 
stable ice cover period in late October to mid-November during mid
winter in mid- to late February, during maximal ice cover in late 
March to early April, and during early spring as late as sampliDg 
through ice is possible. Coordination with our own divers, Carey 
(RU 6), and LGL (RU 467) will be necessary. Animals will be obtained 
by amphipod traps or by an epibenthic sled towed between two ice holes 
or by divers using appropriate collecting gear. Upon retrieval of 
the collecting gear the animals will immediately be sorted in a 
heated hut to prevent freezing and packed in suitably insulated ship
ping containers for immediate transportation to laboratory facilities 
at the Naval Arctic Research Laboratory in Barrow. 

Oxygen consumption (metabolic activity) of animals will be determined 
either with a Gilson Differential Respirometer or by closed vessel 
respirometry using Winkler titrations for oxygen. Fresh.ly collected 
animal~ will be used.as much as possible for the measurements to 
avoid complications from laboratory storage. 

Preliminary oil perturbation studies will be conducted in small vol
ume static systems using seawater extracts of crude oil extracted 
under winter conditions of temperature and _salinity, or using direct 
applications of crud~ oil to experimental containers. 

Detrital feeding experiments will be carried out in small static vol
umes of seawater using known quantities of detrital material. Fecal 
pellets will in some cases be quantitatively collected. Changes in 
total organic matter, nitrogen content, and microbial activity will 
be determined either by ashing in a muffle furnace or by a wet oxida
tion procedure. Nitrogen content will be measured by micro-kjeldahl 
digestion. Microbial activity will be estimated by ATP analysis using 
firefly luciferin-luciferase assay with a liquid scintillation counter 
as the photodetection system. Living and nonliving carbon and nitro
gen will be estimated using published ranges of values for C:ATP 
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ratios. Assimilation efficiencies for detrital components will be 
calculated from the above information. 
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Fecal pellet and gut analysis will be accomplished by teasing apart 
single pellets or gut contents on a microscope slide and enumeration 
of items using a standardized procedure. In some cases fecal pellets 
and guts may.be preserved for later analysis. 

General Strategy and Approach to be Followed in Stefansson Sound 

The proposed sampling periods needed to accomplish the above objec
tives are in November, 1978, March and July-August, 1979. Since 
several of the experiments are long term, a summer sampling period 
is required to camp 1 ete the continuum and to pro vi de a basis for com
parison between winter and summer in regard to the objectives listed 
above. 

Experiments to satisfy the above objectives were initiated in mid
August, 1978 under the current 1977-1978 field contract for the 
boulder patch. No specific funds have yet been provided for a boul
der patch follow-up for 1979 summer field season. We hope to find 
support for a full summer season but include here only the minimum 
follow-up. 

Sampling Strategy and Approach: 

Except for a few minor changes, the strategy will be that used in the 
1978 summer field season. Suitable substrata in the boulder patch 
will be scraped in situ for recruitment and sedimentation data, and 
photography willlbe extensively used as an aid to data collection. 
For winter diving, divers will employ additional safety measures 
and will require logistic support from OCSEAP. This support in
cludes (1) assistance in preparing an entrance hole through ice, (2) 
a large heated wannigan, (3) helicopter support, and (4) transporta
tion to and from the winter dive site. 

An underwater transponder, supplied by Brian Matthews, has been in
stalled at the winter dive site. This will enable us to relocate 
our dive location in the winter and allow Matthews to conduct current 
studies as well. Coordination and use of this sample site with other 
investigators is expected. 
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VII. Logistics Requirements: For this addendum, the following logistic 
support is required: 

A. Quarters and subsistence: 
Approximate No. of Total 

Location Dates Personnel Man-Days 

NARL, Barrow 10/15 - 12/15 2 122 
II II 12/16 - 1/15 1 31 
II II 1/16 - 2/15 2 60 
II II 2/16 - 6/15 3 315 

Total Man/Days NARL: 528 

Dead horse 11/1 - 11/30 4 120 
II 2/21 - 3/21 4 120 
II 7/25 - 8/7 4 56 

Total Man/Days Deadhorse: 296 

B. Travel 

Round trips Bellingham to Barrow or Deadhorse 

6 round trips to Barrow 
12 round trips to Deadhorse 

C. Laboratory at NARL, Barrow 

1 Double lab with hood from 10/15/78 to 6/15/79 

D. Aircraft - fixed wing 

Barrow to collecting areas {Simpson Lagoon, Stefansson 
Sound, Deadhorse) x 9 for an estimated 20 hours. Small 
aircraft (Cessna 180 acceptable). 

E. Aircraft - helicopter 

Daily transportation from Deadhorse to Stefansson Sound 
during diving operation for estimated total of 30 hours. 

F. Surface vessel 

Boston Whaler will be required for July sample period. 

G. Field Station 

Summer samplingwill be done from Narwhal Island (will need 
NARL camp there). 
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Qualifications 

The proposer is qualified to carry out the suggested research. I have 
studied Arctic plankton, primarily phytoplankton, and ice algae in the 
Chukchi and Beaufort seas since 1964. I have supervised graduate students 
and technicians who have analyzed Arctic zooplankton samples and I am familiar 

.with the major taxonomic groups that are present. Phytoplankton and ice algae 
studies have been in terms of species present, their abundance, chlorophyll a 
concentrations, and primary productivity on a seasonal basis. Factors 
affecting the production of these organisms, including inorganic nutrient 
concentrations, temperature, salinity, and light, have also been studied. 

I was Co-Principal Investigator for RU 359 from 1975 to 1976 and have 
been Principal Investigator since 1977. My participation has included field 
collecting, sample and data analysis, supervision of technicians and students, 
and report writing. 

Technical Proposal 

1. Title: Beaufort Sea Plankton Studies 
Research Unit Number: 359 
Contract Number: 03-78-BOl-6 
Proposed Dates of Contract: 1 October 1978 through 30 September 1979 

II. Principal I~vestigator: Rita A. Horner 

III. Cost of Proposal for Federal Fiscal Year (October 1 1978 through 
September 30, 1979) 
A. Science $ 50, 000 
B. P.I. provided logistics 0 
C. Total $ 50,000 
D. Distribution of effort by lease area Beaufort Sea 100% 

IV.. Background 

Zooplankton, ichthyoplankton, and phytoplankton samples have 
been collected in areas of high use by marine birds and mammals, such as ice 
edges. These samples have been analyzed to provide information on the 
distribution and abundance of zooplankton and ichthyoplankton, especially 
those species that are major food organisms for birds and mammals. The phyto
plankton samples have been analyzed for distribution and abundance of species, 
chlorophyll a and phaeopigment concentrations, and primary productivity. All 
of these samples have been collected in summer, i.e., August and early 
September during icebreaker cruises in 1976 and 1977. This time frame will 
be extended somewhat during the 1978 icebreaker cruise to include late 
September, which can probably be called the fall season for plankton. 

Extensive literature searches have pointed out the lack of winter 
information for the plankton. The FY 79 work will try to provide some 
information for the nearshore area within the lease area. This work will 
coordinate with other studies, especially in Simpson Lagoon, The area of 
study will overlap that included during the sunnner icebreaker cruises and will 
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provide additional life history information for some zooplankton and ichthyo
plankton, 

V. Objectives 

The primary objective of the FY 79 project will be to assess 
the winter (November and February) density distribution and environmental 
requirements of zooplankton and phytoplankton in the nearshore areas of the 
Beaufort Sea, including Simpson Lagoon. 

A secondary objective will be to analyze zooplankton and phytoplankton 
samples collected during the FY 78 icebreaker cruise in the Beaufort Sea. 

Assessment of winter biological activity is particularly important in 
light of suggestions that oil exploration and drilling be done only in winter. 
The Beaufort Sea Synthesis Report (June 1977), investigators, and OCSEAP 
reviewers have pointed out the lack of fall, winter, and spring plankton 
data and the need to fill these data gaps. 

VI. General Strategy and Approach 

Winter sampling for zooplankton, phytoplankton, and ice algae 
will be done in November 1978 and February 1979 in the Simpson Lagoon and 
Prudhoe Bay areas. Sampling will be done in shallow water inside Simpson 
Lagoon and in deeper water, > 20 m, outside the Lagoon, and off Prudhoe Bay 
(Fig. 1). These sites are within the lease area and intensive summer 
sampling is being done in or near these areas. 

Zooplankton samples will be analyzed for species present, abundance, 
distribution, and life cycle stages. Species of major interest will include 
larval and juvenile stages of fishes, especially arctic cod, euphausids, 
amphipods, and mysids. Attempts will be made to determine food preferences 
of some of the most abundant amphipod species. 

Phytoplankton and ice algae samples will be analyzed for species 
present, abundance, distribution, chlorophyll a and phaeopigment concentra
tions. Phytoplankton, but not ice algae, primary productivity will be 
measured if an adequate incubation technique can be devised, even though 
light will be minimal and productivity low. Productivity of the ice algae will 
not be done because previous experience at Barrow (Horner and Alexander 1972, 
Alexander et al. 1974) has shown that few cells are present in the ice at 
these times and the only suitable incubation technique is an in situ one 
requiring divers. 

Temperature and salinity measurements will also be made. 

VII. Sampling }fethods 

Sampling will be done in approximately two two-week periods. 
Suggested sampling periods are 25 October to 7 November (before 15 November) 
and 5-16 .February. These time periods are in early winter before the sun 
goes down and in mid-winter just after the sun is back. The February time was 
chosen especially to look for arctic cod eggs. This species is reported to 
spawn in shallow areas under ice in January and February in northern Russia 
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(Rass 1968), but we do not know when and whe~e it spawns in northern Alaska. 
Depending on weather conditions and logistics, at least two or three sets of 
samples will be collected from each area in each two-week period. No 
statistical measure of sampling adequacy will be used. We will sample what 
we can, given the environmental and .logistical conditions during the sampling 
periods. 

Zooplankton will be sampled with 0.75 m ring nets with 308 ~m mesh size. 
Smaller nets, 0.25 m with 64 ~m mesh, will also be available and could be 
used inside Simpson Lagoon where there is little water under the ice. Traps 
will be used to collect amphipods. Other sampling gear will be used when 
possible and as necessary. 

Phytoplankton will be sampled with water bottles. Samples will be 
transferred from the sampling bottle to 4-liter polyethylene bottles for 
transportation back to the laboratory. Portions of the samples will be taken 
for phytoplankton standing stock and preserved with 4% formalin buffered with 
sodium acetate, and for salinity determinations. The rest of the sample, 
about 3 liters, will be filtered through 47 mm HA (0.45 ~m) Millipore filters 
for chlorophyll a and phaeopigment determinations. The filters will be 
frozen and returned to Seattle for analysis. 

If a suitable in situ incubation technique can be worked out, some of 
the water sample will be put in 60-ml reagent bottles, inoculated with 
NaH14c03 solution, and incubated at the sampling sites. Following a 2 to 4 hr 
incubation period, the samples will be preserved with HgCl2 or H3P04 and 
transported to the laboratory at Prudhoe Bay for filtration onto 25 mm HA 
(0.45 ~m) Millipore filters. The filters will be placed in liquid scintillation 
vials and returned to Seattle for analysis. 

One possible sampling - in situ incubation scheme would be to arrive at 
the first sampling station, cut two 20 em auger holes, collect water samples 
(number and depths will depend on the amount of water under the ice), set up 
primary productivity experiments which would be left to incubate in situ, set 
out amphipod traps (one or two close to the underside of the ice and one or 
two on the bottom and baited with different baits). Fly to the second 
sampling station, repeat. Also do zooplankton tows and cut ice cores for ice 
algae. Return to station one, retrieve experiments and traps, do zooplankton 
tows and cut ice cores. Return to station two, retrieve experiments and traps, 
return to Prudhoe Bay. Flying distances between stations and the base camp at 
Prudhoe Bay are short enough that this possibility would allow a two to three 
hr incubation period and not increase the flying time too much. 

Amphipod traps could be rebaited and left for retrieval the next day. 
Productivity experiments should not be left for more than about 6 hr (Strick
land and Parsons 1968). 

Ice algae will be sampled with a SIPRE corer, with two cores collected 
per station. Sections will be taken from the top, middle, and bottom of the 
cores, pl~ced in covered plastic containers, and returned to the laboratory. 
Sections from one core per pair will be preserved with 4% formalin buffered 
with sodium acetate for standing stock samples. Sections from the second core 
will be broken up into small pieces and allowed to melt in the dark. The melt 
water will be filtered through 47 mm, 0.45 ~m, Millipore filters for chloro-
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phyll a and phaeopigment determinations. No primary productivity experiments 
will be run on ice samples. 

VIII. Analytical Methods 

A. Samples collected during winter 

Zooplankton samples will be sorted first for fish eggs and larvae, 
euphausids, amphipods, and mysids. Other large or rare organisms will also 
be removed. The remaining sample will be split in a Folsom plankton splitter 
until a subsample containing approximately 100 specimens of the most abundant 
remaining _species is obtained. The organisms in ths subsample, along with 
the fish eggs and larvae, euphausids, amphipods, and mysids, will be identified 
and counted using dissecting microscopes. Copepods will be separated into 
adults and juveniles and counted, but will not be identified to genus or 
species. References used to identify zooplankton are listed in Table 1. 

Amphipods collected in traps will be identified. These amphiphods, 
returned to the laboratory alive, will be sorted and individuals will be 
placed in jars of f~ltered seawate~, and allowed to sit in a refrigerator 
to clear their guts. Individuals plus their fecal pellets will be preserved 
in individual vials. Fecal pellets will be examined with a microscope to try 
to determine food sources. There is no guarantee that any useful data will 
be obtained from these experiments. 

Phytoplankton and ice algae standing stock samples will be analyzed 
following the inverted microscope method of Utermohl (1931). Rare and large 
organisms (> 100 ~m) will be counted at 125 X magnification in 50 ml chambers, 
while small (< 100 ~m), abundant organisms will be counted at 312 X in 5 ml 
chambers. The portio.n of the chamber to be counted will be determined for 
each sample depending on the number of cells present, but usually 1/5 or 1/10 
of the chamber will be counted. The principal references used to identify 
phytoplankton are Hustedt (1930, 1959) and Schiller (1933, 1937). 

Primary productivity samples will be analyzed at the University of 
Washington using a Packard Tri-Carb Liquid Scintillation Spectrometer with 
Aquasol (New England Nuclear Co.) as the scintillation cocktail. 

Chlorophyll a and phaeopigment determinations will be done using a 
Turner fluorometer (Strickland and Parsons 1968). 

Salinity will be determined using an induction salinometer with 
"Copenhagen" water as a standard. 

B. Samples collected during the 1978 icebreaker cruise 

Several possibilities exist for analyzing these sampies depending 
on the requirements of the Arctic Project Office. 

1. Zooplankton samples 

a. These will be analyzed as described for the winter samples 
with emphasis on fish eggs and larvae, amphipods, euphausids, and mysids. 
Copepods will be separated into adults and juveniles without identification 
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Table 1. References used to identify zooplankton. 

Coelenterata Euphausiacea 

Naumov 1960 Leung 1970a 
Shirley and Leung 1970 

Ctenophora 

Leung 1970b 

Polychaeta 

Pettibone 1954 
Yingst 1972 

Mollusca - Pteropoda 

Leung 1971 

Ostracoda 

Leung 1972c 

Mysidacea 

Leung 1972b 
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Amphipoda 

Sars 1895 
Tencati 1970 

Decapod a 

Berkeley 1930 
Hart 1971 

Appendicularia 

Leung 1972a 

Chaetognatha 

Dawson 1971 

Pisces 

Andriashev 1954 
Musienko 1970 
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to genus or species as has been done with the 1977 icebreaker samples. The 
reason for not identifying copepods is that one person cannot sort, count, 
and identify all the non-copepod zooplankton, all the copepods, and partici
pate in the winter sampling program. 

b. If copepods are to be analy~ed, I suggest hiring one full
time person to do this. This would add $10,000 to the budget. It is possible 
that Ms. Gayle Heron, a recognized authority on the taxonomy and biology of 
Arctic copepods, will be avilable for six months and she would be the logical 
choice to analyze the samples. If Ms. Heron is not available, someone else 
would be hired. 

2. Phytoplankton samples 

All primary productivity, chlorophyll a and phaeopigment 
samples will be analyzed. Standing stock samples would be analyzed depending 
on the requirements of the.Arctic Project Office. Possible choices are: 

a. No phytoplankton standing stock samples will be analyzed 
to allow the Principal Investigator time to do the large amount of library 
work that has been suggested (letter 16 February 1978, Frost to Weller, and 
included in Section 5, E, Other Information) and to participate in the winter 
sampling program. The library work will include: 

1) a compilation of historical information on fluctuations in algal 
production and an analysis of determinants of annual algal production such as 
light, temperature, salinity, ice cover, and nutrients, insofar as this 
information is available for the Beaufort Sea. Depending on the data 
available, it may be possible to determine the magnitude and ~auses of natural 
variation and to compare relative rates of production in open water and under 
ice. 

2) a compilation of historical data on the distribution .and abundance 
of Thysano~ssa inermisJ T. ~ongipesJ T. raschiiJ Parathemisto abyssorumJ P. 
libellulaJ MYsis litoralisJ M. oculataJ and M. relicta in the Beaufort Sea 
along with available information on life cycles, food habits, and the effects 
of environmental parameters such as temperature and salinity. 

3) Compilation of copepod distributions and abundances. This would be 
done in conjunction with the person analyzing the copepod samples and would be 
done only after we know what copepod species are being utilized by arctic cod 
and only for those species. 

4) an attempt to determine food habits of some abundant species of 
amphipods from the literature. 

b. Phytoplankton standing stock samples would be analyzed for 
all stations where primary productivity is available plus those stations where 
chlorophyll a is high. Two or three samples can be analyzed in an eight hour 
day; each station usually has six or eight samples, primary productivity will 
be done at about 45 to 50 stations during the cruise. The library work would 
be done only after the samples are analyzed and would be minimal depending on 
time available. 
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c. Phytoplankton standing stock samples would be analyzed 
only for stations where primary productivity and chlorophyll a are high. 
Library work would be done depending on trume available. 

IX. Deliverable Products 

A. Digital Data 

1. Possible Parameters (x indicates collected and submitted) 

a. File Type 024, Zooplankton 

Common to all records 
x File Type 
x File Identifier 
x Record Type 
x Station Number (except 1) 

Record Type 1 - File Header 
x Vessel 
x Cruise/Cruise Dates 
x Area/Project 
x Investigator/Institution 

Record Type 2 - Location 
x Latitude/Longitude 
x Date in GMT/Time in GMT 
x Depth to Bottom 
x Sample Interval (where applicable) 
x Ship Speed 
x Surface Water Temperature 

Record Type 3 - Total Haul Data 
x Gear Code/Mesh Size 
x Duration/Haul Length 

Total Settled Volume 
Total Water Displaced 
Total Dry Weight of Haul 

x Volume of Wa£er Filtered 
x Duration of Tow 
x Haul Type Code 

Record Type 4 - Subsample Data 
Sample Number/Taxonomic Code 
Life History Code 
Size of Subsample 
Number in Subsample 
Concentration 
Dry/Wet Weight 
Number of Adults 
Number of Juveniles 
Number of Eggs/Larvae 
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Record Type 5 - Text (when necessary) 
x Sequence Number 
x Text 

Record Type 6 - Subsample Data 2 

X Sample Number 
X Taxonomic Code 
X Life History Code 
X Size of Subsample 
X Number in Subsample 
X Concentration 

Dry/Wet Weight 
X Number of Adults/Juveniles 
X Number of Eggs/Larvae 

File Type 028, Phytoplankton Species 

Common to all records 
x File Type 
x File Identifier 
x Record Type 
x Station Number 
x Sequence Number (Record Type 2 and 3 only) 

Record Type 1 - Master 
x Geographic Position 
x Date/Time 
x Water Depth 

Record Type 2 - Text (when necessary) 
x Text 

Record Type 3 - Qetail 
x Sample Number 
x Depth of Sample 
x Taxonomic Code 
x Count of Species 
x Number of Cells/Liter 

Wet and Dry Weights 
Volume of Water Filtered 

Record Type 4 - Detail II 
x Sample Number 
x Depth of Sample 
x EDS Taxonomic Code 
x Cells and Percent Cells per Liter 

Carbon and Percent Carbon per Liter 
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c. File Type 029, Primary Productivity 

Common to all records 
x File Type 
x File Identifier 
x Record Types 
x Station Number (Record Types 1, 3 and 4) 

Record Type 0 - Header 
x Vessel Name - Cruise Number 
x Cruise Dates 
x Senior Scientist/Investigator/Institution 

Record Type 1 - Master 
x Geographic Position 
x Date/Time 
x Water Depth 
x Chlorophyll a - Integrated 
x Phaeopigments - Integrated 
x Carbon Assimilation - Integrated 
x One Percent Light Depth 

Phosphate P04-P Reactive Time 
pH Scale & pH Corrections (Codes) 

x Secchi Depth 
Mixed Layer Depth 
Light Level (Platform) 

Record Type 3 - Detail 
x Depth of Sample 
x Chlorophyll a Concentration 
x Phaeopigment Concentration 
x Carbon Assimilation Concentration 
x Elapsed Time of Incubation 

Oxygen 
Phosphate - P04-P 
Ammonia - NH3-N 
Nitrate - N03-N 
Nitrite - N02-N 
Silicate - Si03-Si 
pH 
Total Alkalinity 

x Temperature and Salinity 
x Sequence Number 

Record Type 4 - Text (when necessary) 
x Text 

2. Digital products and data submission schedule 

a. Computer cards 
b. Card listings 

Processing and formatting will be done by the investigator. 
Seep. llfor data submission schedule. 
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D~ta Type 
(i.e. Intertidal, 
Benthic Organi~=s, 
etc.) 

Zooplankton 

Phytoplankton 

}Z~din 

(Co.rds, cod
ir:.g sheets, 
ta;Jes, disks) 

Cards 

Cards 

Primary Productivity Cards 

DIGITAL DATA PRODUCTS SCHEDULE 

Esti-:::ated 
Volu:::le 
(Volu!:!c of 
processed data) 

:woo-3ooo 
1000 
1000 

0-3000 
1000 
1000 

1000 
500 
500 

OCSEAP 
Forr.:o.t 
(If known) 

024 

. 028 

029 

Processing nnd 
Forffio.ting done Collection 
by Project Period Subr:li.ssion. 
(Yes or No) (Month/Yeo.r to l-ionth/Year) O·lonth/Yeo.::: 

Yes Aug 78 to Sep 78 Oct 79 
Nov 78 Oct 79 
Feb 79 Oct 79 

Aug 78 to Sep 78 Oct 79 
Nov 78 Oct 79 

Yes 

Feb 79 Oct 79 

Al,lg 78 to Sep 78 Oct 79 
Nov 78 Oct 79 

Yes 

Feb 79 Oct 79 

1-' 
1-' 
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B. Narrative Reports 

Special reports that might be required by OCSEAP for synthesis or 
other meetings will be prepared as requested. It is likely that papers for 
publication in scientific journals will be written. 

C. Visual data 

All visual data will be included in required reports. 

D. Other 

No other data will be submitted. 

X. Quality Assurance Plan 

1. Instrument calibration 

The fluorometer is calibrated using a known quantity of a chloro
phyll extract as a standard. Acetone blanks are run with each batch of 
samples. 

The Packard Tri-Carb Liquid Scintillation Spectrometer is 
calibrated by factory representatives twice yearly. 

Standard seawater (Copenhagen water) is used to calibrate the 
salinometer at the beginning and end of a batch of samples and after each 
group of 30 samples when more than 30 are run at one time. 

Flowmeters are calibrated periodically in the Department of 
Oceanography, University of Washington. 

2. Field sampling 

Zooplankton samples will be collected with 0.75 m ring nets, mesh 
size 308 ~m, traps (amphipods) and any other gear that might be available 
and suitable for collecting animals under the ice. Phytoplankton will be 
collected with water bottles and 0.25 m ring nets with a mesh size of 64 ~m. 
Ice algae will be collected with an ice corer (SIPRE) having a diameter of 
7.5 em. 

Zooplankton will be preserved with about 50 m1 concentrated formaldehyde 
and 20 ml saturated sodium borate solution per jar (approximately 5% formalin). 
More formaldehyde and buffer are added when large numbers of animals are 
present. Phytoplankton and ice algae standing stock samples will be preserved 
with 5 to 10 ml 4% formalin buffered with sodium acetate per 250 m1 jar of 
sample. 

3. Procedures for sample analysis 

Zooplankton samples will be sorted first for fish eggs and larvae, 
euphausids, amphipods, and mysids. Other large or rare organisms will also 
be removed. The remaining sample will be split in a Folsom plankton splitter 
until a subsample containing approximately 100 specimens of the most abundant 
remaining species is obtained. The organisms in the subsample, along with the 
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fish eggs and larvae, euphausids, amphipods, and mysids will be identified 
and counted using dissecting microscopes. Unless otherwise requested by the 
Arctic Project Office, copepods will be sorted and counted as adults and 
juveniles, but not identified to genus or species. 

Phytoplankton and ice algae standing stock samples will be analyzed 
using the inverted microscope method of Utermohl (1931). Rare and large 
organisms (> 100 ~m) will be counted at 125 X in 50 ml counting chambers, 
while small (< 100 ~m), abundant organisms will be counted at 312 X in 5 ml 
chambers. The portion of the chamber to be counted is determined for each 
sample depending on the number of cells in the chamber, but usually 1/5 or 
1/10 of the chamber will be counted. 

Primary productivity samples will be analyzed using a Packard Tri-Carb 
Liquid Scintillation Spectrometer with Aquasol as the scintillation cocktail. 

Chlorophyll a and phaeopigments will be determined using a Turner 
fluorometer (Strickland and Parsons 1968). 

Salinity will be determined using an induction salinometer with "Copen
hagen" seawater as the standard. 

4. Processing for output products 

Data will be put on computer cards following OCSEAP data formats. 

XI. Special Sample and Voucher Specimen Archival Plans 

Zooplankton samples are being collected. Undoubtedly there will 
be some specimens that should be archived as reference or voucher specimens. 
As soon as preservation requirements and other details are received, we will 
follow those procedures. 

XII. Logistics Requirements - see attached pages 

XIII. Anticipated Problems 

The only anticipated problem is that it will be impossible to 
submit data within 120 days of the completion of a cruise or three month 
collection period (XVII, 6). The Milestone Charts suggest a logical time 
frame for data submission. 

If proposed field objectives cannot be accomplished, we will spend the 
time analyzing samples collected on the icebreaker cruise in Aug-Sep 1978 
(objective two of this proposal). 

XIV. Information Required from other Investigators 

Dr. Don Schell and I will coordinate our winter sampling programs; 
we have already discussed this to some extent and will make more definite 
plans later. Dr. Alan Birdsall, LGL, has suggested coordination with LGL 
personnel. I have agreed with this, but no further contact has been made. 
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AlltCHAFT SUl'l'ORT - llELICOl'TER 

Delineate proposed tran~;rH:ts and/or !:totlon ~;cilc·me on a cilart of the <trca. 
(Note: If flight::; are for tr;:ln!:port of perr;onnel. or equi.p:nl·nt only from bn!;e 
cmnps to ficlcl camps ~md vl::;n vcn:.J., chart ::ubm·U;sion j G not nccc::;!';;ary !Jut 
origin and de8tination points sl1ould be li!;;ted). See Fig. 1 for proposed 

station locations. Flights will be staged out of Deadhorse. 

Despribe types of ohscrva tions to be 1nadc. . Zooplankt.o~ collections, water samples, 
primary productivity experiments, ice cores. 

\·1hat is the optimum time chronolocy of observ<:tions on n r,easonal basis and uhat 
is the maximum allowable dC!pnrture from these optiwum times? 25 Oct to 15 Nov. 

and 5-19 Feb 1979, After 15 Nov. and before 5 Feb. there is not enough light. 
Feb is when we might expectto find arctic cod eggs. 

llmol many days of helicopter operations are required and hm.,r r.~any flicht hours 
per day? 4 - 6 days in a 2 week period; 3 - 4 (6) hr per day 

Total flight hours? 16 to 24 (24-36) total hr 

HoH many people arc required on bo.:1rd for each flight ((,>:cluoivc of tl1e pilot)? 
2 (can be combined with other projects) 

\.J'hat are the veights and dimensions of equipr.:fnt or supplies to l1e transported? 
Less than 300 lbs; all boxes less than 3ft , net rings 0.75 min diameter. 

Hhat type of helicopter do you reommcnd for your operations and \vhy? 

NOAA 

8. Do you recommend a particular source for the helicopter? If "yes", plea.sc IHHue 
the source and the rcnson for your rccorrJucnda tion. 

NOAA 

9. \~hnt is the per hour ch:1rtcr cost of the helicopter? 

10. \.Jherc do you reommcnd that flights be star,cd from? 
Deadhorse 

11. \.Jill special nnvlj}1.t.i.on and comm\mic<Jt.i.ons be l"L'tj\lired? Must be able to find stations 
a second time on any particular day to pick up experiments and on successive days if 
amphipod traps are left out. 
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XV. Management Plan 

As soon after returning from the 1978 icebreaker cruise as possible, 
chlorophyll and phaeopigment samples and primary productivity samples will be 
analyzed and values calculated. Analysis of zooplankton samples will begin. 
Analysis of phytoplankton standing stock samples or library work will start. 

Winter field sampling will occur: in early November and February. Analysis 
of samples collected during these periods will begin as soon as possible after 
the field periods and continue until samples are completed, probably in June. 

Analysis of the icebreaker zooplankton samples and phytoplankton standing 
stock or library work will continue into June. 

Data analysis and formatting will begin when samples are finished and 
will end with a report to be submitted in early October 1979 (see Milestone 
Charts). · 

XVI. Outlook 

Assuming that winter sampling is successful in FY 79, there will 
still be no information available for the ice algae in spring (April through 
June) when this community is most productive and may be quite important in 
the coastal ecosystem. 

One proposal would be to have 5 people (3 divers, 2 support) at a field 
site, probably Prudhoe Bay because of water depth and logistics, for 3 to 3.5 
months. Sampling would be done about 3 times per week with divers placing in 
situ primary productivity incubation corers in the underside of the ice and 
collecting cores for pigment and standing stock determinations. The support 
personnel would collect water samples and set up primary productivity experi
ments that would be incubated in situ at the same time as the ice algae 
experiments. Pigment and phytoplankton standing stock determinations would 
also be made on water samples. Additional studies that could be done at 
the same time using the divers could include primary productivity of benthic 
microalgae, meiofauna, and microbiology. Meiofauna and microbiological 
studies would require additional support personnel. 

1. The final results would be an estimate of the significance of the 
ice algal community in the spring. Production of the ice algae could be 
compared with that of the water column. Final data products would include 
primary productivity rates, chlorophyll a and phaeopigment values, and stand
ing stock of the ice algae and phytoplankton. 

2. See chart (p. 23) for significant milestones. 

3. Cost by fiscal year would be. $60,00~ to $70,000 depending on 
salaries and would include 5 people for the fiald season, 3 people to analyze 
the samples. This cost would not include meiofauna or microbiology. 

4. Additional equipment would be diving gear only. 

5. Location - off Prudhoe Bay where the water depth is about .7 to 10 m, 
perhaps near 709 25'N, 148° 30'W. This area is suggested so there would be 
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enough water under the ice for the divers to work in and is close enough to 
Prudhoe Bay to minimize daily logistics problems and to provide adequate 
laboratory space. · 

6. Logistics requirements - a heateq hut on the ice, crewcab truck, 
laboratory space, refrigerator, some freezer space, compressor to fill diver's 
tanks, adequate freshwater for diver's showers and cleaning diving gear. 

XVII. Standard Statements 

1. Updated milestone charts will be submitted quarterly. A schedule 
for processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

2. Quarterly reports will be submitted to the appropriate Project 
Office during the contract by the first day of January, July, and October, 
Annual Reports by April 1. The Final Report will be submitted within 90 
days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories will 
be represented by voucher specimens that will be preserved, labeled, held, 
and shipped to an official OCSEAP-designated repository in conformity with 
OCSEAP voucher specimen policy. 

4. At the option of the Project Office the PI is prepared to travel 
to the Project Office at least twice during the contract year to review 
project status and progress. Such reviews will be scheduled on dates mutually 
satisfactory to both parties. It is understood that costs of the travel and 
per diem for these trips will be borne by the Project Office. 

5. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a written waiver has been 
received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23) will be sub
mitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract expiration. New equipment 
purchased will be reported quarterly and inventoried annually. The PI will 
maintain inventories of all expendable and non-expendable equipment purchased 
with OCSEAP funds. Information will be recorded as shown on form CD-281, 
"Report of Government Property in Possession of Contractor" (copy attached). 
Updated copies of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under OCSEAP funds 
will be submitted to the appropriate Project Office at least sixty (60) days 
prior to release, for information and for forwarding to BIJ1. The release of 
such material within a period of less than sixty (60) days shall be made only 
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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 supporte·d 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." 

Other Information 

A. Background of Proposer 

The proposer is qualified to carry out the suggested research. 
I have studied Arctic plankton from the Chukchi and Beaufort seas since 1964. 
I have supervised graduate students and technicians who have collected and 
analyzed Arctic plankton samples. I am familiar with the techniques used 
and the organisms that are present. Studies have been in terms of species 
present, their abundance, distribution, pigment concentrations, and primary 
productivity. Studies have been done on a seasonal basis. Factors that 
affect planktonic organisms, including inorganic nutrients, temperature, 
salinity, and light, have also been studied. 

I was Co-Principal Investigator for RU II 359 in 1975 and 1976 and have 
been Principal Investigator since 1977. My participation has included field 
collecting, sample and data analysis, supervision of technicians and students, 
and report writing. 

B. I have no involvement with other OCSEAP or Federal projects. 

C. The Principal Investigator will actively lead and supervise the 
proposed work, and will take full responsibility for timely completion Qf all 
objectives, independent of the percentage of the Principal Investigator's 
salary requested in the budget. 

D. Personnel 

R. Horner, Principal Investigator will participate in field 
work, analyze chlorophyll a-phaeopigment samples, phytoplankton standing 
stock samples, do library work, analyze data, w~·te reports. She has done the 
same kinds of work on R.U. 359 since 1975. Resume attached. 

T. Kaperak will participate in field work and analyze the 
zooplankton samples. He has done the same kinds of work on R.U. 359 in FY 78. 
Resume attached. 
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February 16, 1978 

Dr. Gunter Weller 
OCS Arctic Project Office 
Geophysical Institute 
University of Alaska 
Fairbanks, AK 99701 

Dear Gunter: 

36 

JAY S. HAMMOND, GOVERNOR 

IJII(J COllEGE ROID 
FAJRBANKS 99101 

Lloyd and I have spent considerable time during the last week thinking 
about Beaufort Sea trophic interactions and the direction of future 
work. 'We have come to the not so startling conclusion, as have many 
others· before us, that "we" (the marine mammal team, OCS, and/or the 
scientific community) can't learn everything about everything, and even 
if we could we probably wouldn't understand all the implications. We. 
can, however, make a better stab at s'ome parts of the syst'em than at 
others. We can probably make a reasonable evaluation of pelagic food 
webs - identification of import'ant species and interactions among those 
species. In the Beaufort Sea, the pelagic system is in· general less 
species-rich, the energy inputs art= fewer, and the higher trophic level 
species, i.e. mammals and birds, are more obvious than in the benthic 
system. 

Benthic communities are a much different story. In many parts of the 
world they have been much studied and are still a puzzle. They will 
probably remain so in the Beaufort· Sea for some time. Ideally we should 
know something about the diversity and standing stock of the benthos, 
species composition, and seasonality of all those parameters. Sonie of 
this information is available at present, particularly for infauna. 
Additionally weshould know something about production rates within the 
system, the input and flow of energy and materials, and the' interaction 
of species. This we simply do not have the time or money to do a good 
job on. There are too many species and too many connections within the 
benthic community. The best we can do is accumulate data on community 
structure and as time goes on hope to fill in bits and pieces on interspecies 
dependencies. 

One of the prime data needs in the benthic system is information on the 
gross distribution of the invertebrate epifauna. In addition to species 
lists and distributions we need identification of epifaunal associations -
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e.g. identifiable epifaunal communities. We might then be able to rank 
the importance of the various communities to the ecosystem as a whole 
and develop priorities relative to what areas development should or 
should not be impacted. 

One of the reasons the pelagic system is more approachable is that food 
webs are fairly simple and key species for future research have already 
been identified. This, to date, has not been done in the benthic system. 
If epifaunal associations or communities could be identified, one could 
then determine one or two characteristic or "key" species from a community 
and proceed to determine physical and trophic sensitivities of those few 
species. We at present have no focal point within the benthos. Data 
exist on a variety nf species but there is no adequate way to prioritize 
importance within the community. 

The ideal situation, for those of us doing the science and for user 
agencies, would be a perfect understanding of all links within the 
system. Such understanding would allow the development of a model which 
could give complete predictability of the consequences of petroleum
associated development. Obviously such complete understanding is not 
within reach. Desirable, though less than ideal, would be thorough 
understanding of at least the major links within the system, effects of 
natural variation on those links', and reliable predictability of the 
effects'of human-caused perturbations. Even this is probably not attainable. 
What the study of trophic interactions within a system can do is provide 
partial understanding of small parts of the system and actual or hypothetical 
interactions among some of those parts. With this understanding of 
parts we can make educated guesses as to possible or probable ramifications 
of disruption to the system. We cannot make absolute statements about 
what will happen. We can identify potential differential sensitivity of 
parts of the system, evaluate which times or places or species appear to 
be most or least vulnerable, and make recommendations as to how to 
minimize potential detrimental effects of OCS development. 

Some realistically obtainable goals, which should increase our understanding 
of the system, are as follows: 

1) Delineation of major species interactions or "key links" in 
the Beaufort Sea. We can do this in a general manner for the 
benthic food web.and in a mu~h more specific manner for the pelagic/planktonic 
food web, 

2) Assessment of the sensitivity of key links to both natural 
fluctuations and to expected human-caused perturbation. 

3) Extrapolation from the sensitivity of parts to the sensitivity 
of entire systems or subsystems. 

An example of delineation of species interactions within a subsystem is 
as follows: 

Sun~ phytoplankton ~copepods ------=, arc tic cod --7 seals, birds, people 
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Prior to this summer the link now entitled copepods would have read 
zooplankton. In light of data acquired during the 1977 GLACIER cruise, 
we now know that in offshore areas during the summer copepods form the 
bulk of the arctic cod diet. Additionally it appears that arctic cod 
may select for a certain size or species of copepod (Calanus hyperboreas 
and Euchaeta glacialis, large predominantly deep water arctic species, 
were two of the most abundant prey items). This is a subsystem we can 
really do something with. Some historical data are available on copepod 
distribution. Determining physical parameters are known for at least 
some species in some parts of the world, and some species have been 
tested for hydrocarbon sensitivity (Calanus hyperboreas was treated in 
the Canadian arctic and found to be "surprisingly resistant to oils 
tested"). Analysis of data such as these should provide a basis for 
beginning to assess sensitivity. About arctic cod we know relatively 
little.' We do, however, know enough to establish it as a key link. 
·Ringed seals utilize a very few prey species in the Beaufort Sea. Of 
these prey species some seem to be only seasonally available in large 
quantities (euphausiids, hyperiid amphipods) while others are available 
in smaller numbers and amounts (amphipods, mysids) but apparently over a 
wider temporal and geographical range. Arctic cod is the remaining 
major prey item. Cod are available year-round in apparently more or 
less constant numbers. They are relatively large and energetically 
efficient prey species. They seem to be a mainstay item in the diet of 
ringed seals. With the aforementioned information we can extrapolate as 
to the sensitivity of that subsystem. Were copepod numbers to be depleted 
by a large-scale environmental perturbation it seems reasonable to guess 
that offshore arctic cod will be affected. This might be in the form of 
worsened physical condition and heightened susceptibility to predation, 
movement of arctic cod to unaffected areas, or a~rested production and 
development of next year's young. Any of these may result in lessened 
availability of food to ringed seals. Depending on time and location 
this may lead to poorer physical condition, causing increased susceptibility 
to disease or predation, production of fewer or smaller young, or migration 
from the area. 

Examination of the above system does provide us with a basis upon which 
to predict effects of perturbation. It will probably not lead to recom
mendations of where or when to develop, but it does begin to allow 
evaluation of the magnitude of effects of catastrophic events and give 
us a baseline picture of what the system looks like. 

A second type of subsystem analysis might give information which would 
bear on lease tract selections. For example, bearded seals are closely 
tied to the benthic food web. Upon identification of benthic community 
types, it would be possible to evaluate which of those types are most 
suitable as bearded seal foraging areas. With information on geographical 
distribution of those communities we can recommend sensitive areas 
where, for example, the sinking of oil or perturbation of the bottom 
would not be desirable. 

All of this is leading up to a slightly different approach to the 1978 
Beaufort Sea trophies cruise, and to the trophies work in general. As 
has been discussed previously, we would like to·have a three-week plankton, 
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fish, benthic invertebrate, and marine mammal cruise. Participants 
would- include Alaska Department of Fish and Game and University of 
Alaska personnel, Rita Horner and Drew Carey. Sampling operations to 
take place on board would include trawling, plankton tows, grabs, and 
seal collecting. Presumably a second cruise would address similar 
questions from the bird point of view. We would attempt to further 
delineate species interactions in the pelagic system and determine basic 
community composition in the benthic/epifauna system. Projects would 
break down as follows: 

Phytoplankton and zooplankton - Rita Horner 
Benthos - Drew Carey 
Epifauna, demersal fishes, seals - Frost/Lowry/Mueller, Fay/Shults 

Table 1 outlines a suggested field sampling program. 

We would _like to sample several discrete areas or- 11 stations11 rather than 
do survey type sampling. Recommended station locations for the three
week cruise are: the edge of pack ice at approximately 156° (off Barrow); 
153° (off Pitt Point) to accommodate historical benthic sampling at that 
location; 14 °-150° (between Prudhoe and Harrison Bays); and 145° (off 
Camden Bay). These locations bracket the proposed lease area and incorporate 
areas where historical data are available. In addition to these designated 
stations we need to retain the flexibility to stop and examine areas of 
high biological activity. From last summer's work it is obvious that 
the Beaufort Sea is not homogenous as regards biological activity. If 
critical areas do in fact exist they will be in areas of greater activity. 
At present we have little way to predict where they may be. 

A model cruise for the first three weeks would be: 

Aug. 1 
Aug. 2-4 
Aug. 5 
Aug. 6-9 
Aug. 10 
Aug. 11-15 
Aug. 16 
Aug. 17-20 
Aug. 21 

onload in Barrow, proceed to station off Barrow 
work Barrow station 
transit and trawls 
Pitt Point station-historical benthic and station work 
transit, trawls, etc. 
Prudhoe/Harrison station 
transit, trawls, etc. 
Camden Bay station 
transit to Prudhoe, offload mammal people 

In addition to field sampling, we would suggest the following associated 
data analyses: 

Frost/Mueller - analyze trawl data for patterns of epifaunal inver
tebrate distribution, and identification of epifaunal communities. 

Carey - analysis of feeding types within the benthos, id-entification 
of major trophic links. 

Horner - compilation of historical information on fluctuations in 
algal production, analysis of determinants of annual algal productio,n 
(e.g. light, temperature, salinity, ice cover, nutrients, etc.). 
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Table 1. Field sampling. 

Phytoplankton 

Zooplankton 

Benthos 
(Grabs) 

Epifaunal 
Demersal Fish 

Seals 

Horner 

Horner 

Horner 

Production, how does ice affect production, etc. 

Sample fish food availability concurrent with otter trawls (esp. copepods) 

Sample seal, bird and bowhead whale food availability concurrent with 
bird or mammal collections 

Horner & Carey Sample underice and pelagic amphipods and determine food habits (do this 
on a seasonal basis) 

Pitt Point - continue present work on seasonality 

Carey & Horner Sample benthic amphipods and determine foods on a seasonal basis. 

Frost/Lowry 

Frost/Lowry 

Compare with pelagic and underice amphipods 

Sample demersal fish food availability by sampling infauna concurrently 
with otter trawls. Grabs to be worked up primarily for those species or 
groups appearing.as food items. 

Demersal fish distribution Demersal fish food habits 

Polar cod natural history Lowry/Mueller Polar cod food habits 

Frost/Mueller Epifaunal invertebrate distribution, community structure 

Fay/Shults Parasitology/pathology of demersal fishes 

Frost/Lowry 

Fay/ Shults 

Food habits, predator/prey ratios of major invertebrate species (Hyas, 
sea stars, snails, etc.) 

Seal food habits 

Parasitology/pathology of seals 
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Horner ~ analysis of historical data and literature for requirements. 
of Thysanoessa spp., Mysis spp., and Paratliemisto spp. -:-. relation to 
temperature and salinity, ana wha~'s known about reproductive periodicity, 
life span, seasonal and yearly fluctuations in distribution and abundance, 
foo.d habits with whatever seasonal variation might be known. 

Frost/Lowry - analysis of. demersal fish dist:dbution •. 

~ay/Shults - estimate parasite load, rates of occurrence of pathogens 
and pathological conditions in seals of the Beaufort Sea and compare 
these with rates in like hosts over a wide area of the Alaskan continental 
shelf. 

Success of this sampling approach will depend on timely sample analysis 
and good communication and data exchange among investigators. If sample 
analyses could be complete within 4-6 months, or at least major crucial 
comparative station work done, there could be time to put together 
synthetic reports by the spring, reevaluate the year's effort, and 
redirect sampling effort for the following summer if desirable. 

The following products might result from this sampling approach:. 

1) An assessment of. the sources of. offshore production, i~tegrated 
with available ice, oceanographic, and-meteorologic data. Magnitude and 
causes of natural variation should be discussed, relative rates of 
production in open water vs. under sea ice be 6ompared, and the predicted 
effects of heavy or light ice years on algal production presented. With 
this information one should be able to delineate areas and/or times 
which. oil spills would be most detrimental to production, i.e. under the 
ice or in open water, during winter or.summer months. Horner 

2) Analysis of historical data and compilation of existing Beaufort 
Sea records on distribution and abundance of Thysanoessa spp., Hysis 
spp., and Paramethisto spp., and delineation of determining factors.· 
Compilation and analysis of literature on life history events, seasonal 
food habits, reproductive periodicity, etc. of the same species. This 
should give us some idea of the kinds and magnitude of natural variation 
to expect, and of the sensitivity of species to changing environmental 
parameters •. Until we have some idea of natural variation and sensitivity, 
we stand little chance of being able to evaluate man-caused perturbations. 

Horner 

3) Compari~on of arctic cod foods with copepod distribution an9 
determining factors. This species inte~action is a key link in the 
pelagic/planktonic system. By examining prey specificity, seasonal 
variation in prey, availability of alternate prey items, determining 
factors for those prey items, and sensitivity of prey to hydrocarbons, 
we can evaluate the sensitivity of this particular trophic link. 

· LOwry/Mueller and Horner 

4) Comparative seasonal food habits of benthic and under ice 
amphipods. Gammarid amphipods seem to be widely distributed and available 
throughout the year. They are a major link between production/detritus 
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and fishes, birds, and mammals. An understanding of what sustains them 
in winter as well as summer months is important in predicting how sensitive 
they may be to disrupted algal production or contamination of the bottom. 
Comparison of food items with availability of those species would be 
valuable when possible. Seasonal information may be partially obtainable 
through analysis of archived samples. Horner and Carey 

S) Comparison of demersal fish 
samples from the same location should 
Species dependencies can be looked at 
both predator and prey species. 

stomach contents and bottom grab 
identify some key benthic links. 
in relation to distribution of 

Carey and Frost/Lowry 

6) Identification of epifaunal associations/communities. This 
should give a place to start looking for key species within those communities, 
critical needs of key species, and their susceptibility to disturbance. · 

Frost/Mueller 

7) Food habits of key epifaunal invertebrate species, feeding 
type analysis of major benthic invertebrates, and predator/prey relationships 
within the benthos/epibenthos. Carey 

8) Occurrence of parasites, pathogens, and pathological conditions 
in seals of the Beaufort Sea. Examination of host/parasite relationships 
in conjunction with food habits of seals should help delineate mechanisms 
for transfer of parasit·es through the food web. Magnitude of parasite 
load and pathogen occurrence, correlated with physical condition of the 
seals, may shed light on the recent decline in numbers of ringed seals 
in the Beaufort Sea. Fay/Shults 

In addition to the summer icebreaker cruise we would suggest extending 
this general sampling scheme to a winter program. Phytoplankton studies 
could be modified to concentrate more on ice algae. Zooplankton studies 
could be continued through the ice with the use of, for example, a one 
meter vertical plankton net and under ice tows from hole to hole. Fish 
and epibenthos could not be sampled in the same manner as in summer. 
However, arctic cod could be sampled by jig fishing, Seals could be 
sampled from the same general geographical area. Such winter sampling 
could be done at either two or three different times during the winter -
for example, November and April, or November, February-March and May-
June. Joint sampling efforts would be desirable - all participants 
could utilize the same ice holes and logistic support. Somewhere off 
the Prudhoe Bay area would be a logical winter station. There is a 
possibility that industry cooperation and/or assistance could be enlisted 
in providing equipment with which to get through the ice, lab space, 
etc. Were it deemed desirable, such a seasonal sampling program could 
be implemented as early as this spring in order to provide the maximum 
amount of data possible by leasing time. 

Gunter, I think I've written a book and I'm worn out. Hope these thoughts 
are useful. 

Sincerely, 

~F!t:t-;-
Marine Mammals Biologist 
Divis.ion of Game 
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PROPOSAL 

To: National Oceanic & Atmospheric Administration 
Outer Continental Shelf Environmental Assessment Program 
Environmental Research Laboratories, Rx4 
325 Broadway 
Boulder, Colorado 80302 

From: Division of Policy Development & Planning 
Office of the Governor 
Pouch AD 
Juneau, Alaska 99811 

Title: State of Alaska OCSEAP Coordination 
Research Unit #372 

Principal 
Investigator: Dr. Frederick F. Wright 

Duration: 

Total Cost: 

1 October 1978 to 30 September 1979 

$113,308.00 

Principal Investigator: 

>z_ L 
l;:::;;~ l}:1D~~--
OCS Research Management Officer 
Division of Policy Development 

& Planning 
Office of the Governor 
Pouch AD 
Juneau, Alaska 99811 
(9 07) 465- 3512 

Finance Officer: 

~-~r (_ //?7.~t-
William C. Mullin, Director 
Division of Finance 
Alaska Department of Administration 
Pouch C 
Juneau, Alaska 99811 
(907)465-2240 
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TECHNICAL PROPOSAL 

I. State of Alaska/OCSEAP Coordination 
Research Unit #372 
1 October 1978 to 30 September 1979 

II. Principal Investigator: Frederick F. Wright, Ph.D. 

III. 

Co-Principal Investigator: David W. Norton, Ph.D. 

Cost of proposal: A. Science 
B. Logistics 
C. Total 

$ll3,308.00 
.00 

$ll3,308.00 

IV. Backgrotmd: This program was established in November, 1975 by 
contract 03-6-022-35161 between the State and NOAA. It has 
functioned since to facilitate communications between assorted 
State agencies and the BLM/NOAA OCSEAP. Two professional 
positions and one clerical position are involved, assigned to 
the appropriate NOAA offices: 

1. OCSEAP Bering Sea - Gulf of Alaska Project Office, Juneau, 
.Alaska - OCS Research Management Officer, Dr. Frederick 
F. wright, and a State (temporary) clerical assistant. 

2. OCSEAP Arctic Project Office, Fairbanks, Alaska - OCS 
Research Management Officer, Dr. David W. Norton. 

This proposal covers only salary and staff benefits for the 
personnel involved. All other expenses (travel, clerical 
support, etc.) are covered by the Federal offices to which the 
State representatives are assigned. 

V. Objectives: The specific objectives of the program are to: 

1. support and maintain communication on all matters pertinent 
to OCSEAP between Federal and State agencies. 

2. provide experienced technical and management assistance 
on the Alaskan OCS research situation to NOAA and BLM. 

3. assist State agencies planning or managing OCS-related 
activities. 

VI. to XV. Not Applicable 

XVI. 

XVII. 

Outlook: It is anticipated that this project in some form 
will continue during the lifetime of the BLM/NOAA OCSEAP :in 
Alaska. 

Reporting: This program is so intimately involved in OCSEAP 
operations that rou~ine reporting on its activities to NOAA 
has been judged unnecessary in the past. Bimonthly activity 
summaries and prognostications are submitted to the State and, 
as schedules permit, the Research ~funagement Officers brief 
the Governor's Office quarterly on the OCS situation. 
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1. COVER PAGE 

To: NATIONAL OCEANIC-ATMOSPHERIC ADMINSTRATION 
OCSEAP Project Office 

Proposal Date: July 31, 1978 
Contract #: 03-6-022-35232 

Post Office Box 1808 
Juneau, Alaska 99802 

FY 1979 RENEWAL PROPOSAL 

Research Unit Number 417 

TITLE: Ecological Studies of Intertidal and Shailow Subtidal Habitats in 
Lower Cook Inlet and the NEGOA Region. 

Cost of Proposal: $120,000 Lease Areas: ·Lower Cook Inlet 
NEGOA 

PerJod of Proposal: October l, 1978 through September 30, 1979 

PRINCIPAL INVESTIGATOR: 

75% 
25% 

Name: Dennis C. Lees 

Signature' !.flxtdts C:. L= ~ 
Address: SRA Box 110, Homer, Ala~ka 99603 

T e 1 ep hone Number: ( 907) 235-8316 

Date: July 31, 1978 

INSTITUTION: Dames & Moore 
REQUIRED ORGANIZATION APPROVAL: 

Name: R. H. Winn 

Signature: 12. /I 4:/t;./AI~}B 
Position: Manager - Alas an Operat1ons 
Address: Dames & Moore, 510 L Street, Suite 310, Anchorage, Alaska 99501 

Te 1 ephone Number: (907) 279-0673 

OR-GANIZATION FINANCIAL OFFICER: 
Name: Jon M. enoist 
Signature: 4 . (ute) 

I 

Position: Ad inistrative Manager 
Address: Dames & Moore, 510 L Street, Suite 310, Anchorage, Alaska 99501 

Telephone Number: (907) 279-067,3 
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3. TECHNICAL PROPOSAL 

I. ECOLOGICAL STUDIES OF INTERTIDAL AND SHALLOW Sl:JBTIDAL HABITATS IN 
LOWER COOK INLET 

Research Unit #417 
Contract No. 03-6-022-35232 
October 1, 1978 to September 30, '1979 

II. PRINCIPAL INVESTIGATOR 

Dennis C. Lees 

III. PROGRAM COST 

A. Science $120,000 
B. Logistics -0-
c. Total ,$120,000 
D. Distribution of effort 

Lower Cook Inlet - 75% 
NEGOA - 25% 

IV. BACKGROUND 

The intertidal and shallow subtidal,portions of the Lower Cook 
Inlet and the NEGOA region are extremely important components of those 
systems, and are crucial to the well-being of many of their biological 
assemblages. The macrophytes in these regions produce large quantities 
of plant materials and are probably heavily utilized by detritivores 
that 1nhabit the coastal zone. Several species of" commercial importance 
(e.g., shrimp and clams) at least partially depend upon the supply of 
such materials. Many other commercial species (e.g., salmonids, halibut, 
several crab species) feed heavily on various detritivores such as 
hermit crabs, worms, snails, small shrimps, ~nd clams which depend 
largely on algal debris. In the past few years, information linking the 
macrophyte producers and commercial fisheries has begun to emerge but 
the full importance of this linkage has not yet been evaluated. Addi
tionally, many important marine birds and mammals feed heavily on organisms 
which live in the inshore areas and probably depend heavily upon plant 
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material produced by macrophytes. Furthermore, the littoral zone is 
important to many commercial species for spawning and rearing during 
their early life stages. 

Biological studies of the Outer Continental Shelf (OCS) pro
gram in Lower Cook Inlet commenced in spring 1976, shortly before the 
Lower Cook Inlet Lease Sale. Initial biological studies were of a 
reconnaissance nature. Research units (RU's) were initiated to examine 
intertidal, benthic, and planktonic assemblages, marine fishes, birds, 
and mammals. These studies provided valuable information on the distri
bution of important areas of plant production and key areas for a number 
of commercial and non-commercial species. Furthermore, they provided 
hints about some of the important relationships between organisms and 
assemblages in Lower Cook Inlet. 

Basically, the initial objective of this RU was to provide 
preliminary descriptions of the major intertidal habitats and assemblages 
in Lower Cook Inlet and determine their distributions. Attempts were 
made to develop qualitative assessments of their trophic structure and 
productivity. To a limited extent, this effort was extended into shallow 
subtidal habitats. Based on the results of that reconnai~sance, site
specific studies of sandy intertidal and rocky intertidal and subtidal 
habitats were initiated in FY 77 on the eastside of Lower Cook Inlet, 
and on a mudflat on the west side of the inlet. In these studies, the 
objectives were basically to examine zonation, seasonality, trophic 
structure, primary and secondary productivity and energy flow. Examina
tion of primary production for macrophytes required examination of 
growth rates for several of the dominant species. In FY 78, the scope 
of this RU was expanded to include additional sites on rock, sand, and 
mud in Kamishak Bay, and rocky habitats in the NEGOA region. The ap
proach to the field work was unchanged. 

At the completion of FY 78, two years of observations will 
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have been collected from the rocky intertidal and subtidal sites at 
Seldovia Point, rocky intertidal sites at Gull Island, from the sand 
beaches at Homer Spit and Deep Creek, and from the mudflat at Glacier 
Spit, Chinitna Bay; moreover, we will have collected one and a half 
years of plant growth data from subtidal macrophytes at Jakolof Bay. 
Additionally, we will have collected data from Kamishak Bay for a six
month period in FY 78 on: 

1) a mudflat in Cottonwood Bay; 

2) a sand beach near Iniskin Bay; 

3) three additional rocky intertidal sites between Cottonwood Bay 
and Iniskin Bay in Kamishak Bay (Figure 1); and 

4) from two sampling periods at several sites in the NEGOA region 
(Figure 2). 

The data produced by this RU have great relevance for several 
reasons. It is clear from experience in other parts of the world that 
the greatest observable impacts from oil-related problems occur in the 
intertidal and nearshore zones. These studies are providing detailed 
descriptions of representative examples of ~ajor inte·~idal and shallow 
subtidal habitat types. They have also produced quantitative data with 
which to evaluate the relative importance and productivity of these 
habitats and their sensitivity to potential impacts from OCS oil and gas 
exploration, development and production. Furthermore, the studies 
relate strongly to other major OCSEAP funded biological studies in Lower 
Cook Inlet. Numerous marine bird and fish species feed in the intertidal 
and shallow water habitats which this RU is examining. For instance, 
our infaunal data indicates that mudflats provide large quantities of 
clams to shorebirds, sea ducks, and gulls. Furthermore, the production 
of juvenile clams on the intertidal flats may be crucial to the success 
of Western Sandpiper and several duck species migrating north during a 
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typical spring "breakup". These mudflats are. also primary winter 
forage areas for several overwintering sea duck species. Moreover, 
large numbers of fish and crabs feed in the intertidal and shallow 
subtidal areas, and maximum utilization of these zones appears to occur 
in summer by juveniles. Synthesis of fish and bird food habit studies 
with the food availability data provided by this RU should provide 
valuable information on the relative contribution of the intertidal 
habitats to the Cook Inlet system. This RU also relates strongly with 
the benthic studies of Dr. Howard Feder. Both studies are examining 
assemblages that support and include numerous commercial species. Based 
on these studies, it appears that detritus-based food webs are important 
to several commercially important species. In this regard, the combination 
of primary production estimates for phytoplankton and macrophytes will 
provide a "first approximation" of the quantity of plant material 
available to the Cook Inlet system. 

The objective of the work proposed herein for Lower Cook Inlet 
is to analyze and interpret the data collected to date, and describe and 
evaluate the potential impact from OCS oil and gas exploration, etc. 
Thi's approach will permit a deliberate assessment of the assemblages 
examined, the information available on them and on similar habitats, and 
consideration of scientific literature on impacts from oil and gas 
deve 1 opmen t. 

We are proposing to continue a low intensity field program in 
the NEGOA region. The proposed sampling scheme would provide informa

, tion for two additional seasons (late fall and early spring) at sites 
sampled previously in mid-spring and mid-summer •. 

V. OBJECTIVES 

1. Assess seasonal changes in composition and define trophic 
relationships among dominant intertidal and subtidal organisms 
in representative habitats in Lower Cook Inlet. 
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2. Determine the seasonal patterns of primary production, growth, 
and standing crop for major macrophyte species. 

3. Describe and evaluate the potential for impact by OCS oil and 
gas exploration, development, and production on those inter
tidal and shallow subtidal habitats studies from FY 76 through 
FY 78. 

Objectives 1 and 2 relate directly to Objective 3 in that they 
provide the biological background necessary to accomplish Objective 3. 
The research dictated by the first two objectives should provide reason
able descriptions of major biological assemblages and relationships 
between different assemblages. These descriptions should permit identi
fication of particularly important organisms, areas or relationships 
with potentially high susceptibility. 

VI. STRATEGY AND APPROACH 

The major goal of the proposed continuation is to complete 
analysis and interpretation of the data collected in FY 77 and FY 78 in 
Lower Cook Inlet, and the NEGOA region and to compare this information 
with data from previous studies where available. A smaller expenditure 
of time and money has been allocated for continued site-specific studies 
in the NEGOA nearshore region. The strategy employed in the major task 
is simply to: 

1. process the data into tables, figures, and appendices that 
facilitate description and comparison and write a narrative 
report on those studies, and, 

2. to transfer the basic data onto 11 floppy 11 disks in an NODC 
format (File Type 030). 
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These activities will be conducted in the Homer office of Dames & Moore 
under the direct supervision of the Principal Investigator. Sample pro
cessing and data analysis are the immediate responsibility of Mr. William 
Driskell, .the lab director (Figure 3). Digital data processing is 
handled by Ms. Deborah Boettcher. We are presently developing a capability 
to type the raw data into an in-.house mini-computer and generate as 
output: 1) the NODC format digital data floppy disks, and 2) report
ready tables and appendices. In order to accomplish this, appropriate 
statistical tests will be programmed (see Analytical Methods). Report 
preparation will be the responsibility of the Principal Investigator. 
The substantial reduction in field activities will facilitate timely 
accomplishment of these tasks. 

The strategy in the NEGOA region is to conduct a modest strati
fied random sampling program in two major ocean entrances into Prince 
William Sound, i.e., in Hinchinbrook Entrance and between Montague 
Strait and Latouche Passage, at Danger Island. During FY 78, sampling 
was conducted in late spring and mid-summer and Latouche Point. We now 
propose to sample in fall .and early spring in order to provide seasonal . . . , . 

perspectives on depth-related patterns in species composition, abundance, 
coverage, and biomass. 

A. Sampling Methods: 

On rocky substrates in two major ocean entrances to Prince 
William Sound, four sites will be examined in November (fall) and April 
(early spring). This timing provides sequential seasonal sampling for 
the surveys conducted in FY 78. A winter survey was not included because 
of monetary and logistical constraints. 

We plan to examine intertidally in the Fucus and Alaria zones 
and subtidally, at three depths (15, 30, and 60 feet) in the laminarian 
zone. This permits examination of depth-related patterns in species 
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composition, abundance, coverage, and biomass in the rocky substrate 
assemblages. Density, relative cover, plant biomass and size structure 
of selected species will be determined from replicate quadrat samples. 
Quadrat ~ize will depend upon the size and density of the various 
target species; it may range from 0.1 to 25m2 • Relative coverage will 
be determined by visual estimation of cover within quadrats by various 
organisms. This technique is a quick method for approximation of cover 
domainance, but the results are suitably repeatable. Density of selected 
species will be determined by counting individuals within the quadrats. 
Biomass of plants is determined by collecting all attached plants in the 
quadrats and determining wet weights of each species. We will examine 
ten 0.25 m2 quadrats at each zone or level, in order to develop estimates 
of density, relative cover and biomass for the major species. The 
desire is to reduce variance to the lowest practical level. The number 
of replicates is strongly influenced by the constraints of water condi
tions, available time, and diving safety, however. In all cases, such 
estimates are based on replicate sampling. At all levels, the quadrats 
are placed along a 50 m measuring tape at points determined by random 
numbers. The tape is laid out along a specific depth (elevation) contour. 

Trophic structure will be determined by a combination of on
site feeding observations and stomach analyses, and previously recorded 
..fD_ situ observations. · This aspect of community structure is far too 
broad to be approached quantitatively, but some predictions about dietary 
trends are often justified. 

Generally, sampling adequacy is examined by a comparison of 
the mean and variance of a parameter. Collection of replicate samples 
provides an estimate of the sampling distribution. Subsequent comparison 
or sampling distributions from two or more sampling periods by one of a 
number of statistical tests permits evaluation of the observed differences. 
We routinely use a significance level of a = .0.05 to decide if a dif
ference is real and due to natural changes or sampling variability. 
This is a relatively simple procedure in population studies, but is not 

79 



DAMES 8 MOORE 
really practical for broad, descriptive ecological assessments, where 
densities of important species range from less than l/m2 to more than 
1500/m2 , and biomass of functionally important species range from 20 
gm/m 2 to over 50 kg/m 2 • Because of severe temporal and financial con
straints, given the breath of the objectives the limited sampling 
requires only permit distinguishing between natural and sampling varia
bility in the cases of large changes for abundant species. However, 
this limitation has generally permitted identification of seasonal and 
bathymetric patterns for dominant species for rock, mud, and sand habi'
tats. 

Consistency in species identification is assured by frequent 
intercomparison of organisms among the field investigators, and referral 
of questionable organisms to taxonomic specialists. 

Size measurement techniques will be standardized among inves
tigators. Estimation of coverage will be compared frequently among 
investigators to calibrate results. 

B. Analytical Methods: 

As indicated above, standard statistical techniques will be 
used to differentiate between sampling and natural differences in species 
composition, density, biomass, plant growth rates, etc., between sampling 
periods or sampling sites. Generally, confidence limits per se have not 
been calculated. Instead, we have routinely calculated standard devia
tion (not standard error) for all replicated data sets. In the final 
report, if confidence limits are deemed beneficial or can be applied to 
the analysis, we will use the 95% confidence limits to describe the 
variability (or precision) of the, sample means. These are calculated as 
follows: 

Lower Limit = x t { x/n 

Upper Limit = x + t I x/n 
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where 

x = the arithmetic mean of a sample set, 
n = the number of observations, and 
t = is the Student•s "t" value for n-1. 

In our case, sample size is generally too small to permit calculation of 
confidence limits using the sample variance (s2 ) and frequently, it is 
not advisable to assume a Poisson distribution. It frequently seems 
most expeditious to limit these calculations to "s" or the standard 
error (I s2 /n, the standard deviation of the mean). 

Depending upon the type of data, we will employ Student's t
test, or one of a number of non-parametric tests, such as the Wilcoxin 
matched-pairs signed-ranks test, Kolmogorov-Smirnov two sample test, 
Mann-Whitney U test, x2 tests, or Kruskal~Wallis one-way analysis of 
variance (Siegel, S. 1956. Non-parametric Statistics, McGraw-Hill). 

Size data for invertebrates will be used to develop life 
tables, including estimates of growth and mortality rates. This is done 
using a method developed from the Brody-Bertalanffy growth equations 
(Ebert, T. A., 1973, Oecologia 11:281-298). 

Data for plant growth, density and biomass will be used to 
determine estimates for primary production for the macrophytes, according 
to the methods described by K. H. Mann (1972, Marine Biology 12:199-209; 
ibid, 14:1-10). This method uses growth rates, biomass estimates, size
frequency data, and length-weight regressions to determine annual primary 
production. 

After tabulation of the field data, proper statistical tests 
are determined depending on the type of data under consideration, and 
parameters are compared between sampling levels within a survey, or 
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between surveys at a specific level. The relationship between density, 
biomass, and size structure is examined to gain insight into the mecha
nics involved in observed changes. Frequently, where the data exhibit 
strong patterns, graphical presentations are more appropriate. This is 
definitely the case with the intertidal data, where strong seasonal and 
zonal (elevation) patterns are present. Also, the growth rate data and 
trophic structures are conducive to graphic presentation. However, in 
all cases, the complete data sets will be presented in appendix form to 
permit other investigators access to them. In this form, the data are 
somewhat easier to use than in the NODC digital data format. 

VII. DELIVERABLE PRODUCTS 

A. Digital Data - Table 1 

1. Listing of types to be provided by research- those items
noted with an 'x' will be provided. Additional digital data 
to be provided include size-frequency summaries, algal growth 
rates, and feeding data (on File Type 023. format). 

2. Maximum/minimum values for applicable parameters: 

Parameter 

Percent Cover 
Count of Species 

For Record Type '4' 

Unit 

Percent 
Units 

Wet and Dry Weights 
Minimum/Maximum/Mean ·Length 
Plant Weight 

Grams 
Centimeters 
Centimeters 

Wet/Dry Weights 
Length/Width of Sample 

For Record Type '5' 

Grams 
Centimeters 

Minimum 

0 
0 
0 
0 
0 

0 
0 

Maximum 

100 
500 

10,000 
2,000 
2,000 

10,000 
2,000 

3. Listings from programmed floppy disks are read by one 
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TABLE 1 

FILE TYPE 030 - INTERTIDAL DATA 

Common to all records 
xFile Type 
xFile Identifier 
xRecord Type 
xStation Number (Record Types 2,3 & 4) 
xSequence Number (Record Types 2,3 & 4) 

Record Type '1 • - File Header 
xVessel Name/Cruise Number 
xCruise Dates 
xSenior Scientist/Investigator/Institution 

Record Type '2' - Station Header 
xGeographic Position 
xDate/Time 
Surface Water and Air Temperatures 
Salinity 
Secchi Depth 
Weather (codes) 
Wind/Sea State (codes) 
Beach Exposure Direction 

xSubstrata Type (code) 
xHabitat Description (codes) 

Record Type 1 31 
- Site Header 

Catalog/Photograph Numbers 
xGear Type (code) 
xTransect Number/Direction 
xMeter Number 
xSample/Zone/Arrow Number 
xQuadrat Size/Elevation/Slope 
xSubstrata and Surface Topography 

Types (codes) 
xCollection Time 
xsieve Size 
Dilution Volume 

xSediment Volume 
Grain Size 

xGrab Number 
Patch Grid Size 

xTotal Work Area 
Number of Grids Occupied 
Distance of Net Tow 

xWater Depth 
Large Sample Quadrat 
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Record Type '4' - Sample Data 
xNODC Taxonomic Code/Subspecies 

(code) 
Sex (code) 

xSample Condition (code) 
xPercent Coverage 
xCount of Species 
xWet and Dry Weights 
xMinimum/Maximum/Mean Lengths 
Minimum/Maximum/Mean Widths 
Minimum/Maximum/Mean Age 
Number of Grids Occupied 
Displacement Volume 
Dilution Volume 

xPlant Height 
xStarfish Code 

Record Type '5' - Individual Sample 
Data 

xNODC Taxonomic Code/Subspecies 
(code) 

Sex (code) 
xSample Condition (codes) 

Age 
xWet/Dry Weights 
xLength/Width of Sample 
Displacement Volume · 

xStarfish Code 

Record Type '6' - Profile Data 
Oxygen 
pH and pH Scale (code) 

xTemperature and Salinity 
Permafrost Depth 
Secchi Depth 
Grain Size (Phi unit levels) 

Record Type 1 71 -Text 
xText/Comments 



technician for comparison by another technician to the origi
nal coded data forms. This procedure could be made much more 
efficient if the listing was translated back into a user 
product; i.e •• species codes were translated into species 
names, etc. 

B. Narrative Reports - No special reports at this time. 

C. Visual Data -All location maps will be submitted as directed 
on Mylar overlays. Map scales will be appropriate to the 
level of discussion. 

Location maps 
Zonation diagrams for species and assemblages 
Food web diagrams 
Temporal abundance charts for seaweeds 
Size/weight regressions for selected species 
Plant growth rate figures 
Size frequency histograms 

D. Other Non-digital Data - none anticipated 

E. Data Submission Schedule - Table 2 

VIII. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

Voucher specimen·collection will be retained in the Dames & 
Moore office in Homer rluring the study and transferred to the California 
Academy of Sciences at the request of the Project Office. We do request 
easy access to the specimens following transfer, however. 
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TABLE 2 
DATA PRODUCTS SCHEDULE 

Data Type Hedin Estimated Processing nnd 
(i.e. Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, (Volume of format by Project Period Submissior 
etc.) tapes, disks) processed data) (If known) (Yes or No) (Month/Year to Month/Year) (Honth/Ye:J 

Rocky Intertidal Disks 10,000 030 & Yes 10/77 to 7/78 9/79 
and Subtidal- records· 023 
Lower Cook 
Inlet 

Sandy and muddy Disks 5,000 030 & Yes l0/77 to 7/78 9/79 
interti.dal- records 032 

00 Lower Cook 
LTI Inlet 

Rocky intertidal Disks 10,000 030 & Yes 10/77 to 7/78 9/79 
and subtidal- records 023 
NEGOA region 



IX. ,LOGISTICS REQUIREHENTS - NEGOA Region 

Please fil.l 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 __D~~s~&~M~o~o~r~e ________ _ PRINCIPAL INVESTIGATOR __ De_n_n_i_s_C_._Le_e_s ___ _ 

A. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

SHIP SUPPORT 

Delineate proposed tracks and/or sampling grids» by leg, on a chart of the area. 
Include a list of proposed station geographic positiqns. See attached Fi§ure 2 
for NEGOA area. 

Describe types of observations to be made on tracks and/or at each grid station. 
Include a description of shipboard sampling operations. lle as specific and c:om

·prehensive as possible. Vessel wi 11 be used as a diving platform, for transportation 
and· for 1 odg i ng in the NEGOA a rea. 

lfuat is the optimum time chronology o£ observations on a leg and seasonal htw:i.s 
and \-That is the maximum alloHable depa.r ture from these optimum times? (Key to 
chart prepared under Item 1 when necessary for clarification.) Vessel use must 
be scheduled between low tide series, and sampling period should be in November 
and A ril. 

Hot< many sea days are required for each leg? (Assume vessel cruising spc~ed of 
14 knots for NOAA vessels. Do not j_nclude running time from port to heg:tnning 
point and from end point to port and do not include a \-Teather £actor.) Ten {10) 
days per survey. 

Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? This survey 
could not piggyback. 

Approximately how many vessel hours per day \V'ill be required for your observations 
and must these hours be during daylight? Include an estimate of sampling-t::i.me or> 
station and sample processing time bet:tV'een stations. 12-16 hrs/day 1n daylight 
hours. 

l.fua t equipment and personnel \.auld you expect the· ship to provide? \~ork and 
storage space, a suitable skiff and motor for diving ami intertidal work; a boat 
operator. 

\~hat is the approximate \-1cight and -yo1ume of equipment you \-:ill bring? 
1,500 lbs., 150 cubic ft. 

\\'ill your data or equipment require special handling? 
describe. Compressed air tanks, forma 1 in· 
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!il.\- you require any gases and/or chemicals? No 'If yes, they should be on 
.oard the ship prior to departure from Seattle or time allowed for. Bhipment hy 
>argc. 

10 you have a ship preference, either NO.>\A or non-NOA.\? If "yes", please name t:he 
·cssel and give the reason for so specifying. Yes. M/V Humdinger or M/V Searcher; 

local knowledge, operational convenience, availability, competitive charter rates. 

~f you recommend the use of a non-NOAA vessel~ what is the per sea day charter 
:ost and have you.verified its availability? .Yes. M/V Humdinger, $500/day, available, 

M/V Searcher, $750/day and fuel and food, available. 

[o~r many people must you have on board for each leg? Include a list of par.tici
.mnts, specifically identifying any lvho arc foreign nationals. 

4 persons; myself, R. j. Rosenthal, William Driskell, and unidentified assistant. 
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AIRCRAFT 3UPPORT - FIXED YING 

Delineate proposed flight lines on a chart of the area. Indicate desired flight 
altitude on each line. (Note: If flights are for transportation only,. char.t 
!:ubmission is not necessary but origin and destination points should be_ listed.) 

Transportation flights from Homer to Port San Juan, in Prince William Sound, 
and back. 

Describe types of observations to be made. 
Transportation 

Hhat is the optimum time chronology of observations on a seasonal basis and what 
is the maximum allotvable departure from these optimum times? (Key to chart 
prepared under Item 1 \vhen necessary for clarification.) N/A 

Hm·T many days of flight operations are required and hotv many flight hours per day? 
2 days, 3 hrs/day 

Total flight hours? 6 hours 

Do you consider your investigation to be the principal one for the flight, 
thus precluding other activities or requiring other activities to piggyback 
piggyback or could you piggyback? Could carry bird or marine mammal observers, but 

the amount of equipment would preclude much more. 

\-Hwt types of special equipment are required for the aircraft (non carr.y-on)? N/A 

\-!hat are the weights, dimensions, poHer requirements, and installation 
problems unique to the specific equipment. 

Hhat are the Heights, dimensions and power requirements of carry-on equipment? N/A 

\·!hat type of aircraft is best suited for the purpose? De ltavill and otter on floats 

Do you recommend a source for the aircraft? Yes 
If "yes", please name the source and the reason for your recommendation. 

Kachemak Air Service - established knowledge, safety and reliability 

\·.'hat is the per hour charter cost of the aircraft? about $250/hour 

llO\..r mnny people are required on board for each flight (exclusive of flight: m~ciV)? 

Four 

\!here do you recom.r:1end that fl iP"ht:s hP. sr-:~r>Prl frnm? 
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X. ANTICIPATED PROBLEMS 

The major problems concern boat charters in Prince William 
Sound and weather. l~e anticipate difficulty in finding a suitable boat 
for the proposed November samp 1 i ng period in Pri nee Wi 11 i am Sound. · It 
is highly likely that both boats recommended in Section IX will be 
located in Kachemak Bay by·November and, because of the season, will not 
be willing to travel to the Sound for a charter. The solution to this 
problem is to attack the problem at the earliest possible time. 

The problem of weather can be resolved by using alternate 
study sites and planning for extra field time. We·will attempt to 
establish sufficiently flexible field schedules and charters that they 
can be rescheduled to suit changing weather conditions. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATIONS 

Arrangements are being made to acquire the following information: 

A. NEGOA OCS reports (Dr. Steve Zimmerman) 

B. Phytoplankton productivity reports (Jerry Larrance, PMEL) 

C. Benthic reports from Cook Inlet (Dr. Howard Feder) 

D. Bird feeding data from Lower Cook Inlet (Dr. Paul Arneson & 
Gerald Sanger) 

E. Inshore fish data from Lower Cook Inlet (Dr. James Blackburn, 
ADF&G) 
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XII. OUTLOOK 

Upon completion of the ~esearch proposed for FY 79, a major 
step will have been completed in the description of intertidal and 
shallow subtidal habitats -- basic descriptions of the most important 
intertidal and ·shallow subtidal habitats will have been developed. 
Generally, it appears that three additional aspects must be studied to 
complete the OCSEAP investigations. These inGlude (1) descriptions of 
the nature and importance of the relationships between the components of 
the biological system in Lower Cook Inlet, as partitioned within the 
OCSEAP format, (2) experimental investigations into the ways that oil 
and gas exploration, development and production can potentially affect 
these components and relationships, and, based on the preceding studies, 
{3) an assessment of the sensitivity and susceptibility (risk analysis) 
of the various assemblages. 

The intertidal and shallow subtidal zones of Lower Cook Inlet 
appear to be important to a number of valuable commercial and non• 
commercial species, such as king, tanner and dungeness crabs, several 
salmonids, sea ducks, shorebirds, shrimp, clams and sea otters. Their 
importance derives ·largely from. the· production of dense concentrations 
of plant and animal food materials, and the provisions of nursery areas 
for larvae and juveniles. As a consequence of the importance of a 
number of the species, detailed studies of specific relationships would 
appear valuable for a thorough understanding of the potential effects of 
petrochemical activities • 

. One of the most conspicuous categories of relationships involves 
marine birds and the intertidal and nearshore assemblages. Several 
species appear to be quite dependent on these habitats for food for 
varying periods of time; in several instances that dependence may be 
critical. For instance, we have conducted some preliminary research 
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indicating that several species of shorebirds: and sea ducks {particularly 
western sandpipers, seaters and scaup) exert tremendous predation pressure 
on the juvenile clam resource of the mudflats during spring migration. 
In another case, the rock sandpiper, a resident shorebird, feeds mainly 
in cobbly areas or boulder fields. A more difficult aspect to this study, 
but possibly as important, is the utilization of intertidal and nearshore 
habitats by demersal fishers and epit"aunal invertebrates. These types 
of studies required would detail the specific points of utilization and 
their relative importance to the exploiting species and to the resource 
utilized. 

We suggest that it would be most efficient to examine the 
interactions between the intertidal zone and associated bird and fish 
assemblages in one coordinated effort. The approach must include a 
program assessing resource (e.g., clam) stocks, while at the same time 
documenting exploitation pressures by the birds and fish. In addition, 
the experimental design must permit assessment of partitioning of exploi
tation effort among the potential predators such as shorebirds, sea 
ducks, flatfish, cottids and crabs. It appears that mudflats and rocky 
areas should receive the greatest effort and sand beaches the least, and 
efforts should be concentrated on birds and epifaunal invertebrates. 

The final results should include detailed information on densi
ties of specimens and size structure of the main species utilizing the 
major intertidal habitats in Lower Cook Inlet. Determination of 1) the 
relationships· between the major component assemblages and 2) the relative 
importance of the various interactions would be "significant milestones", 
permitting strong predictions of the areas and assemblages susceptible 
to potential effects from petrochemical development and production. 
These predictions also would permit establishing sensitive and pertinent 
monitoring studies to provide early detection of environmental degradation. 
The study should be carried out intensively for at least two years, at an 
annual cost of about $250,000, and at a reduced level for another three 
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years, to acquire infonnation on long tenn changes, at an annual cost of 
about $100,000. 

We also suggest in situ studies to investigate the effects of 
petrochemical contamination on the intertidal assemblages in Lower Cook 
Inlet. Our studies indicate that many of the organisms grow slowly; 
some species exhibit low rates of recruitment. These characteristics 
would result.in slow recovery from acute contamination. Effects studies 
should be conducted on all substrates possible and during all seasons. 
Even so, it appears that it will be very difficult to observe directly 
the effects on the interactions between the major components (e.g., 
birds and mudflats). These studies should include closely controlled 
treatment of experimental plots with various substances related to 
petrochemical exploration, development and production. Such treatments 
should include oili!'g, application of various dispersants, etc., com
binations of oiling and dispersants, and controls. Such experiments 
would be extremely useful in judging how best to treat contamination 
should it occur. They would also provide useful information on detection 
of contamination, and on recovery patterns and rates. Cost by fiscal 
year is dependent upon the intensity and scope of the study. It appears 
that the results of the initial treatments should be monitored at least 
three years, based on our observations in rocky intertidal habitats. To 
conduct such experiments on at least four major substrates would cost at 
least $100,000 per year. 

Finally, we suggest assessment of the wetland resources in 
Lower Cook Inlet. This valuable resource, very widespread on the west 
side of the Inlet, has been neglected in spite of world-wide evidence 
supporting its high productivity and great susceptibility to petrochemical 
contamination. 
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XIII. STANDARD STATEMENTS AND AGREEMENTS 

A. Updated milestone charts will be submitted quarterly. A 
schedule for processing and analysis of past year's data will 
be submitted to the Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate Project 
Office during the contract year to be in OCSEAP hands by the 
first day of January, July, and October. Annual Reports are 
due by April 1. The Final Report will. be submitted within 90 
days of the expiration of the contract. 

C. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that .will be 
preserved, labeled, held, and shipped to an official OCSEAP 
designated repository in conformity with OCSEAP voucher specimen 
policy. Vouchering will include life history stages {e.g., 
larvae, juveniles, adults) when these are studied, and sexes 
where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the 
Project Office at least twice during the contract year to 
review project status and progress. Such reviews will be 
scheduled on dates mutually satisfactory to both parties. In 
addition, the PI may .be requested to participate in program 
review or synthesis meetings as required. It is understood 
that costs of the travel and per diem for these trips will be 
borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in 
the form and format specified in Deliverable Products Section 
VII, A thru E. Digital data submissions will be accompanied 
by a Data Documentation Form (NOAA Form 24-13). 
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F. Digital Data will be submitted to the Project Data Manager 
within 120 days of the completion of a cruise or three month 
data collection period, unless a written waiver has been 
received from the Project Office. The NODC Taxonomic Code is 
to be used for biological data submissions. 

G. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA Form ·24-23) will be submitted to the Project Data Manager. 

H. Title, for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration. All new equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded on 
Form CD-281, 11 Report of Government Property in Possession of 
Contractor 11

, (copy attached}. Updated copies of these inven
tories will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presen
tation which pertain to technical or scientific material 
developed under OCSEAP funds, will be submitted to the ap
propriate Project Office at least sixty (60} days prior to 
release, for information and for forwarding to BLM. The· 
release of such material within a period of less than sixty 
days will be made only with prior written consent of·the 
Project Office. News releases will first be cleared with the 
appropriate Project Office. Five copies of all reprints which 
pertain to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project 
Office when they become available. 
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J. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The 
following acknowledgement is standard: 

"This study was supported by the Bureau of land Management 
through interagency agreement with the National Oceanic and 
AtmosphericAdministration, 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 {OCSE~P) Office. 11 
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WHITE PLAINS 

SUITE 310, SIO L STREET ANCHORAGE, ALASKA 99501 • TELEPHONE:: {9071 279-0673 
CABLE: DAMEMORE TELEX: (090) 25227 

September 13, 1978 

National Oceanic and Atmospheric Administration 
OCSEAP Office 
P.O. Box 1808 
Juneau. Alaska 99802 

Attention: Dr. Herbert Bruce, Director 

Gentlemen: 

Modifications of a Proposal for 
Continuation of Ecological Studies. 
of Intertidal and Shallow Subtidal 
Habitats in Lower Cook Inlet and 
the NEGOA Region · 

In response to your letter of 25 August 1978 specifying revisions 
to our proposal of 31 July l978, I .submit the following amendments 
and/or explanations. 

1. File Type 02.3 ·Will be used to report certain data; Table 1 
(Cont.} indicates the variables to be submitted and should be 
inserted in Section 3, paragraph VII., as part of Table 1. 

2. Section 3, paragraph VII.B. (page 18) should be amended to 
indicate that a final narrative report will be submitted as a 
deliverable product in partial fulfillment of the contract. 
One objective of this report will be to describe and evaluate 
potential oil and gas impacts on the intertidal and shallow 
subtidal habitats. 

3. Regarding the 11 inordinate amount of time between data collection 
and data submission, .. I have the following coinments and amendments. 
Since August.l977 we have been in the process of developing 
in-house capability for digital data processing at the Homer 
office. This task has been slow and painful, but 1s nearing 
completion. Because of the difficulties experienced so far, I 
feel more comfortable with the previously stated submission 
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TABLE 1 (Cont.) 

FILE TYPE 023 - FISH RESOURCE ASSESSMENT 

Common to all records 
xFile Type 
xFile Identifier 
xRecord Type 

Agency Code 
xVessel Code 
xCruise Number 
xHaul or Set Number 

Record Type '1 • - File Header 
Number of Hauls 
NPFC Area 

xLongtitude/Latitude 
xDate/Time 
xGear Code 
Duration of Fishing 
Distance Fished 
Direction of Tow 
Performance 
Surface Temperature/Gear Temperature 

xAverage Depth of Bottom During Tow 
xBottom Type Code 
Sounding Record 
Bottom Trawl Type/Accessories 
Bottom Trawl Warp or Scope Length 
Air Temperature 
Pres Weather 
Cloud Amount 
Sea State 
Wind Direction/Force 

xCurrent Direction/Force 

Record Type '2' -Trawl Gear -Not Applicable 

Record Modifier 
xSequence Number 

Record Type '3' -Miscellaneous Gear -Not Applicable 

Record Type '4' - Species Catch - Not Applicable 

Record Type '5 1 
- Length-Frequency 

xTaxonomic Code 
xSex Code 
xLength of Class (mm) 
xLength Code 
xlength Frequency 
Length Sample 

Record Type '6' - Individual-Biological 
xTaxonomic Code 
xSex Code 
xSex Maturity 
xLength of Individual (mm) 
xLength Code 
xWeight of Individual. ~gm) 
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date. Next, the original Data Products Schedule (Table 2) 
should be replaced by the enclosed amended table. This table 
incorporates a corrected typographical error and corrections 
for the collection periods which reduce the length of time 
between collection of data~ and submission of records.· Finally, 
I anticipate that the digitized data will be submitted well in 
advance of the stated date {9/79); however, I would prefer to 
be in the more flexible position of submitting the data early 
rather than having to slip the submittal data and write a 
justification for that. Therefore, unless there are overriding 
reasons, I .prefer to leave the submission dates as they are. 

4. Amend Section 3, paragraph IX. (page 20·), Item A.3. to indicate 
that tentative dates for vessel charter are 10-20 November 
1978 and 9-10 April 1979. However, dates cannot be finalized 
without further coordination with R. J. Rosenthal concerning 
field efforts on his nearshore fish, study, and with several 
potential charter operators concerning charter dates. 

5. Under Section 3, parpgraph XI. (page 25}, add: 

F. Meroplankton and zooplankton data from Lower Cook 
Inlet (Dr. Tom English}. 

Assistance in obtaining these reports is not requested at this 
time. 

6. The field sampling in October 1978 (as indicated on the mile
stone chart) was proposed under the FY78 contract to provide 
Fall information. It will involve final sample and data 
collection on intertidal and subtidal habitats in the east 
side of Cook Inlet. Logistics requirements are provided for 
in the budget for FY78. 

7. The functions of the personnel listed in Section 4. Cost 
Proposal are indicated below: 

R. H. Winn - Principal-in-Charge, report review; 
D. C. Lees - Principal investigator, project manager, report 

preparation; 
J. P. Houghton -report preparation and review; 
W. B. Driskell, D. Boettcher and D. Erikson -sample and data 

analysis, data processing; 
C. White and L. Randall - bookkeeping; 
C. Manson and M. Stockdale- clerical; 
N. Savage -technical illustration. 

Be advised, however, that other persons may be involved in 
several aspects of the work, as required. 
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TABLE 2 

DATA PRODUCTS SCHEDULE 

Data Type Media Estimated Process i.ng and Collection 
(i.e. Intertidal (Cards, cod- Volume OCSEAP Formating done Period 
Benthic Organisms, ing sheets, (Volume of format by Project (Month/Year to Submission 
etc.) taEes, disks) Erocessed data) (If known) (Yes or No) MonthLYear) (MonthLYear) 

Rocky Intertidal Disks 10,000 030 & Yes 10/77 to 10/78 9/79 
and Subtidal- records 023 
Lower Cook 
Inlet 

Sandy and muddy Disks 5,000 030 & Yes 10/77 to 10/78 9/79 
intertidal- records 023 
Lower Cook 
Inlet 

f-' 
0 

Rocky intertidal Disks 10,000 0 030 & Yes 10/77 to 5/79 9/79 
and subtidal- records 023 
NEGOA region 



I~ 

DAMES 8 ~<'IOORE 

We hope that these rev1s1ons or explanations meet with your approval 
.or resolve your concerns. If you have further questions, however, 
please contact me at the Homer office (235-8316}. 

Very truly yours, 

DAMES & MOORE 

r)~~ 
Dennis C. Lees 
Project Marine Biologist 

DCL/ms 
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To: Bering Sea-Gulf of Alaska 
Project Office 

P.O. Box 1808 
Juneau, Alaska 99802 

Proposal Date: 23 June 1978 

Contract #: NOAA 03-5-022-67T08 

Institution ID #: P78-73 

FY 1979 RENEWAL PROPOSAL 
(Revised 30 August 1978) 

Research Unit Number: 424 

Title: Lower Cook Inlet Meroplankton 

Cost of Proposal: $95,000 Lease Area: Lower Cook Inlet 100% 

Period of .Proposal: 1 October 1978 through 30 September 1979 

Principal Investigator: 

Required Organization 
Approval: 

Organization Official 
Officer: 

REF: P78-73 

T. Saunders English 
Department of Oceanography, WB-10 
College of Arts and Sciences 
University of Washington 
Seattle, Washington 98195 

~orge C. Anderson 
Associate Chairman for Research 
Department of Oceanography 

JDeS: Cr~ager, Associate Dean 
College of Arts and Sciences 

(f)/OdEL!):_·~-
Donald R. Baldwin, Director ~ 

Grant and Contract Services 
1 Administration Building, AD-24 
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TECHNICAL PROPOSAL 

I. Title: Lower Cook Inlet Meroplankton 
Research Unit Number: RU(424) 
Contract Number: 03-5-022-67-TA8 

II. 

III. 

IV. 

v. 

Proposed Dates of Contract: 1 October 1978 to 30 September 1979 

Principal Investigator: T. Saunders English 
Department of Oceanography 
University of Washington 

Cost of Proposal - Federal Fiscal Year 1979 

A. Science $95,000 

B. PI - provided logistics 0 

c. Total $95,000 

D. Distribution of Effort by Lease Area: 100% Lower Cook Inlet 

]3ackground 

This proposed research on early life history stages of fishes, 
shrimps, and crabs will contribute to knowledge of the quantitative 
temporal and spatial changes in composition and feeding habits for 
principal life stages of marine organisms in the Kamishak Bay area 
of Lower Cook Inlet. These data are needed for determining critical 
species or stages and will provide important information for use in 
evaluating the sensitivity of areas that may be impacted by 
petroleum development. This work will be based on earlier biological 
surveys which have provided species lists and general information on 
the relative abundance and distribution of important marine organisms. 
The field effort and analysis of past data will be coordinated with 
RU's 5, 138, 341, 417, 425, and 512 to provide a comprehensive 
understanding of the dynamics of these ecosystem components. 

Objectives 

The objectives of this study are to contribute to an understanding 
of the quantitative seasonal changes in composition and feeding 
habits of dominant marine organisms. Specific objectives are: 

A. Identify early life history stages of important components 
of the food webs of Lower Cook Inlet, Kachemak and Kamishak 
Bays. 
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B. Describe temporal and spatial dynamics and distributions of 
these important ecosystem components, specifically ichthyo
plankters and meroplanktonic stages of shrimp and crabs. 

C. Evaluate timing and use of specific areas within Lower Cook 
Inlet and its bays by these early life history stages of 
fishes, shrimp and crabs. 

D. Exchange data and information with RU's 5, 138, 341, 417, 425, 
and 512 to provide a comprehensive understanding of these 
ecosystem components. 

These objectives are relevan~ to decision making during leasing 
and development because time periods and geographic areas will 
be identified as having greater abundance of early .life history 
stages of fishes, crabs, and shrimps of substantial importance in 
sport and commercial harvests. This information will be useful 
in prediction and after-the-fact evaluation of environmental 
effects and hazards of oil and gas development in Lower Cook Inlet. 

VI. Strategy and.Approach 

The general strate'gy of this contract year is to analyze FY 78 
samples to present the results in the format desired by the Project 
Office. The experimental design was provided by the Project Office 
which specified times and locations for sampling and the field 
methods to be used. The narrative reports and visual data will 

. meet the stated objectives by: 1) identifying important organisms, 
2) describing temporal and spatial dynamics and distributions, 
3) evaluating timing and use of specific areas, and 4) exchanging 
data and information. 

This project will be managed by the Principal Investigator with the 
assistance of the Manager of Administrativ~ 3ervices, University of 
Washington, and the Office of Grant and Contract Services, University 
of Washington. 

· A. Sampling Method 

There will be no field·sampling in FY 79. 

B. Analytical Methods 

The methods of analysis to obtain densities of organisms per 
square meter and per cubic meter will be standard MARMAP 
methods (Smith, 1974). The theoretical model for estimating 
the abundance of organisms was described by English (1964). 
A partially hiera~chical analysis of variance model with fixed 
and random factors will allow estimation of abundance in three 
dimensions with time, with confidence interval estimates about 
mean annual abundance and any other means of interest. The 
basic analysis of variance will provide a comparison between 
Inner Kachemak, Outer Kachemak, the Central Zone and Kamishak 
Bay. Basic time comparisons will be drawn between early summer, 
full summer, and early fall. Additional spatial comparison may 
be possible between bongo and neuston net samples. 
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English, T. Saunders. 1964. A theoretical model for 
estimating the abundance of planktonic fish eggs. 
Rapports et Proces-Verbaux. Conseil Permanent 
International pour l'Exploration de laMer. 
155: 174-182. 

Smith, Paul Edward. 1974. Manual of Methods for 
Fisheries Resource Survey and Appraisal, Part 4. 
Standard Techniques for Pelagic Fish Egg and Larva 
Surveys. Edited by Paul Edward Smith. Draft Copy, 
August 1974. 

The bongo net samples taken with 0.505 mm mesh will be analyzed; 
The samples taken with 0.333 mm mesh will be stored. The 
samples taken with the neuston net will be analyzed. 

The laboratory analysis proceeds under recommended MARMAP 
procedures. The volume is measured as a basis for considering 
splitting samples. The sorting by lesser skilled persons is 
checked in later sorting for other categories of organisms. 
Lower skilled persons can make preliminary identifications, but 
final identifications, sizing, enumeration, and staging are 
reserved for more skilled persons. Bottling, storing, curating, 
and voucher specimen selection are accomplished using MARMAP 
and OCSEAP procedures. 

The computations, keypunching, and other manual aspects of 
data handling and analysis are all subject to independent 
proofreading. 

The variable of interest is the number (concentration) of 
organisms beneath a unit sea surface of 10 square meters: 

where: 

c 

a is the area of the bongo net in square meters, 
b is the length of tow path in meters, 
c is the number of organisms in the sample, 
d is the maximum depth of the tow in meters. 

The parameters a, b, c, and d are not considered to be variables; 
C is considered to be a variable. The sampling design of the 
Project Office implies areas and periods as first order effects 
with possible statistically significant interactions. Confidence 
limits can be computed about any means of interest and will be 
possible when the Project Office states the supporting rationale 
of the sampling scheme so that cells of area and time can be 
constructed. 
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The concentrations of organisms will be plotted on maps which 
emphasize the temporal and spatial distributions of these early 
life history stages. 

The av,eraging may be arithmetic or geometric as appears 
appropriate, but will always be identified as to method. 

VII. Deliverable Products 

A. Digital Data 

The list of parameters that will be submitted in File Type 024 -
Zooplankton 02 and the minimum and maximum values applicable to 
this study are listed below: 

·Parameters 

Common to all records 
File Type 

· File Identifier 
Record Type 
Station Number (Record Types 2-6 only) 

Record Type '1' -Header 
Vessel Name 
Cruise Number 
Cruise Dates 
Area/Project 
Investigator/Institution 

Record Type '2' -Location 
Latitude 
Longitude 
Date (GMT) 
Time (GMT) 
Depth to Bottom (m) 
Sample Interval 

Upper 
Lo"wer 

Ship Speed (knots to 1/10) 
Surface Water Temperature (C 0 to 1/10) 

Record Type 1 3 1 
- Total Haul 

Gear Characteristics (codes) 
Mesh Size 
Haul Distance (m) 
Volume of Water Filtered (m3) 
Duration of Tow (hr/min/sec) 
Haul Type (code) 
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Limits of Values 
Min c Max 

024 024 
alphanumeric 

1 6 
alphanumeric 

alphabetic 
alphanumeric 

750101 991231 
alphabetic 
alphabetic 

580000 
1380000 

750101 
0001 

0 

0 
0 
0 

-10 

620000 
1540000 

991231 
2400 
1500 

1500 
1500 

150 
200 

1 17 
333 2000 

1 9999 
1 999999 
1 20000 

alphabetic 



Limits of Values 
Parameters Min Max 

Record Type '4' Subsample Data 1 
Sample Number 1 9999 
NODC Taxonomic Code 
Life History (code) 

6175 8857041902 
alphanumeric 

Size of Subsample (% to 1/10) 
Number in Subsample 
Concentration of Sample (/m3

) 

1 1000 
1 99999 
1 999999 

1 9999 
Record Type '5 1 -Text 

Sequence Number 
Text alphanumeric 

Record Type '6' - Subsample Data 2 
Same as Record Type '4' 
Concentration of Sample (/m3

) 1 999999 

In processing digital data, original haul sheets and count 
sheet numbers are transferred to IBM 80-column entry sheets, 
keypunched and listed. These listings are proofread from the 
original haul and count sheets. Corrections are made, then 
new listings are made of the corrected deck. These corrections 
are then proofread again from the originals. Deck listings are 
checked two more times for correct spacing and field placement. 

B. Narrative Reports 

The narrative reports will describe methods, spatial and 
temporal intensity of sampling, techniques employed, current 
status of knowledg~ description of statistical treatment, 
results, discussion and conclusions. Recommendations for 
further investigations will be defined. Our analysis and 
interpretation will include and discuss other significant 
reports dealing with the zooplankton of Cook Inlet. 
Appropriate reports include, but are not restricted to: 

Damkaer, D.M. 1977. Initial zooplankton investigations in 
Prince William Sound, Gulf of Alaska, and Lower Cook Inlet, 
Research Unit 425, Annual Report. 138 pp. 

Haynes, E. 1976. Summary status on the distribution of king 
crab and pandalid shrimp larvae, Kachemak Bay - Lower Cook 
Inlet, Alaska. Vol. IV. Environmental Studies of Kachemak 
Bay and Lower Cook Inlet, Alaska, Dept. of Fish and Game, 
Anchorage. 

Sundberg, K. and D. Clausen. 1976. Post-·larval king crab 
(Paralithodes camtschatiaa) distribution and abundance in 
Kachemak Bay, Lower Cook Inlet, Alaska. Vol. V. 
Environmental Studies of Kachemak Bay and Lower Cook Inlet. 
Alaska Dept. of Fish and Game, Anchorage. 
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We will provide special reports for synthesis meetings and 
other project purposes. 

Visual Data 

Information will be portrayed in maps, charts, figures and 
tables to support the narrative reports, similar to previous 
guidance. Specific ite~s are: 

a. Maps identifying sampling sites. 

b. Charts illustrating: 

(1) Temporal quantitative distribution of principal 
planktonic life stages for each major species or 
species group by season. 

(2) Primary spawning areas for major species where 
applic~ble. 

c. Figures and tables illustrating: 

(1) Temporal changes in species composition and density 
at each sampling site. 

(2) Temporal changes of relative abundance of principal 
life stages of major species of species groups at 
each sampling site. 

The regular maps will be submitted. In addition, we will 
supply transparent, labeled Mylar film overlays on standard 
map formats for all map products desired by the Project Office. 
The blank Mylar maps will be supplied by the Project Office. 

D. Other 

None 

E. List of Data Products and Data Submission Schedule 

We intend to submit data by 3-month data collection periods 
as shown on the attached Data Products Schedule. 

VIII. Special Sample and Voucher Specimen Archival Plans 

Voucher specimens will be retained by the Principal Investigator 
throughout the period of this contract unless OCSEAP requests an 
early transfer to a permanent archive. 
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IX. Logistics Requirements 

The attached forms reflect no logistics requirements in this 
contract year. 

X. Anticipated Problems 

The major difficulty that could be associated' with this research 
is a hiatus in funding from NOAA, forcing layoffs and raising the 
uncertainty o~ rehiring qualified workers, as well as disrupting 
the scheduled milestones. 

We have no field objectives in FY 79. 

XI. Information Required from Other Investigators. 

We will need data and information from RU 1s 5, 138, 341, 417, 425, 
and 512. The Lower Cook Inlet Lease Area Coordinator will hold 
meetings at which the necessary information will be available and 
can be exchanged. 

XII. Activity/Milestone Chart 

The Activity/Uilestone Chart is attached. 

XIII. Outlook 

The outlook for this research unit will apparently be decided in 
a. series of planning and synthesis meeting in October-December 
1978. We do not know what the thrust of BLM desires will be and 
we do not know what paradigm OCSEAP will suggest. We feel that a 
detailed quantitative examination of the several shrimp populations 
of Inner and Outer Kachemak Bay might meet BLM needs. Those results 
would allow mass balance and population dynamics models that should 
have major impacts on decision making relative to environmental 
effects and hazards as they affect leasing and development. A major 
.decision could be required if a population is asserted to be at risk 
or when a population yields a decreased har.vest. 

XIV. Standard Statements 

A. Updated milestone charts will be submitted quarterly. A 
schedule for processing and analysis of past year's ~ata will 
be submitted to the Project Office upon request. 
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B. Quarterly reports will be submitted to the appropriate Project 
Office during the contract year to be in OCSEAP hands by the 
first day of January, July, and October. Annual Reports are 
due by April 1. The Final Report will be submitted within 90 
days of the expiration of the contract. 

C. Where biota are concerned, all species and higher categories 
will be represented by the voucher specim~ns that will be 
preserved, labeled, held, and shipped to an official OCSEAP 
designated repository in conformity with OCSEAP voucher 
specimen policy. Vouchering will include life history stages 
(e.g., larvae, juveniles, adults) when these are studied, 
and sexes where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the 
Project Office at least twice during the contract year to 
review project status and progress. Such reviews will be 
scheduled on dates mutua~ly satisfactory to both parties. In 
addition, the PI may be requested to participate in program 
review or synthesis meetings as required. It is understood 
that costs of the travel and per diem for these trips will be 
borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in 
the form and format specified in Deliverable Products Section 
VII, A through E. Digital data submissions will be accompanied 
by a Data Documentation Form (NOAA Form 24-13). 

F. Digital Data will be submitted to the Project Data Manager 
within 120 days of the completion of a cruise or three-month 
data collection period, unless a written waiver has been 
received from the Project Office. The NODC Taxonomic Code is 
to be used for biological data submissions. 

G. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA Form 24-23)will be submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with 
the U.S. Government pending disposition at contract expiration. 
All new equipment purchased will be reported quarterly and 
inventoried annually. The PI will maintain inventories of all 
expendable and non-expendable equipment purchased with OCSEAP 
funds. Information will be recorded on Form CD-281, "Report of 
Government Property in Possession of Contractor." Updated copies 
of these inventories will be submitted quarterly. 
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I. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific . 
material developed under OCSEAP funds, will be submitted to 
the appropriate Project Office at least sixty (60) days prior 
to release, for information and for forwarding to BLM. The 
release of such material within a period of less than sixty 
days will be made only with prior written consent of the 
Project Office. News releases will first be cleared with the 
appropriate Project Office. Five copies of all reprints 
which pertain to technical or scientific material developed 
under OCSEAP funds will be submitted to the appropriate 
Project Office when they become available. 

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

"This study was supported by the Bureau of Land Management 
through interagency agreement with the National Oceanic and 
Atmospheric Administration, under which a multi-year program 
responding to needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer Continental Shelf 
Environmental Assessment Program (OCSEAP) Office." 
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OTHER INFORMATION 

a. The general background of the proposer is in fisheries and 
biological oceanography. His work experience includes freshwater 
hatcheries, 'farm ponds, lakes and streams; he has done biological 
oceanographic research in the tropics, temperate waters, and in 
the North Polar Sea. The investigator has done similar work in 
OCSEAP in FY 1976, 1977 and 1978, and has done related work in Puget 
Sound since 1951. 

b. There is only one contract. 

c. The principal investigator shall actively lead and supervise the 
proposed work and shall take full responsibility for timely 
completion of all objectives, independent of the percentage of his 
salary requested in the budget. The principal investigator's time 
commitment is 25% from OCSEAP funding. The principal investigator 
is not involved with other OCSEAP research units or Federal projects. 
The principal investigator expects to be supported for the 9 months 
of the academic year by the University of Washington, subject to 
dismissal upon 2 weeks notice. The academic time commitments are to 
teach a course in winter and in spring quarters, which greatly limits 
or eliminates travel from January into mid-June. The principal 
investigator will have no other sources of support or time commitments. 

d. The personnel assigned for direct work on the project and their 
major supervisory assignments are: 

T. English - principal investigator 
K. Daly - crab identification 
L. Legacie - fish identification 
D. Roetcisoender - shrimp identification 
M. Weinstein - identification, data management, graphics 
D. Kisker - identification, data management, graphics 

This group has worked together in the OCSEAP program since 1975. 
Resumes are attached. 

e. No other information is considered to be relevant. 

f. Negotiations can be conducted by: 

Donald R. Baldwin, Director 
Grant and Contract Services 
University of Washington 
Phone: (206) 543-4043 
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Data Type 
(i.e. Intertidol. 
Benthic Organisms, 
etc.) 

Early Life 
History Stages 
of Fishes, 
Shrimps and 
Crabs 

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

Cards 
Cards 

Estimated 
Volume 
(Volume of 
processed data) 

5,000 
30,000 

DATA PRODUCTS SCHEDULE 

OCSEAP 
format 
(If.known) 

024 
024 

Processing and 
Formating done 
by Project 
(Yes or No) 

Yes 
Yes 

Collection 
Period 

(Month/Year to Honth/Year) 

Apr 78 Jun 78 
Jul 78 Sep 78 

Submissic
(Honth/Ye<:r 

Dec 7 
Jun 79 



MILESTONE CHART 

0 - Planned Completion Date 

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

RU (1 ~-42_4 __ _ PI: ___ T_._s_a_u_n_d_e_r_s __ E_n~g_l_i_sh ________ _ 

Major Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

1979 
MAJOR MILESTONES 

1978 
0 N D J F M A M J J A S 0 N D 

Planning Workshops: LCI Synthesis 

Data Processing 

Quarterly Report 0 

Submit Spring 78 Data (55 bongo) 0 

Annual Report 0 

Quarterly Report 0 

Submit Summer 78 Data (173 bongo + 173 neuston) 0 

Final Quarterly Report 0 

Final Report 0 



To: Department of Commerce, NOAA 
OCSEA Program 
Juneau Project Office 
P. 0. Box 1808 · 
Juneau, Alaska 99802 

Proposal Date: July 24, 1978 

NOAA Project: ~7120844 

FV 1979 RENEWAL PROPOSAL 

Research Unit: 425 

TITLE: Composition and Source of Organic Detritus in Lower Cook Inlet 

Cost of Proposal: $50,060 Lease Area: Cook Inlet {100%) · 

Period of Proposal: October 1, 1978 through April 30, 1978 

-----~ ------- -------------------------
PRINCIPAL INVESTIGATOR: 

Jerry D. Larrance 

~~~~~ 
acifi Marine Environmental Laboratory 

7600 Sand Point Way N.E. 
Seattle, WA 98115 
{206) 442-4900 FTS 399-4900 

ORGANIZATIONAL APPROVAL: 

Director 
PMEL/NOAA 
3711 15th Ave. N.E. 
Seattle, WA 98105 
{206) 442-4979 FTS 399-4079 

FINANCIAL OFFICER: 
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TECHNICAL PROPOSAL 

I. Title: Composition and Source of Organic Detritus in lower Cook Inlet 

Research Unit: #425 

Proposed Dates of Contract: October 1, 1978 - May 30, 1979 

II. Principal Investigator: Jerry D. Larrance 

III. Cost of Proposal for FY 79: 

A. Science 

B. PI-Provided logistics 

c. Total 

D. Cook Inlet 

116 

$50,060 

0 

$50,060 

100% 



3 

IV. BACKGROUND 

Offshore petroleum development in lower Cook Inlet will provide a potential 

5Gurce of contamination of the environment by accidental large spills and 

chronic low-level oil pollution. Such pollution would undoubtedly have a harm

ful effect on important commercial fisheries in lower Cook Inlet. 

Benthic species harvested include snow, king, and Dungeness crab, shrimp, 

razor clams, and scallops. These are commercially harvested primarily within 

the rectangle bordered by Anchor Point, Kachemak Bay, the Barren Islands, and 

Kamishak Bay (Bureau of Land Management, Final Environmental Statement, 1976). 

Some primary king crab recruitment grounds are within this area in the Bluff 

Point-Kachemak Bay region. The adverse effects to these species from oil 

pollution are discussed in BLM (1976). 

The larval stages of these and other benthic species are planktonic and 

rely on phytoplankton for food. Adults in the benthic community ultimately 

depend on organic production from phytoplankton and other plants. Phytoplank

ton grazed by zooplankton enters the detrital food web via fecal pellet deposi

tion. Other cells enter the benthos by sinking directly. As small sinking 

particles, the cells and pellets may act to transport oil from the surface to 

the bottom. Studies have indicated rapid removal and dispersal of surface oil 

by suspended particles. When oil enters seawater, emulsions of very tiny 

droplets can form. Some of the droplets become bound to particles by absorb

tion and adsorbtion; they subsequently sink directly or are sedimented in 

fecal pellets after being ingested by zooplankton. Thus, ingestion and sorb

tion act as precipitation mechanisms to transfer otherwise buoyant oil par

ticles to the detrital food web (NOAA Special Report, 1977; Forrester 1971 in 

NOAA; Conover, 1971). 
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Since lower Cook Inlet has a seasonally sustained high yield of phytoplank

ton, it can be assumed that their input of organic matter (fecal pellets and 

cells) to the benthos is considerable. The respective fraction of each is not 

known, but combined they can probably provide the means for transporting con

siderable amounts of oil to the bottom where it can impact the benthos. 

In addition to the role of phytoplankton in transporting oil to the benthos, 

primary production can be affected by oil contamination and thus impact higher 

trophic levels. The impact on phytoplankton depends on oil and other contami

nant concentrations, proximity of the cells to the contaminant, localized 

geography, species composition, and other variables. The species composition 

of a natural population can be significantly altered by oil contamination 

(Dunstan et al., 1975 and Lee et al., 1977). Other effects can include death, 

increased and decreased photosynthetic rates, decreased cell division rates, 

cell membrane damage, and other physiological abnormalities (Shiels et al., 

1973; Gordon and Prouse, 1973; BLM, 1976; Hufford, 1971 in BLM, 1976). ·Surface 

oil can lower light levels to decrease photosynthesis and can interrupt gas 

exchange across the surface. Hufford (1971} in BLM (1976) states that photo

synthesis can be decreased by 50 to 90% from lowered light levels and lowered 

cell division rates from phytoplankton under an oil spill. Drilling muds may 

contaminate phytoplankton and other biota due to the presence of toxic chromium 

and pipeline burial may resuspend contaminated sediments (BLM, 1976}. 

Phytoplankton standing stock and primary productivity are high in lower 

Cook Inlet. During our 1976 investigations, cell concentrations were greater 

than 106 cells/2 and primary production was as much as 7.7 gC/m2 day in May 

in Kachemak Bay. Mean primary productivity in lower Cook Inlet reached a 

peak of about 4.9 gC/m2 day in late May and decreased to about 0.7 gC/m2 day 

by late August (Larrance et al., 1977}. BLM (1976} reports that photosynthetic 
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rates in lower Cook Inlet range between 0.25 and 0.50 gC/m2 day. The latter 

figures are averages for an extensive region including the Aleutian Islands 

and may be annual estimates. They appear to be somewhat low for lower Cook 

Inlet in any case. 

The extremely high productivity in Kachemak Bay is caused, in part, by 

relatively long residence time of water, and by a strong pycnocline develop

ment in that region. A gyre tends to constrain water in outer Kachemak Bay 

and a constriction (Homer Spit) prevents rapid turnover of inner Kachemak 

Bay waters (Larrance et al., 1977; Evans et al., 1972; Knull and Williamson, 

1969). The local permanence and stability of the water column (i.e., water 

is not advected either laterally or vertically) enhances conditions for a 

bloom. Elsewhere in lower Cook Inlet, strong tidal currents cause pronounced 

mixing and prevent stabilization of the water. 

Phytoplankton populations in such embayments where water is locally con

strained are particularly vulnerable to toxic contamination since clean water 

dilution by mixing will not occur. The Kachemak Bay area is of particular 

importance, also, because king crab zoea in that recruitment area undoubtedly 

rely on the local phytoplankton community. 

There is an east to west transition across lower Cook Inlet with respect 

to magnitude and timing of maximum phytoplankton standing stock and productiv

ity. Organic production by phytoplankton in 1976 was 0.1 to 0.5 as great in 

Kamishak as in Kachemak Bay, and maximum productivity and standing stocks 

occurred about two months later in Kamishak Bay. Midchannel values were as 

high as in Kachemak Bay, but occurred about one month later when the water 

column became slightly stable. Thus, the organic input to the detrital food 

web from phytoplankton has distinctly variable components with respect to 

season, magnitude, and locale in lower Cook Inlet. 
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In the context of OCSEAP studies in lower Cook Inlet, a question was posed 

of the relative importance of phytoplankton and macroalgae as contributors to 

the total primary production of the Inlet. In a recent analysis using 1976 

measurements of phytoplankton productivity (Larrance et al .• 1977) and measure

ments of macroalgal growth (Dames and Moore, 1978), we estimated a maximum 

annual production of macroalgae to be about 7% of the phytoplankton production 

over the entire lower Cook Inlet. These estimates will be refined using our 

1978 data and any additional information on macroalgae by Dames and Moore or 

other investigators. The significance of these comparisons to OCSEAP is in 

the estimation of the probable impact on the ecosystem by disturbance of 

either or both of these two plant communities. 

Phytoplankton is abundant in lower Cook Inlet and its importance ·to the 

larval stages of commercial and other species is evident both in the transport 

of oil to the benthos and as sustenance for the benthos. It is of utmost 

importance to determine the fluxes of phytoplankton produced organic matter 

and total organic detritus; and to define the origin, composition and seasonal 

variation of organic detritus sinking to the bottom. Ar.cordingly, this inves

tigation will attempt to elucidate the fate of certain fractions of organic 

detritus in the lower Cook Inlet ecosystem. 
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V. OBJECT! VES 

This is a study of the downward fluxes, distribution, and composition of 

the suspended organic particles which contribute to the benthic food web of 

lower Cook Inlet. The objectives are: 

1. Define the seasonal composition and origin of the organic detrital 
material. 

2. Determine the short- and 1 ong-term vertical fluxes of organic 
particles to the bottom. 

3. Determine phytoplankton composition, standing stock, and produc
tivity during the biologically active period of the year. 

4. Test the feasibility for determination of sources of organic 
detritus by application of carbon and nitrogen isotopic composi
tion. 

The relevance of these objectives is included in the previous section. 

The objective of the present proposal is to complete a final report 

addressing the objE;!ctives 1 is ted above. 
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VI. STRATEGY AND APPROACH 

Field observations for this study will be complete by the beginning of the 

proposed contract period. The field program consisted of sediment trap deploy-

ment and recovery, intensive water column sampling, and primary productivity 

measurements. Five cruises were conducted in 1978 (March, May, June, July and 

August) to correspond to the period of highest biological production. The 

selection of sampling sites was influenced by studies conducted in 1976 

(Larrance et al., 1977). The timing and degree of biological activity dif

fered from east to west across lower Cook Inlet as a partial function of vari-

able water column stability and light attenuation by suspended particulates. 

Therefore, a 7-station transect (Fig. 1) running east-west was chosen to 

study the variable input of pelagic material to the benthic communities of 

Cook Inlet. 

Sediment traps, moored near the bottom at three sampling sites, were 

recovered after four or five days to provide minimum estimates of the input 

rate and composition of suspended particles reaching the sea floor. Aliquots 

were withdrawn from the sediment traps for the following analyses: 

a. plant pigments - chlorophyll a and pheopigments 

b. microscopic examination of major sedimented components including 
phytoplankton cells, zooplankton fecal pellets, macrophyte debris, 
etc. 

c. ratios of stable carbon and nitrogen isotopes. 

d. total particulate matter and total particulate carbon. 

Chlorophyll Budget 

A chlorophyll budget will be derived to examine the contribution of the 

algal biomass to benthic communities. Pigment concentrations in sediment traps 

provide useful measures of total plant matter lost from the water column while 

sediment traps were in place. 
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Figure 1. Station locations, Organic detritus studies,RU425, FY 1978. 
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Phytoplankton material can reach the sea floor in two important ways: 

a. cells may sink directly 

b. cells may be ingested by zooplankton, metabolically processed, 
repackaged, and eliminated as fecal ·material. 

Smayda (1970) reviewed the literature and reported highly variable sinking rates 

for phytoplankton cells (0-30 m dy-1) depending on cell buoyancy, .cell shape, 

ability to swim in response to stimuli, and nutrient concentration. Fecal 

pellets sink at significantly faster rates (=100-200 m dy-I) and are, therefore, 

less apt to be advected from their area of production. 

Recent work (Shuman and Lorenzen, 1975) demonstrated that planktonic 

herbivores degrade chlorophyll to pheopigments with a 100% molar efficiency. 

Therefore, the total chlorophyll lost to the water column due to zooplankton 

grazing and fecal pellet production can be calculated from the pheopigment 

content of a sediment trap. The chlorophyll concentration measured in the 

sediment traps is a measure of the chlorophyll deposited by direct sinking of 

phytoplankton cells or cell debris. The relative contribution of fecal pellet 

production (i.e., grazing) versus direct algal sinking can be quantified. 

The average chlorophyll content of the ambient water column was deter

mined concurrently. The absolute loss of chlorophyll from the water column 

(computed from sediment trap data) may then be expressed as the average daily 

percentage of the total phytoplankton standing stock that settles to the 

bottom. Chlorophyll synthesis may be calculated from carbon uptake experi

ments by applying a carbon/chlorophyll ratio interpreted from field data. 

It should be possible, then, to compare the amount of chlorophyll produced 

with that lost to the benthos to determine net loss or gain of chlorophyll 

to the system. 
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Coupled with the sediment trap technique, a field sampling program was 

conducted to gather information from the ambient water columns. Daily samples 

were taken at each sediment trap location for phytoplankton species, plant pig

ments, nutrients, solar insolation, primary productivity, total particulate 

matter, total particulate carbon, salinity, and temperature. These data will 

provide the necessary information for the chlorophyll budget and will enable 

us to determine phyto~lankton composition, biomass,·and productivity during 

the biologically active portion of the year. 

The chlorophyll budget approach will be most useful in areas where resi

dence time of the ambient water is long relative to the length of sediment 

trap emplacement. Work in 1976 (Larrance et al., 1977) suggested that 

Kachemak Bay may be a particularly fruitful area for such a technique because 

observed biological changes were mainly local rather than advective. Identical 

analyses will, of course, be conducted at midchannel and in Kamishak Bay. 

Comparisons of results from the three areas may provide insights about the 

validity of this approach .in· these distinct circulation regimes. 

Isotopic Composition 

In recent years, geochemists have used the distribution of stable isotopes 

of carbon and nitrogen to elucidate a range of geochemical and environmental 

questions. Parker (1963) identified the source of organic matter in estuarine 

sediments on the basis of isotopic composition, and Calder and Parker (1968) 

associated petrochemical contamination with carbon-12 and -13 composition. 

Abundances and distributions of carbon isotopes have also been applied to 

study the contribution of terrestrial organic matter in near-shore marine 

environments (Gearing, Plucker, and Parker, 1977). Although nitrogen isotopes 

have been used to a lesser extent to identify sources of organic matter, the 

relative composition of nitrogen-14 and -15 may be a more sensitive tracer 
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than carbon as was found.for sewage in a marine environment by Sweeney et al. 

(1976). 

To evaluate the relative contribution of terrigenous and marine organic 

matter in detritus settling to the bottom, we have initiated a program for 

determination of the sources of organic matter on the basis of its isotopic 

composition ~f carbon and nitrogen. The isotopic composition of a small num-

ber of samples of riverine suspended matter, sediments, sediment-trap material, 

and ~lankton will be analyzed. By measurements of these materials~ the sensi

tivity of the method will be assessed for distinguishing between marine and 

terrestrial sources of organic detritus in lower Cook Inlet. 
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Total Sedimentation 

The experimental approach outlined above will identify the major components 

and sources of the organic detritus and quantify the short-term vertical inputs 

of organic material to the sea bottom. We are also concerned with total sedi

mentation over longer periods and plan to cooperate closely with Dr. Richard 

Feely of this research laboratory (OCSEAP Research Unit #152). He has deployed 

sediment traps for periods of 4-5 months each in lower Cook Inlet. We antici

pate comparing these long-term results to data obtained from our short-term 

experiments to more completely document total detrital input. We will also 

employ results of the circulation studies obtained by Dr. Muench et al. of 

PMEL. 

A. Sampling Methods 

The sampling scheme was derived on the basis of findings from our 1976 

studies, circulation, and available loqistics and funding. A cross-inlet 

transect of seven stations was selected because it intersects the major 

water types {including turbidity and biological productivity) in lower Cook 

Inlet. In view of the large variability over 24-hour periods as measured in 

1976, repeated daily observations at each station were made to obtain better 

estimates of mean values for the period sampled and to assess day-to-day 

variations. 

We have assessed sampling and analytical variability for the measurement 

of chlorophyll and phaeophytin by our methods several times over past years. 

Similar estimates were occasionally made during the present study. These 

estimated variations are a function of the standing stock and will be applied 

accordingly. 
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The estimates include some "natural variation" which, for purposes of this 

study, can be considered as random error. Primary productivity experiments are 

routinely duplicated (1 ight bottles) to obtain variability of that technique. 

On three cruises, a grid of closely spaced (1 mile) stations in Kachemak Bay 

was sampled for salinity, temperature, nutrient and chlorophyll measurements. 

The purpose was to ascertain spatial variability around a single station. 

In addition, each sediment trap mooring contained two traps side-by-side. 

Comparison of samples from the duplicate traps should permit calculation of 

sampling variance. 

The sampling, therefore, was designed primarily to assess changes in the 

measured variables from month-to-month and station-to-station. Replication 

was applied insofar as practicable to estimate the variability necessary to 

determine whether observed changes were significant by appropriate statistical 

techniques. 

B. Analytical Methods 

Following deployment of sediment trap moorings, routine CTD-rosette casts 

were made to obtain temperature and sajinity profiles. Water samples were 

collected from several depths for measurement of various biological and chemi

cal parameters. Subsamples for phytoplankton species determination were pre

served in acetate buffered formalin and returned to the laboratory for analysis 

by inverted microscope techniques (Lund, Kipling and LeCren, 1958). Plant pig

ments were analyzed aboard ship using fluorometric methods (Lorenzen, 1966). 

Seawater samples for determination of dissolved inorganic nutrients were frozen 

and returned to the University of Washington Department of Oceanography for 

analysis by Auto Analyzer methods (Strickland and Parsons, 1972). Half-day 

primary productivity experiments were conducted using standard carbon-14 
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methodology (Strickland and Parsons, 1972}.- Total particulate matter was 

measured by filtering subsamples through preweighed 47 mm 0.4 pm Nuclepore 

filters. The filters were washed with de-ionized water, dried in a dessicator, 

and reweighed in the laboratory. Total particulate carbon is being determined 

by filtering through precombusted silver filters. Filters are rinsed in 

de-ionized water, dessicated, frozen, and analyzed by the micro-Dumas 

combustion method, employing a Hewlett Packard C-H-N analyzer (Sharp, 1974). 

During e~ch cruise, sunlight was continuously monitored with a Lamda Instru-

ments quantum sensor sensitive to light in- the photosynthetically active 

region (approx. 400-680 nm). 

Material recovered from sediment traps was collected for analysis of 

plant pigment content, total particulates, carbon and nitrogen isotopes, 

total particulate carbon, organic carbon, and microscopic inspection using 

methods adapted from those described in this proposal. 

Isotopic Analysis 

Organic carbon and nitrogen (e.g., sediments and tissue) must be first 

converted to C02 and N2 prior to isotopic analyses. This is accomplished in 

a high temperature combustion furnace in the presence of oxygen (Craig, 1953; 

Cline, 1973}. Undesirable reaction products such as carbon monoxide (CO) and 

nitrous oxide (N20) are converted to C02 and N2 in appropriate oxidizing and 

reducing furnaces. Carbon monoxide is readily converted to C02 at the surface 

of hot cupric oxide; nitrous oxide is readily reduced to N2 at the surface of 

hot, clean copper. Since the combustion and conversion reactions may isoto- _ 

pically fractionate the product, care must be exercised that the original ~-

substrate carbon and nitrogen be converted to C02 and N2 • 
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After conversion to C02 and N2 , the samples are analyzed isotopically on. 

an isotope-ratio mass spectrometer. Because the relative abundances of the 

isotopes of carbon and nitrogen are different (see· above), the isotope mass 

spectrometer is usually designed for the specific analysis. 

The mass spectrometer measures the C13jC1 2 and N15jN 14 ratio directly 

and compares it to a standard reference material. The results are usually 

expressed in delta-notation: 

and 

The standard for carbon is usually prepared from a cretaceous belemnite (PDB) 

or a suitable working standard compared to it. The standard for nitrogen is 

atmospheric N2 , which has been shown to be globally uniform (Sweeney et al., 

1976). The respective precisions for oC13 and oNls are around ±0.1 °/oo; the 

precision being somewhat better for carbon. 

Treatment of Data 

As described in VI. A. above, replication was designed into the sampling 

scheme to provide data from which variances could be calculated within cruises 

{day-to-day variance) and surrounding stations (e.g., Kachemak Bay grid). 

These coupled with previous studies of the variability of methods and tech

niques used at· PMEL should permit us to calculate the necessary standard 

deviations required to test for statistical significance from month-to-month 

at single stations and from station-to-station during a cruise. The precise 
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forms of analysis of variance or other tests (e.g., chi-square) to be applied, 

or their necessary logarithmic or other data transformations will be determined 

when the complete data sets are in hand. 

All data processing and subsequent statistical calculations and tests 

will be performed on the University of Washington's CDC-6600 using appropriate 

statistical software packages. The data will be displayed in tabular and 

graphical formats for understandable presentation. For example, single sta

tion and cross-sectional profiles of pigments, productivity, temperature, 

salinity, light, etc. will be prepared. No plan views or maps are anticipated. 

Confidence intervals will be amply stated. 

VII. DELIVERABLE PRODUCTS 

A. Digital Data 

1. The minimal suite of data (with expected values) to be submitted 
is listed on the following two pages. 

2. After being punched on data cards, the listing is proofread 
against original data. Data are thoroughly inspected for 
"outliers." 
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Fi 1 e Type 028 
Phytoplankton Species 

Common to all records 
/file Type 
./File Identifier 
_., Record Type 
.,; Station Number 

Record Type 1 - Master Record 
0 .. ., latitude/longitude .;;-q.- 10 0/!<51 °- r 5 'f fJ) 

...... Time · 

., Depth to Bottom 0 -~ oe ~ t 

Record Type 2 - Text 
;Text 
~equence Number 

Record Type 3 - Detail Record 
V" Samp 1 e Number 
v" Sample Depth 0- roo~ 
t/ Taxonomic Code 
v Count b - dDC)O 7 v Number of Cells/liter o - ( 0 

Wet/Dry Weight 
y-Volume of Water Filtered tClO~~ 
t./' Sequence Number 

Record Type 4 - Detail II Record 
Sample Number/Sample Depth 
Taxonomic Code 
Cells Per liter/Carbon Per liter 
Percent Cells/Percent Carbon Per liter 
Sequence Number 
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File Type 029 

Primary Productivity 

Common to all records 
v File Type 
.....-File Identifier 
./Record Type 
~Station Number (except record 0) 

Record Type 0 - File Header Record 
v Vessel 
./Cruise/Cruise Dates in GMT 
./Senior Scientist 
~Investigator/Institution 

Record Type 1 - Master Record 0 1 
1 e. _ 

0 
.· 

v Latitude/Longitude ~-q- ~ o ..U / IS I - IS lf W 
i/ Year/Month/Day 775/?:.- ~/· 
/Hour/Minutes 
/Time Zone 
/Depth to Bottom D - ~oc /k-\ · 
j/ Chlorophyll/Phaeopigments/Carbonb-s~,... 4'1. -a. 
,/One Percent Light Depth 0 -~D,AA-<. ~ 

Phosphate/pH Scale 
In Situ Corrections for pH f~easurements 

~SECCHI Depth L">- 50~, 
v Mixed Layer Depth o -~~'rfD ~, 
£,!'Light Level 0 - 700~. 

Record Type 3 - Detail Record 
VOepth of Sample D- C)DO~ -'"?. 
c./'Chlorophyll/Phaeopigment Concentration C> ~ '30 ~ .-ut.. 
y'Carbon Assimilation D-~'6-C ~-~ · 
V"'Elapsed Time of Incubation D- ( ~ ~, 

Oxygen 
/Phosphate P04-P D ·~ 4 ~ ~/.(, 

Ammonia NH3-N ..J. 

v Nitrate NO~-N/Nitrate N02-N t:._')- tf-O/c -r 0 ..-4'(\" ~./e 
V ~~1 icate S103-Si D ·-l bO/'-'~ ~~, 

Alkalinity 
v-- Temperature 0- d.O C 
/Salinity d0 -~<;%o 
v/Sequence Number 

Record Type 4 - Text Record 
if Text 
tJSequence Nurnber 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

f'HYTo ~L.AN t< TO . .O 
~'ft_(...lf:.S 

~RV-\A ~ 'f 
~ Robf.i \\'J\T'Y 

Hedia 
(Cat:ds, cod
ing sheets, 
tapes, disks) 

Estimated 
Volume 
(Volume of 
processed data) 

DATA PRODUCTS SCHEDULE 

OCSEAP 
format 
(If known) 

Processing and 
Formating done 
by Project 
(Yes or No) 

Collection 
Period Submissior 

(Month/Year to Month/Year) (J.ronth/Yet 

N 
0 
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B. Reports 

A final report will be prepared including display of pertinent data. 

Interpretation of data will b~ included with appropriate graphical presentation. 

The following items will be addressed which are consonant with the objectives 

of this research: 

1. The composition of organic detritus and its seasonal changes will be 
described. Variables to be examined are organic carbon and nitrogen 
content, plant pigment content, and the physical appearance of'par
ticles (microscopically determined}. 

2. The origin of the organic particles will be inferred from microscopi
cal examination, pigment content, and isotopic ratios of carbon and 
nitrogen. Visual identifications of particles from sediment traps 
can give an approximation of the proportion of particles which are 
phytoplankton cells, zooplankton fecal pellets, or other debris. 
The pigment content of sediment trap samples can provide some infor
mation as to whether the material is plant and whether it has been 
grazed by herbivores .. The isotopic ratios (although samples are 
limited in number) may provide a clue about the proportion of terres
trial vs. marine produced organic matter. 

3. Downward fluxes of organic detritus have been measured and their 
temporal (month-to-month) and spatial (cross-inlet) changes will be 
examined. The month-to-month information will be compared to the 
long-term fluxes concurrently obtained by Dr. Feely. 

4. The phytoplankton composition, standing stock , and productivity 
wtll be described for 1978 and compared to the 1976 data. Seasonal 
and spatial variations will be examined to determine what differ
ences are statistically sig~ificant. Correlations between primary 
production and environmental variables will be examined. 

5. Carbon and nitrogen isotopic ratios in particles from oceanic, 
estuarine, and riverine sources will be compared to determine if 
their differences are large enough and the random variatiorr small 
enough to warrant the use of these ratios for determining whether 
the.material is of terrestrial or marine origin in the Cook Inlet 
region. 

6. Calculations.will be made to determine the proportion of the·over
lying phytoplankton populations which sinks to near bottom, either 
as intact cells or herbivore fecal matter. 

7. The production of phytoplankton will be compared to that of macro
algae in. the Cook Inlet area to determine their relative importance 
in the organic matter budget. · 
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VIII. ARCHIVAL PLANS: None 

IX. LOGISTICS: None required. 

X. ANTICIPATED PROBLEMS: None. 

XI. INFORMATION FROM OTHER INVESTIGATORS: . None required other than that 

ac,quired through personal contact. 

XII. MILESTONE SCHEDULE (page 

XIII. OUTLOOK: Terminal. 

XIV. Contract Terms. 

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-der 4gnated repository in con
formity 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. Such reviews wi 11 be schedu 1 ed 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 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 copies of all publication or presentation manuscripts pertain
ing 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 re
lease 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 \'•ith the appropriate Project Office. 

10. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
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I. Title: Bottom and Near-Bottom Sediment Dynamics in Lower Cook Inlet 

Research Unit Number: 430 
Contract Number: 
Proposed Dates of Contractt Oct 1978. ~ Sept 19,79 

II. Principal Investigators: David A. Cacchione 
David E. Drake 

III. Cost of Proposal: 

A. Science 
B. P .1. Provided Logistics 
c. Total 
D. .Distribution of Effort: 

50% in Lower Cook Inlet 
50~ other 

IV. Background: 

$22,500 

The energetic currents caused by tides, wind, and density gradients 
transport large amounts of materials as suspended and bed loads with
in Lower Cook Inlet, Previous and continuing work by Bouma and 
Hampton (RU 327) and by PMEL oceanographers have provided detailed 
m:>rphologic charts and current measurements, respectively,.within 
this dynami.~ environment, Our work compliments these data and is 
intended toprovide quantitative information relating the tides 
and currents to t~e material transport. Our field efforts in 
F.Y. 78 during which we deployed two Geoprobe tripod systems will be 
completed in early F,Y. 79. Data analysis and reporting of results 
will follow. the field program. 

V. Objectives: 

This. study addresses-the overall objective of evaluating geologic 
hazards associated with erosion and deposition on the seafloor and 
o~ characterizing bottom sediment dynamics. Specific qbjectives are: 

.1. To provide a spatial and temporal description of bottom sediment 
transport, 

2. . To develop estimates .of bottom sediment flux related to high 
energy events such as storms and tides, 

3, To relate the magnitude of bedshear to the initiation of bottom 
sediment movement for each sedimentary environment. 

4. To provide detailed descriptions of seafloor physiography and 
surface sediment qharacteristics in selected areas of observation, 

5. To describe changes in the surface character of the seafloor over 
relatively long duration (at least one month). 
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VI. General Strategy and Approach: 

Our research focuse·s on the transport of bottom and near bottom 
materials ir the sedimentary environments that have been previously 
descrjbed by Bouma and Hampton (RU 327) . The fielcl program was 
designed in consultation with Bouma and Hampto~ to provide detailed 
measurements of physical and sedimentological parameters in the 
area of large sand waves (about 5 m heights) for a short time period 
(several days). 

Two Geoprobes, one of which was constructed under OCSEAP funding 
from F.Y. 78, were deployed in the large bed form area. This ex
periment was intended to gather data. on the very near bottom trans
port during strong flood and ebb tides. 

A second part of the experiment was to deploy one Geoprobe for a 
longer duration (about 2 months) in an area of lower bed forms (about 
0.5 meter heights) to measure their response to storm conditions. 
Cacchione and Drake were to serve as Co-chief-Scientists during 
the launch and recovery cruises, with Bouma and Hampton participating 
during each phase. 

A. Sampling Methods1 

The primary method in this work is the deployment of two Geoprobe 
tripods at sites shown in Figure 1 (area A) during the July 1978 cruise 
on R/V SEA SOUNDER. The plan for the July cruise was to deploy two 
tripods on a large sand wave (wave height about 5 m, wave length about 
500 m) in central Lower Cook Inlet. These data wi-ll be used to 
assess the short term transport of bottom materials during several 
tidol cycle. 

The redeployment of one Geoprobe (area B in Figure 1) at a shallower 
site that-has smaller bed features (sand waves of about l/2 m height) 
will provide longer term data on bed mobilization during spring and 
neap tidal cycles and possibly storm periods, This tripod will be 
recovered during F.Y. 79 (October) using R/V SEA SOUNDER. 

At each Geoprobe site, we conducted a detailed geological and geo
physical sampling program using equipment on R/V SEA SOUNDER. This 
site survey will be redone during the October recovery cruise. The 
site survey measurements will include 3.5 kHz and 12 kHz seismic 
profiling, side-scan sonar profiling, bottom photography with TV, 
light transmission - CTD - current meter profiling, and suspended 
and bottom sediment sampling. 

B. Analytical Methods: 

Geoprobe tripod data is available in two forms: digital data on 
a special cassette tape and 35 mm bottom photographs. The digital 
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cassette tapes have been transcribed onto 7·inch computer tapes 
at PMEL with the assistance of D, Halpern and P. Freitag, The 
7-track tapeswere then rewritten on to 9-track tapes and stored 
at USGS, Menlo Park. In the near future, we hope to have our Sea 
Data cassette reader, procured under previous OCSEAP funding, 
installed.and operational at our new Sediment Dynamics Laboratory, 
USGS, Menlo Park. 

The digital data on the Sea Data cassette tapes includes measurements 
taken with the following sensorsr 4 electromagnetic current meters, 
one rotor-vane current meter, 2 temperature probes, one pressure 
transducer, and a light transmissoneter·and nephelometer. The 
following table outlines the calibration procedures for each of these: 

Sensor (Vendor) 

E-M current meters 
(Marsh-McBirney, Inc.) 

Nephelometer /transmis
SOllleter 

(Montedoro-Whitney Corp.) 

Pressure transducer 
(Paroscientific) 

Temperature (thermistor) 
(Yellow Springs ,Inst. Co.) 

Rotor-vane 
(Bendix). 

Method 

Calibrated over a range of 0 - 60 em/sec 
in a recirculating water fiume at Stanford 
University ppior- to and after each ex
periment. The reference speed is obtained 
by (1) laser- velocimeter, (2} pitot tube, 
(3) stop watch and neutrally buoyant floats. 
A short note is being prepared on this 
calibration procedure. 

Calibrated prior to and after each experiment 
in clear water and in water of carefully 
measured suspended sediment concentrations 
at constant temperature. Also checked for 
temperature dependence. Suspended sediment 
is usually material taken with cores at or 
n~ar the experimental area. 

Calibrated at the factory at :8 points. 
Checked at USGS at atmospheric and at 25 ern 
water pressures, 

Probes are calibrated at USGS using a con
trolled temperature bath, accurate to about 
o.os0 c, with a laboratory grade thermometer. 

No dynamic calibration other than bench check
out of vane direction and rotor spin rate 
(compared to factory calibration} . This 
check-out is done prior to each experiment. 

A general estimate of the overall performance of each instrument will 
be given in the final report and in publicatio~that result from this 
and previous work under RU 430, 

Water samples are collected for suspended particulate matter analysis 
with 7-liter Van Dorn bottles. One liter aliquots are immediately 
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drawn and filtered on board ship through preweighed 47 rnm, 0.4 mm 
pore size Nuclepore polycarbonate filters, All samples are rinsed with 
50 ml distilled water and placed in sealed plastic Petri dishes, The 
filters are weighed before and after collection on a Cahn model 4700 
electrobalance, 

The Martek transmissometer used on R/V SEA SOUNDER measures verticar 
profiles of light transmission (% transmission) and temperature. 

The transmission measurements are converted to concentration of 
suspended materials by comparison with the suspended sed~ment con-· 
centration values obtained nearly concurrently with the profiling. 
This technique, although of low accuracy (about +20% of measured values), 
gives good data on relative vertical changes. 

VII. Deliverable Products: 

A. Narrative reports will be completed that ~escribe field methods and 
instrumentation, analytical methods, background information, and results 
based on work done under this research unit. 

B. Visual data 1 We intend to submit maps and figures that show bottom 
sediment dynamics events, including sediment flux for preselected time 
periods and during high energy events. 

VIII. Special Sample and Voucher Speciment Archival Plans: None 

IX. Logistics Requirements: None 

X. Anticipated Problems: None 

XI. Information Required from Other Investigators; 

A. Bouma/Hampton: We will utilize the data, as required, collected 
by Bouma and Hampton to aid our interpretation and analysis. We are 
worklng closely with them on this project. 

B. PMEL (Charnell, Muench): We will need the current meter data 
taken by PMEL researchers at sites near our Geoprobe locations (Figure 1). 
We have already contacted the PMEL group (Muench) regarding this need, 
they are very cooperative. 

XII. Activity/Milestone Chart: See attached, 

XIII. Outlook: 

This year is final close-out for our work in Lower Cook Inlet, A final 
reP0rt will be submitted within F,Y. 79. We propose in a companion 
proposal to initiate a small effort on the Kodiak shelf, 
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XIV. 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 1 Annual Reports by April 1. The Final Report 
will be submitted within 90 days of the termination of the 
contract. 

3. Where biota are conce~ed, 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 PI is prepared to travel 
to the Project Office at least twice during the contract year to 
review project status ~1d progress. Such reviews will be 
scheduled on dat~s 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. Within 10 days of the·completion of a cruise or data gathering 
effort, a ROSCOP data collection inventory form (NOAA24-23) 
will be submitted to the Project Data Manager. 

7. Title for all property purchased with OCSEAP funds remains with 
the u.s. C~vernment pending disposition at contract termination. 

8. Three (3) copies qf 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 (6) 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 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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Data Prod~cts Scheclu1e 

RU 430 - Cacchione/Drake, FY 79 (Cook Inlet) 

Data Type 
(ie. Intert"ida1, 
Benthic Organisms, 
etc.) 

Grain size 
analysis 

GEOPROBE data 

Tir-e series 
analysis of 
GEOPROBE data 

. 
Bed shear 
p::::'ofiles 

Sediment flux 
values for 
GEOPROBE sites 

Hedia 
(Cards, cod
ing sheets, 
ta~es, disks) 

Cards 

Tables & 
Graphic 

Tables &: 
graphic 

Graphic 

Tables &: 
graphic 

Estimated 
Volume 
(Volume of 
processed data) 

10 spls 

OCSEAP 
Format 
(If known) 

073 

*Graig McHendrie 

Processing and 
Formating done 
by PI 
(Yes or No) 

Yes* 
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Period Sub:nission 

(Month/Year to ~tonth/Year) (Nonth/Year 

Aug 1978 Aprill979 

Aug-Oct 1978 Jan 1979 

Aug-Oct 1978 April 197S 

Aug-Oct 1978 April 197S 
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RFx41-430-2556 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental 
Assessment Program 
Bering Sea-Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

TO Rudolf J. Engelmann, Director 
OCSEAP - Alaska Program Office, Boulder 

THUR Kay _.Jentsc;h, Contract's 
OCSEAP ·_Alaska Program Office, Boulder 

-·. ;~ _,../ 

FROM HhiE;ft Ji.t~E(,,)tanager 
OCS.EAP - Juneau Project Office 

SUBJ OCSEAP Research Unit 430. 

REFS (1) Juneau Project Office Ltr to Drs. Cacchione and Drake requesting 
renewal proposal dated May 22, 1978 (enclosed). 
(2) Original Proposal dated June 27, 1978 (enclosed). 
(3) Copy of project office internal comments on proposal (enclosed) 
(4) Juneau Project Office Ltr to Drs. Cacchione and Drake, requesting 
revision to proposal dated October 26, 1978 (enclosed) -· 
(5) Revised renewal proposal, dated February 2, 1979 (enclosed). 

Required Acceptance Letter for RU 430 
Drs. Cacchione and Drake 

The enclosed revised FY 79 renewal proposal for RU 430, entitled "Bottom 
and Near-Bottom Sediment Dynamics in Lo>ver Cook Inlet", has been revie~ed 
by the Juneau Project Office and judged acceptable at the funding level of 
$24,750, (includes $2,250 for USGS overhead@ 10%. Please send an acceptance 
letter to Drs. Cacchione and Drake and initiate funding procedures for 
this amount. 

Enclosures: refs 1 - 5 (above) 
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To: Outer Continental Shelf Environmental 
Assessment Program 

Bering Sea - Gulf of Alaska Project 
Office 

P.O. Box 1808 
Juneau, Alaska 99802 

FY 1979 RENEWAL PROPOSAL 

Research Unit Number 435 

Proposal Date: September 1978 

Contract #: 03-6-022-35249 

NOAA Project /1: 

Institution ID#: 95-1958142 

TITLE: MODELING OF TIDES AND CIRCULATIONS OF THE BERING SEA (PHASE III) 

Cost of Proposal: Lease Areas: St. George-Bristol Bay 10% 
Norton Sound 90% 

Period of Proposal: October 1, 1978 through September 30, 1979 

PRINCIPAL INVESTIGATORS: 

Name Date '$,:1~/d, /fi.Z<p 

Signature ~ 

Address t71700 Main St., Santa Monica 90406 

Telephone (213) 393-0411, Ext. 523 

~::-LJ /,• L Signature ~-? ., 

Address 1700 Main St., Santa Monica 90406 

Telephone (213) 393-0411, Ext. 7882 

INSTITUTION: 

The Rand Corporation 

ORG.~IZATION APPROVAL: 

Name ~Ji S. King, Jr. 

Signatur · .: ' ---..., 
~~~ __ , _________ _ 

Position~ · 

Santa Monica 

Telephone~l3) 393-0411, Ext. 251 
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(3) TECHNICAL PROPOSAL 

I. Title: MODELING OF TIDES AND CIRCULATIONS OF THE BERING SEA 
(PHASE III) 

Research Unit Number: 435 
Contract Numher: 03-6-022-35249 
Proposed Dates of Contract: October 1, 1978 through September 

30, 1979 

II. Principal Investigators 

Jan J. Leendertse 
Shiao-Kung Liu 

III. Cost of Proposal 

A. Science 

B. Logistics 

C. Total 

FY1979 

D. Distribution of Effort by Lease Area 

10% St. George-BristoJ Bay lease area 

90% Norton Sound lease area 

IV. Background 

(a) Progress up to time of proposal submittal 

In Phase I of the study, which was performed in the period of 
September 1, 1976- September 30, 1977, two three-dimensional 
models were set up, a model of Bristol Bay and a Norton Sound 
model. These models are finite difference models based upon 
model developments sponsored by the Office of Water Research 
and Technology of the U.S. Department of the Interior. 

The main fluid flow processes are computed on a three-dimensional 
grid system. On this grid system two momentum balance equations 
are computed, as well as balance equations for salinity and 
temperature, equations representing the conservation of the fluid 
mass and an equation of state. Since fluid motions occur in 
scales much smaller than the finite distances we are using in the 
grid representation, the model formulation contains subgridscale 
mass and momentum exchanges. 
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Because of the rather complicated open boundary conditions of 
the model, we needed to modify the available program to allow 
for interpolation of data between given boundary points. We 
also introduced a method for computing the vertical exchange 
coefficients based upon turbulence theory and we prepared 
programs for graphical representation of results. At the end 

·.of Phase I the models wer·e becoming operational. The first 
experimental results are reported in WN-9987-NOAA, "The Bristol 
Bay and Norton Sound Models--A Progress Report." 

. . . 

In the second phase of the study, now underway, we started 
experiments based upon field data, and we extended the capa
bilities ·of graphical representation of results. 

The field data of Bristol Bay, analyzed by PMEL, indicated 
interesting vertical salinity and density and current structures 
which were not completely understood. 

In order to assist in the analysis, the vertical resolution of 
the model was increased to a maximum of 15 layers. Simultaneously, 
the· alignment of the Bristol Bay model was changed to make better 
use of the available field data. 

Since one of the main features of the model is that the turbulence 
intensity is modeled, we obtained considerable insight into the 
main processes. Turbulence generated at the bottom disperses 
upward; turbulence generated at the surface by wind disperses 
downward. The v~rtical momentum and mass exchanges are depen~ 
dent on the turbulence intensity and the Richardson number. A 
description of the model giving its characteristics is presented 
in Appendix A; 

Presently we are adjusting the parameters of the turbulence 
model, which naturally also have an effect upon computed tides. 
In Appendix B results of a simulation are presented and compari
sons g~ven between observed and computed tidal charts, The 
agreement is already good. 
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(b) Relation to other studies 

In general, it can be said that the purpose of a model is 
its.use as an aid in explaining or understanding a system 
and/or as a tool of prediction. In the present state of the 
research we are adjusting the model, and the research contributes 
considerably to explaining and understanding the fluid flow 
system in Bristol Bay. From the model results it is possible to 
determine exchanges, rates, etc, which cannot be measured 
directly, thus the project contributes considerably to the 
analysis of the physical processes in the considered areas. 
This contribution will likely increase during experimentation, 
for example, effects of winds can be separated from t:!.dal 
effects. 

The field investigations are the basis of our modeling work, as 
they provide boundary and initial values, and the data obtained 
from PMEL are highly valued. In addition, field data is used to 
adjust and verify the models. 

As model data and field data are in many -respects complementary, 
and this data is now becoming available for analysis, His not 
surprising that PMEL oceanographic studies and Rand modeling 
work are becoming increasingly better coordinated. 

(c) Relation of previous work __ to proposed work 

The proposed work is a direct conU.nuation of present ongo:lng 
modeling investigations. At the end of the present contract 
(September 1978) we expect that the Bristol Bay model ~oill be 
adjusted and that some responses of currents and •!ater levels 
to wind field will be determined. 

In the proposed research effort the modeling work will be 
extended toward development and application of prediction 
techniques based upon model results, and the continuation of 
model experimentation in support of the analysis of the physical 
oceanography of the considered areas. 
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V. Objectives 

(a) Long-range Objectives 

The long-range objectives of the modeling studies are: 

(1) To provide data for the Outer Continental Shelf Petroleum 
Development of the Bristol Bay area and the Norton Sound 
area from which the.main physical processes can be 
determined which are important for determining impacts 
and risk of oil extracting and processing facilities. 

(2) To provide a method for estimating the time-varying 
location of contaminants released in the Bristol Bay and 
Norton Sound areas. The data generated by this method 
are intended to be used for pollution event counter
measures. 

(b) Objectives of the Proposed Study in the 1979 fiscal year 
· (Phase III) 

To accomplish the above-mentioned long-range objectives, the 
proposed study for FY1979 will have the following objectives 
for the Norton Sound area: 

(1) Adjust and verify the three-dimensional simulation model 
for summer conditions on the basis of data collected in 
FY1978 (June-July 1978). 

(2) Develop ice movement model and incorporate ice movement 
model and fixed icefield representation into three-dimensional 
simulation model and adjust and verify the combined model on 
available data. 

(3) Develop current and water level responses to wind fields. 

(4) Develop and verify trajectory prediction model. 

·The proposed study for FY1979 will have the following objectives 
for the Bristol Bay area: 

(1) Determine additional current in water level responses to 
wind fields. 

(2) Document and report on the experiments with the Bristol Bay 
area model. The report will include the verification of 
the model. 
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VI. Strategy and Approach 

(a) Research and Development Work 

t 
ot(Wv) 

* 

1. Ice Model 

+ 

=-

The mathematical model the investigators intend to use to 
compute the response of the ice cover to driving forces 
is based upon consideration of the change in momentum in 
.the horizontal plane by the wind stress at the upper 
surface, the stress at the ice-water interface, Coriolis 
force, internal ice stresses and the sea surface tilt. 

· Initially we intend to neglect the internal stresses on 
the.basis that the ice contains fractures and cannot 
support stresses. The momentum equation for the ice can 
then be written in finite differ.ence form.* 

(1) (2) (3) (4) 

(5) (6) (7) (8) 

[ * 2 1/1 - (E o -2t) o (HA o ) + o {HxA xY o ) ] C p W sin + -x a a X ZU k=3/2 XI X X 1- Yj y y ~-p 

at i~-1. j, 1, n 

(1) (2) (3) (4) 

ox(HXu\;x) (\(-w/vr) flfl7Y - 1 woP 
-::Y X p 

(5) (6) (8) 

+ l_ [c*p w2 
cos 1/1- (E o ~2t) 

-y aa yz I p k=3 2 
o (HA o v) J y y y ... 

where H local ice thickness 
u = ice velocity in x direction 
v ice velocity in y direction 

.c* wind stress coefficient 
Pa density of air 

p density of ice 
Wa wind speed 

1/1 wind angle from the y coordinate 
f Coriolis force term 

at i, j~-1. 1, n 

Our model formulation is based upon consideration of finite distances, 
consequently we are writing directly in the finite difference form .. 
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In these momentum equations we have on the left side of 
the equal sign the change in momentum. The first two 
terms on the right are the advection terms, the third term 
is the Coriolis force term, the fourth term the pressure 
term, and the fifth the wind stress term. 

The sixth term represents the momentum transfer to the 
flowing water underneath the ice, and the last two terms 
give a rough approximation of shear. 

With the last two terms we are able to couple part of the 
ice field to land by use of very high horizontal momentum 
exchange terms or represent a certain area with unbroken 
thick ice coverage. In the latter case we have then 
assumed that in these areas the ice does not elastically 
or plastically reform. 

Conform the bottom stress of a fluid flow model, and the 
momentum exchange coefficient at the bottom of the ice 
can be expressed: 

E 
y 

at i-P-::~, j; 1, n 

The formulation of the flow, as presented in Appendix A, 
has now to be changed if computations together with .the 
ice are made. The changes are only in the top \vater layer, 
which now becomes layer 2. The wind stress at the top is 
now replaced by the stress of the ice moving relative to 
the water as described above. Also, the pressure gradient 
computation has now to account for the ice on the surface. 

In the subgridscale energy equation, the generation of the 
energy in the upper water layer is now caused by the dif
ferential velocity of water and ice. 

By constructing the ice model in much the same way as the 
representation of the fluid, we expect to reduce the 
programming effort considerably and also prevent many of 
the stability problems inherent in this type of numerical 
simulation. 

During the development effort we intend to obtain estimates 
of the errors induced in the above-described model due to 
the omission of the internal deformations of the ice. 
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In our modeling effort we will direct our attention to 
modeling the fluid flow from which these transports of 
pollutants can be derived. This will be in contrast with 
modeling efforts in the AIDJEX project, which were directed 
toward behavior of the ice fields. From a cursory review 
of work performed in the above-mentioned scientific project, 
we have the impression that incorporation of deformation of 
the ice field due to stresses in the simulation would 
result in a more complete ice behavior model than was 
developed in AIDJEX. 

2. Development of Trajectory Model 

From model experiments with the Bristol Bay model with tides 
and with winds of certain directions and intensities, and 
from the same experiments without wind, it will be possible 
to find the time-varying responses due to wind alone for the 
top layer of the model. These responses are obtained by 
subtracting the time-varying velocities of the simulation 
without wind from the one with wind. We intend to use a 
constant wind field with a duration of 12 hours, running 
the simulations until the effect of wind has disappeared 
after the wind effect has been turned off. 

Once we have determined the responses to wind fields of 
different intensities and directions, we are able to esti
mate the velocities of that layer for other directions at 
particular points in the field for winds of longer durations 
and other intensities by the use of convolution. We will be 
making the assumption that a Tinear relation exists between 
the square of the wind velocity and the speed of the current. 

From the simulations with and without wind we will store on 
disk the hourly value of the current components at each point 
of the grid (or every other point in each 'direction). The 
estimate of a velocity caused by the square of the wind 
velocity component is then obtained by adding the i.ndividual 
responses for each 12-hour period, as sho>vn in Fig. VI.l. 
Each wind component causes responses in the flow field in 
t\..ro directions (E-1\1 and ~~-S). By combining the current 
components we are able to construct the velocity history at 
the point under consideration. 

The computational procedures are simple and fast, as only 
additions anq multiplications are involved. 

Computation of the flow field under the influence of the 
tide alone ••ill establish the tide-generated residual 
currents. These results, together with the results of con
volution, permit computation of the movements in the top 
layer, which should be comparable \>'ith the movements of a 
drogue without the effect of the tidal excursions. 

To compute the movement of a surface pollutant, we need to 
compute the surface speed in relation to the .movement of the 
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top layers. We will investigate two approaches, namely, 
(1) using a response function approach as described above 
for the movement of the top layer, except that here the 
relative movement of the layer is computed by an exponential 
extrapolation of the response of the three top layers in the 
three-dimensional model;. and (2) alternatively~ a model based 
upon a simple analytical model relating 'lvind speed and. direc
tion to the relative movement of water surface particles. 
During the investigation the choice of method will be made. 

It is planned that at the end of FY.79 a trajectory computation 
model for surface pollutants will be available of the Norton 
Sound area which can be used on a computer with limited 
capacity. 

Basefl upon the ·same principle·, a trajectory model can be 
developed for a suspended particle. This would be of par
ticular interest in case of ice cover. 

3. Adjustment and Verification of the Norton Sound Hodel 

For the studies of the Norton Sound area, it is assumed that 
bottom pressure data will become available at the boundar:l.es 
of the model in the beginning of 1979. These data will be 
collected this summer (1978). 

These data will be the inputs for the model adjustment and 
verification experiments. It is planned that at the end of 
FY79 the Norton Sound model will he~ verified as to tide and 
wind and density effects. 

As a result of the insight obtained into the physical 
processes by the modeling work for Bristol Bay and the 

'field studies by PMEL, it is planned to modify the model in 
one particular aspect. As described in Appendix A, we have 
been using a functional relationsh:i.p between the vertical 
exchange coefficients for mass, heat and momentum exchanges 
and the Richardson number according to the expressions 
introduced by Mamajev. It now appears that the simulations 
provide in principle suffic:lent information to also compute 
this' relationship by considering the loss of turbulent 
energy (subgridscale energy) by the work done in mixing 
the heavier lower layers with the lighter upper layers. 
This modification is not very extensive. 

(b) Progress Control 

Every fourteen·days the principal investigators receive extended 
budget information as to expenditures over the last fourteen days 
and.on the project as a whole up to that date. Comparisons are 
also given with the planned expenditures. Very detailed informa
tion is also provided fortnightly on computer expenditures as to 
computation times, log-ons, and terminal times of all personnel 
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involved. Generally speaking, very detailed budget control infor
mation is available to the principal inve~tigators. We also 
graph the progress of expenditures. 

VII. Deliverable Products 

B. Narrative Reports 

We intend to publish the results of the Bristol Bay study as a 
Rand Report entitled, A Three-Dimensional Model for Estuaries 
and Coastal Seas: Vol. VI, Bristol Bay SitrP.1.lation. The report 
will be the sixth volume of a report series on the development 
of a three-dimensional model in which the authors intend to show 
the accuracy and capabilities of their mo~~~ developments. The 
report will show the. general circulation computed with the model, 
the computed vertical and horizontal water movements, and compari
sons with field data. 

Near the end of the project period we plan to report the research 
and development results of the Norton Sound studies in a Working 
Note to disseminate the study results in NOAA. 

C. Visual Data 

The computer programs which are used in this research are 
producing graphical representations of flow and density fields, 
etc. on microfilm. Enlargements of maps produced in this manner, 
such as shown in Appendix B, can be enlarged to appropriate scales 
on Hylar to conform with OCSEAP standardized reporting procedures. 
Before sue~ maps are produced we will consult the Project Office. 

· VIII. Archival Plans: (None) 

IX. Logistics Requirements: (None) 
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X. Anticipated Problems 

The complexity of the coupled ice flow model will cause a major 
programming problem which will require considerable time for de
bugging. However, the complexity is not considered greater than the 
subgridscale energy model. In our budget estimates we have made 
considerable allocations for this phase of the development effort. 

As presently conceived, the ice retains its thickness over the period 
of simulation. Since the ice is advected, with the formulation 
described earlier, we do not exactly maintain its mass. We will make 
an assessment of the errors caused by this, and if they appear of 
significance then we will consider introducing a variable thickness 
and use of a conservation equation for the ice mass. 

A major problem we expect in the simulations of Norton Sound is 
instabilities in the computation near the boundary. These instabili
ties occur when the boundaries are ill-posed by our interpretation 
of the field data, or by the assumptions we make if such data is not 
available from the field data collection program. 

If such conditions occur, the cause has to be analyzed and boundary 
modifications have to be made. This process can be time~consuming, 
costly and frustrating! 

Of concern are boundary data for the adjustment and verification of 
the coupled ice-flow model of Norton Sound.. Presently we do not 
have a good overview of data availability, but we intend to pursue 
that matter following the OCSEAP project meeting in mid-October. 

The development of the coupled ice-flow model is considered by the 
investigators to be a research effort of considerable difficulty. 
He are far at the frontiers in simulating these complex geophysical 
fluid dynamics processes. The proposal is based upon our best 
estimates, extrapolated from similar efforts in preceding years in 
our long career of model building. 
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XI. Information Required from Other Investigators 

For the Norton Sound model pressure data will be collected by 
PMEL for a period of not less than 14 days at the following 
stations: 

Station 
Number Latitude Longitude 

Nl 62"30'N 166"07'W 

N2 63"12'N 168"35'W 

N3 64"00'N 168"00'W 

N4 64"46'N 166°50'W 

This field work and the analysis thereof has been coordinated 
with Dr. Charnell. Since we have used with success similar data 
from PMEL in the model investigations of Bristol Bay, we do not 
expect any difficulties in the use of this data. 

In the model adjustment we expect also to use extensively current 
and density data already collected and readily available at PMEL. 

We will require similar data for winter conditions. The data 
requirements will be discussed at the OCSEAP project meeting in 
October 1978. 
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XIII. Outlook 

At the end of the fourth phase of the study to be performed in 
FY1980 we plan to have developed, tested and evaluated an effective 
and rapid way to determine oil spill pathways in the Bristol Bay 
and Norton Sound areas. Reports describing the models, the experi
ments and comparisons with field data will be prepared. Documenta
tion of the computer programs will be prepared. 

In the fourth phase of the study we plan to finish the wind 
response with the model of Norton Sound under ice conditions. 
Subsequently we plan to compute general circulations in Norton 
Sound and Bristol Bay, around December 1979. In the beginning of 
1980 we plan to make the trajectory program evaluations for both 
areas, with the trajectories to be computed on the basis of wind. 
response, general circulation and spread of pollutants. This 
work should be finished mid-summer 1980, with the remainder of 
that project year to be used for documentation and report writing. 

The cost of the fourth pnase is estimated at $120,000. The total 
cost over FY1978, 1979 and 1980 would then be $454,770. This is 
$77,920 above our estimate in August due to the increased effort 
by incorporation of ice in the project in th:i.s proposal. 

We do not yet know if additional field efforts will be requ:i.r.ed 
for the adjustment of the coupled ice-flow model. For the 
adjustment of the Norton Sound model without ice we expect that 
the data which are presently being collected will be sufficient. 
There are no logistics requirements. 
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XIV. Standard Statements 

The following standard statements are included in this proposal: 

1. Updated milestone charts will be submitted quarterly. A 
schedule for processing and analysis of past year's data will 
be submitted to the Project Office upon request. 

2. Quarterly reports will be submitted to the appropriate Project 
Office during the contract year to be in OCSEAP hands by the 
first day of ·January, July, and October. Annual Reports are 
due by April 1. The Final Report will be submitted within 90 
days after the expiration of the contract. 

3. At the option of OCSEAP, the PI is prepared to travel to the 
Project Office at least twice during the contract year. to 
review PfOject status and progress. Such reviews will be 
scheduled on dates mutually satisfactory to both parties. In 
addition, the PI may be requested to participate in program 
review or synthesis meetings as required. It is understood 
that costs of the travel and per diem for these trips will be 
borne by OCSEAP. 

4. Three (3) copies of all manuscripts for publication or presen
tation which pertain to technical or scientific material 
developed under OCSEAP funds, will be submitted to the appropri
ate Project Office at least sixty (60) days prior to release, 
for information and for forwarding to BLM. The release of such 
material within a period of less than sixty days will be made 
only with prior written consent of the Project Office. News 
releases will first be cleared with the appropriate Project 
Office. Five copies of all reprints which pertain to tech
nical or scientific material developed under OCSEAP funds will 
be submitted to the appropriate Project Office when they become 
available. 

5. 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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Appendix A 

METHOD OF COMPUTATION OF THE THREE-DIMENSIONAL MODEL USED FOR THE 

BRISTOL BAY AND NORTON SOUND MODELS 

The finite difference equations used in the models are very similar 

to those described in Refs. 1 and 2. In addition to salinity and 

temperature, constiuents and SGS energy are now also computed. If one 

constituent is computed, then the model simultaneously solves seven partial 

differential equations together with an equation of state for various 

complicated boundary conditions. 

· The expressions for the equations of momentum and mass balance 
• 

have been changed from those described in Refs. 1 and 2, but their 

location on the grid is unchanged (Fig. 1). The terms with the vertical 

exchange coefficients are now computed implicitly rather than explicitly. 

Consequently, all concentrations, momentum components and SGS energy 

values are computed simultaneously for each series of points in a 

vertical. This computation method eliminated stability conditions related 

to the value of the exchange coefficients. 

The continuity equation, the mass~ momentum and SGS energy balance 

equations for the interior of the water body and the equation of state 

are: 

~ t ""- L f
1

o..,('i?u) + 6 (i?'v)l 
k .... y I at 1, j, n (1) 

~ t 

6 fl?-rY6 J J Y( y y L at 1 + ~. j, k, n 

(2) 
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at i, j + ~. k, n 

(3) 

at i, j, k, n (4) 

at i, j, k, n (S) 

-c$-t(-h-e)--t-t • - ~ (~u7) - o (hfv7) - hO (w-;z) 
X y Z 

+ o llh(n o ell + o !wn o e)! + ho !E o ; 2
t)l 

X ~X _ y
1 

y y _ z 1 e Z 

+ S- Dh at 1, j, K, n (6) 

+ 6 l~ c P l + o lwn o P l1 + ho !Kc ?2
t 11 -+ sP 

xl ~ x I y{ y Y - z\ z 

at i, ~.I., n {7) 
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p .. [s890 + 38T - o. 375T2 + 3s] j [ ~779 .5 + 11.25T - 0.0745T
2
) 

- {3.8 + O.OlT)s + 0.698(5890 + 38T- 0.375T
2 + 3s)) 

at _1, j, k, n + 1 (8) 

The finite-differen~e equation used to compute the vertical velocities 

is 

(9) 

This equation gives directly the velocities by starting the computation 

at the bottom layer (K). At the bottom the velocity is zero, thus the 

velocity between the bottom layer and the layer above can be computed. 

This velocity (at K - ~) in turn can be used for the application ~f Eq. 

(9) and K - 1. 

The horizontal pressure gradients in the top layer are: 

at i + ~. j, 1, n + 1 (10) 

~ p + gpi 0 l:; + ~ h'Y 0 p y y y at i, j + ~. 1, n + 1 (11) 

Once these pressure gradients are knoi\'Il, then the gradients for the 

other layers are computed with increasing k by use of 

o co· p) 
Z X 

·-z 
= go P 

X 

o (o p) .; go ? 
%. y y 

at i + ~. j, k + ~. n + 1 

at i~ j + ~. k + ~. n + 1 

':'~IE EQUATIONS FOR THE TOP AND BOTTOM LAYERS 

(12) 

(13) 

In the top layer, the momentum equations now contain the effect of 

the surface wind, and the equations are now written 
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--x 
.. - 6 (i\"u ~) 

X 

--x 
6 (i?"v 'i?') - h"t. ('i?\7') + fi?V'Y - !_ h"6 p 
y Z · '? X 

+- C p w sin 1/J-1 [ * 2 
-x a a 
j) 

(E_o ;;
2t) + 6 

1
fhA_o ul + 6 fh:xA >:Yo u! ] 

- Z ~=3/2 X ~ X J- Y \ 1f y I-

at 1.+ ~. j, 1, n ' (14) 

':""X y -x -;::":/ y -v --"' -z---v 1 
6 (h u. v)- 6 (h v v•)- hJ6 (v wJ)- £h1"UXY--- hYo p 

X y Z .. pi y 

6 {lhYAYxo vjl + 6 
1
1hA 6 ) ] 

X :t: X _ y /! y l-

at" i, j + ~. 1, n (15) 

where C* wind coefficient 

Pa = density of air 

w = wind speed 

If it is assumed that no mass and temperature exchanges occur nt the 

surface, then Eqs. (4), (5) and (8) are also applicable if the vertical 

exchange term is set to zero. Equation (6) is also valid for the sub

gridscale energy if no wind is present. If wind is present, then the 

subgridscale energy level is maintained by use of a special equation, 

which will be described later. 

At the bottom layer, the momentum equations become: 

at 1 + ~. j, K, n (16) 
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at 1, j + Is, K, n (17) 

At the bottom no sources or sinks exist for constituents and 

temperature, thus Eqs. (4), (5) and (7) are valid, provided that the 

exchange terms at the bottom are set to zero. The subgridscale energy 

is·not diffused out of the bottom layer, thus the vertical energy exchange 

coefficient can be set locally zero. However, SGS energy is generated at 

'the bottom, as will be described Jater. 

\~RTICAL EXCHANGE COEFFICIENTS 

For the vertical exchange coefficients in the model we make use of 

concepts independently introduced by Kolmogorov [3] and Prandtl [4]. 

According to these hypotheses, the turbulent eddy viscosity (£) in a 

·homogeneous fluid is directly related to the local energy: 

£ = (18) 

where e is the kinetic energy per unit mass associated with turbulent 

fluctuations and L is a length scale. 

In the model, the turbulent energy, thus the energy which is not 

represented by the computed (mean) flows in the grid system, is computed 

as a constituent (SGS energy). Consequently, the eddy viscosity can be 

computed by use of Eq. (18), provided that we have values for the length 

scale. 

If vertical density differences exist, the exchange terms also become 

a function of the turbulent Richardson number (Ri). Consequently, we can 

write for the vertical momentum exchange coefficient: 

E Lie' f (Ri) (19) 
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The turbulent Richardson number is expressed as 

Ri (20) 

where p = density of the fluid. 

In the finite difference model, the exchange coefficients can be 

expressed in many different ways. We are using a space staggered grid, 

with the pressure, salinity, temperature and SGS energy computedat 

integer values (i,j,k) of the orthogonal grid (Fig. 1). The momentum 

exchange coefficients are located at the interface of two layers between 

two horizontal velocities, as indicated in Fig. 2. As the locations at 

which the SGS energies are computed do not coincide with the location 

of the momentum exchange coefficients, averages of energy values at 

adjacent points have to be used. The expression for the vertical exchange 

coefficient in the momentum equation in X direction is: 

(21) 

The exponential term in this equation describes the Richardson number 

dependency. It will be noted that the energy and the length scale are 

introduced in order to avoid the use of mean velocity data. The latter 

would not reflect the intensity of turbulence, as we are dealing with 

nonsteady flow. 

No negative sign appears in the experimental terms as the Z axis is 

taken positive upward. The SGS energy is used at a lower time level than 

the other terms in the equation. This appeared to be necessary for 

stability. Similarly, the expression for the. vertical exchange in the 

momentum equation in the Y direction is: 

--yz [ 
E = pYZ Lfe exp m _8__ 
y -p;rz (22) 

where m a constant. 
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The mass exchange coefficients are computed at a different location, 

namely, at the layer interface between the points where the concentrations 

are computed, as shown in Fig. 3. 

Consequently, the expression for the mass-exchange coefficient is 

somewhat different than the momentum exchange coefficients. In the 

model we are using: 

where r = a constant. 

0 p J cr:)2 ~ 
e 

(23) 

A factor a
4 

appears in this formula, as the mass exchange is not the 

same as the momentum exchange. 

The subgridscale energy is transported in a similar manner as the 

transport of constituents, thus the energy exchange coefficient can be 

written in the same form as the mass exchange. 

E 
e [ -z

ozpJ 
exp m ~ (i7·) 2 

P e 
(24) 

For the length scale L which appears in all the exchange coef

ficients, half the layer thickness is taken, on the assumption that 

motions larger than the layer thickness would be computed as the mea~ 

flow. At the bottom and the top layer we use the usual expression for 

the mixing length: 

L 
k 

k' z(l - z/d) 2 (2S) 

The application of this expression to the other layers appears to 

give much too large vertical momentum transports. 

In the model .this len'gth scale is determined at the pressure points'· 

namely, at i, j, k. 
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GE~~RATION AND DISSIPATION OF SUBGRIDSCALE ENERGY 

In the interior of the fluid in our model, it is assumed that the 

interlayer shear generates the subgridscale energy. This source can be 

expressed as: 

where u = mean velocity 

E: = Lt'e. 

(

- 2 

S = E ~~) (26) 

In the model this source is determined at the interface between the 

layers at i, j, k + ~. 

at I, J, k + J/2, " (27) 

It w·ill be noted that only the energy is computed at the lower time 

level. This was necessary for stability of the computation. 

The energy generated at this location is assumed to be distributed 

equally into the adjacent layers. 

In the bottom layer another source exists. It is assumed that energy 

which is taken out of the mean flow through the bottom stress immediately 

enters the subgridscale energy system. 

The stress term in the momentum equation in the direction of the 

mean flow is 

p 
(28) T 

- = 

where U = velocity in bottom layer in the direction of flow. 

If this term is multiplied by U, we obtain the energy which is taken 

out of the mean flow system and the local source (S) for the subgridscale 

energy. 

s (29) 
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In the model, the subgridscale energy generation is computed at the 

layer interfaces and the local finite difference source term becomes 

s"" gr(~)2+ (?')2]3/2/ c2. 

at is j, K + ~. n 

The energy is completely introduced in the layer K. 

(30) 

At the· water surface the generation of the subgridscale energy is 

different. Here the energy source is the wind which generates surface 

waves, and through these w~ves~ turbulence. Wave and swell conditions 

depend on wind intensity, duration of the wind and the fetch. In the 

test cases a fully-developed sea under moderate wind speed was used as 

inputs. Under· these ·conditions the w~ves ar·e so-called deep· water waves, 

and the total wave energy can be found from the Pierson-Mosko~~tz spectral 

sets (Neumann and Pierson [5]) • Per unit area, the total wave energy is 

where u 
w 

E 

.. 
5 6 lo-.9u4 

• X 
w 

(31) 

wind speed in em/sec at 19.5 m above mean sea surface 

wave ener~:?'. 

Half of this energy is kinetic energy. ·If we assume that all this 

kinetic energy is in the top layer (h
1

) of the;model,_ then the'vertically

average subgridscale energy intensity in this layer is 

e 
' -9. 4 

2.8 X 10 U /hl at i,.j, 1, n. (32) 

As the wave theory presents an. energy intensity for a given wind 

condition, we are not: concerned with influx of the subgridscale energy 

into the system, but with maintaining this energy level during the 

duration of'the wind condition in the simulation. 

We have assumed that all the kine'd.c wave energy is in the top layer. 

From deep water wave theory it is known that the wave-induced water 

motions are effectively zero at·a depth which is half the wave length. 
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BOTTOM AND LAYER THICKNESS APPROXIMATION 

Since in the momentum equations product terms of velocity times 

the layer thickness (hu) are used, it appeared possible to give the 

bottom layer a thickness which is independent o~ the layer thickness 

in other areas of the model. This procedure permits a rather accurate 

description of the bottom. 

In the field data for the Bristol Bay model, we noted sharp 

gradients in density. As our model is a finite difference model, the 

the resolution in this transition zone is relatively poor, and could lead 

to computational difficulties if long duration simulations were made. 

For one or two experiments the investigators plan to run the model 

as a layer model, where the layer thickness is varied. In this mode 

the vertical advection is not computed, but is reflected in variations 

of layer thickness. 

1. 

2. 
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This puts an upper limit upon the wind speed which we were able to allow 

in the simulation. This wind speed can be estimated from the average 

wave period belonging to the wind speed (Neumann and Pierson [5]). 

T = .81 x 2nu /g 
w 

and from the wave-length-wave-period relation 

The maximum wind that is allowed in a model with an upper layer 

thickness h for use in Eq. (32) can then be found from Eqs. (33) and 

' (34): 

u "' [ 2g\r; ]-v;;r:< 21.8Yh 
w .81 yg · 2n 

(33) 

(34) 

(35) 

Higher wind velocities would also involve subgridscale energy inputs 

in lower layers. The model at present does not include inputs other than 

in the surface layer. 

For the dissipation of energy, use is made of the now classical 

concepts developed by Kolmogorov [3) and Prandtl [4] that the dissipation 

rate depends on the transfer process from larger eddies to smaller eddies 

according to 

(36) 
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Appendix B 

SOME GRAPHICAL SIMULATION RESULTS FROM THE 

THREE-DIMENSIONAL NODEL OF BRISTOL BAY 

~TD COMPARISONS WITH FIELD DATA 
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n 55' 

Model Copha~e-lines, Greenwich 
s~· 54' epoch 

Coamplitude 1 ines, em 

174. 112.'. no· li4 162. \60 I~S' I ~6' 

Co-tide chart of Kl -component in Bristol Bay 
(compiled by PMEL} 

Fig. B-1--0bserved and ~omputed co~tide c~art of the diurnal tide 
component in Bristol Bay 
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Fig. 

S5 

~· Model 

172' 

.... 32-

Copnase lines, Greenwich 
epoch 
Coomp1itude lines, em 

u· 

W4' 1£2. 1&0' \~8. 1 6' 

Co-tide chart of M2 component in Bristol Bay 
(compiled by PMEL) '~ 

B-2--0bserved and computed co-tide chart of Bristol Bay for the 
semidiurnal tide. (The amplitudes of the computed charts are 
lower because of lower input values at the boundary. The 
observed chart does not show an amphidromic point at the cape 
west of Togiak Bay as no data collection station was available.) 
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Fig. B-3--Computed co-tide chart for the quarter-diurnal tide. (This tide 
is generated by the nonlinear effects as in the tide inputs at 
the boundary no quarter-diurna1 tide is introduced. Several 
amphidromic points are present. The amplitudes in this com
ponent are only a few centimeters.) 
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Fig. B-4-- Computed salinity (A) and temperature (B) distribution in the surface layer 
at 1400 pm 18 June 1976. , 
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Fig. B-5-- (A) Computed water level, velocity distribution in the surface layer and the 
rise and fall of water surface. (B) Computed velocity distribution in the 
8th layer (27m) at 1400 pm 18 June 1978. 
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TECHNICAL PROPOSAL 

I. Title: Oil Spill Trajectory Analysis, Lower Cook Inlet, Alaska 
Contract Number: Not applicable 

Proposed Dates of Contract: June 12-August 30, 1978 

II. Principal Investigator: Dr. Roger s. Schlueter 

Senior Engineer 

Dames & Moore 

III. Cost of Proposal for Federal Fiscal Year (10/1/78-9/30/79): 

No cost impact 

IV. Background: 

Previous oil spill trajectory analyses completed in 

March 1976 yielded information on probable shoreline impact 

areas and associated time to impact. That study needs to be 

updated to reflect new current data and to investigate other spill 

sites. In addition, some questions have arisen regarding data 

preparation work that was performed on the previous project. 

Lastly, the issue of statistical and deterministic errors and 

their effects on the final conclusions has been raised. These 

areas will be addressed in the study proposed herein. 

V. OBJECTIVES 

An oil spill trajectory analysis can fill many objectives; 

through their involvement with similar analyses in Alaska and 

elsewhere, NOAA personnel are familiar with these objectives. 

As suggested in your letter dated March 24, 1978, the immediate 

purpose of this proposed project is to evaluate biological study 

sites. 
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VI. General Strategy and Approach 

For purposes of this section, the proposed work can be 

divided into three distinct categories as follows: 

A. Documenta.tion 

The report* describing the previous trajectory 
analysis was essentially a data report, containing only cur

sory descriptions of data preparation procedures and model 
algorithms. In response to requests for greater detail, 

in-depth .discussions of both of these topics will be provided. 
Where applicable, this documentation will contain sample 

calculations (see Section VIII, Work Item 1). 

B. Trajectory Simulation 

The overall approach to the calculation of "base 
case" trajectories will, for·the sake of consist~ricy~ conform 

to that employed in the previous work. That is, a ·basic set 

of wind and current conditions will be established. Unless 

new data dictate otherwise, the eight predominant wind pat
terns from those defined by Putnins (1996) used in the previ

ous work will also be used· here. In contrast, new current 
data are known to be available and will be used to supplement 

the previously used data bases (see Section VIII for details). 

Using this environmental data, spill trajectories from 
OCSEAP specified spill sites will be simulated using the spill 

model. The result for each "environmental scenario'' is the 

point at which the trajectory intersects the shoreline and the 

time to impact. When combined with the probability distribu
tion of the winds and currents, this data permits probability 

of exposure maps to be generated for each site and for all 

sites taken together~ 

*Final report, Oil Spill Trajectory Analysis, Lower Cook 
Inlet, Alaska, For National Oceanic and Atmospheric 
Admministration, March 8, 1976. 
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C. Error Analysis 

The overall strategy outlined in Section B above 

is a deterministic one in that all quantities are uniquely 

specified. Both systematic and random flucttiations affect .the 

base case shoreline impact distributions, however. Hence, it 

is proposed to investigate to what extent the~e processes 

"smear" the distribution of impact points. 

In o~der to limit the number of tuns to be mad~, one or 

possibly two base scenarios will be sel~cted in conjunction 

with OCSEAP personnel; all error analyses will relate to 

these base cases. 

Several methods are available for simulating the error 

processes as discussed in Section VIII. In general, some 

measure of the error~-s~ch.as percent deviation frbm the base 

case for syste~atic errors and standard deviation for random 

fluctuations~-will be varied and th~ resultant changes on the 

shoreline impact· d~stribution observed. While certain quanti

tative measures exist., i.e., range of extremal impact points, 

the final assessme_nt of the sho~eline impact distribution will 

be a qualitative,one. For example, ,one might conclude that a 

25 percent systemattc errqr in net cur~ents has no significant 

effect on the base cases considered. 

VII. Sampling Methods. 

This_section not applicable. 

VIII. Analy~ical Methods 

In this section, details of the overall methodology 

described in Seetin VI will be given.· However, this discus

sion will be organized to follow Work Items 1-5 of ~our letter 

dated March 29, 1978. 
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Work Item 1. Model Documentation 

This work item is a straightforward task involving docu

mentation of the model and data manipulation procedures. Only 

two points need be discussed here. 

Recently, an improved spreading algorithm was incorpo

rated in the model. Of course, this necessitated that the 

"trajectory only" option be revalidated to ensure that it 

was not adversely affected. These validation runs consist of 

running various wind and current fields through the data pre

processor and spill model and comparing the results with those 

calculated by hand. These comparison runs will be provided 

with the documentation as "proof" of the interpolatiqn and 

computational schemes used in both codes. 

The second issue concerns the means by which the wind 

and current data are input to and manipulated by the pre

processor program which prepares these data for direct input 

to the oil spill model. This program serve two purposes: 

1) the volume of input is reduced by interpolating sparse 

data onto the required grid, and 2) the costs of analysis 

are reduced by permitting each environmental scenario to be 

prepared once for use with as many spill sites as necessary. 

Data preparation for input to the preprocessor begins 

with the establishment of a grid over the area of interest. 

This grid is then superimposed over a synoptic map of the wind 

or current field to be input. Starting at the upper left 

corner of the grid, the values of the vector speed and direc

tion are read at every nth grid intersection in both the 

horizontal and vertical directions. The value of n depends 

directly on the spatial variability of the input data. In 

the previous project, n was chosen to be four for the wind 

data and two for current data: the grid size was three 

nautical miles. 
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The preprocessor program performs a double linear inter

polation in the x and y directions .on the current and wind 

data sets. At this point in the program, then, values of speed 

and direction are known for the wind and current data at each 

grid point. Using an efficient encoding scheme, these data 

are passed to the spill trajectory program via intermediate 

data files. 

This process is best illustrated by the simple example 

where a vector field is input at every other (n=2) grid 

intersection. Letting subscripts i,j denote a grid inter

section point, this means that values for Vij and 9ij 
are known for i=l, 3, 5 ••. and j=l, 3, 5 .•. where Vis 

speed and 0 is direction. Now 

vi+l,j = 
v .. + v.+2 . 
~,J ~ ,J 

2 v. 1 . 1 ~+ , ]+ 

where i,j = 1, 3, 5 ••• , and similar equations apply for 9. 

Weighting factors must be used when n~2 but the concept is 

the· same. 

Mr. Pelto has requested that a copy of the preprocessor 

program be included with this proposal. I have not done that 

because, in spite of its apparent simplicity, there is some 

rather contorted logic in the code itself where internal 

variables assume more than one role as the program executes 

and a large number of transfers to subroutings occur. In 

short, it is not easy to •read.• If a program listing is 

essential, we will be happy to quickly respond to your request. 

Clearly, some interpretive judgment must be used when 

the synoptic charts of winds and currents are transferred 

to the input grid. We are presently in 'the process of 
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implementing a purely objective capability that could 

alternatelively be. used •. The. basic theory behind this 
approach is described by Lin and Goodin* a.nd an -operational 

code that embodies this concept is now being_ tested at 

Dames & Moore. While some tests have been completed, 
its applicability to this project is unknown. If suc

cessful, this concept may have very interesting implications 

beyond this particular project. Our proposed approach will 

be successful with or without this capability, but its 

possible applications should be discussed amon~ OCSEAP and 
Dames & Moore personnel. 

The question about double _entry of net currents in 

the previous study r~mains and a very direct approach to 

resolving the issue will be used. The original ·data will 

be reworked by the Principal Investigators on that study. 

The process will be clearly documented and comparisons 

with previous results made. If errors are uncovered, we 

will recalculate selected case trajectories to.assess the 

effect of double counting the net current. Considering 

the magnitude of the driving forces, the net current is the 

least significant and we believe that if a rerun is neces

sary major changes will not be found.· 

Work Item 2. Data Requirements 

There are no analytic met·hods associated with this 

work item, however, the following discussion of environ

mental data formats used by the spill model should satisfy 
your request. 

*Lin, C.Y., and Goodin, W.R., "An Iterative Algorithm 
for Objective Wind Field Analysis," Monthly Weather 
Review, Vol. 104, No. 6, June 1976 (see attached reprint). 

l .. 
\ 

192 



Both wind and current data are input in the same 

format. For any given parameter, the total set of data can 
be schematically represented as follows: 

Bi-DGK 1 

t:.~Z.. I 

BLQC:.K 2, 

Block 1 data describe the spatial dependence of the 

wind or current fields at time t=O, block 2 describe the 
fields at t2, and so on. The last time, tn, denotes 
the cycle time of that wind or current field. For times 
greater than tn, the input file is rewound and reused 

with each time value increased by tn. 

Within each block, the wind or current fields are 
input at every nth grid intersection as discussed earlier. 

They are specified in the. order (speed, direction) with 
FORMAT (l6F5.0). The direction is relative to magnetic 

north (positive clockwise) and speed is in meters per 
second. 
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Two data decks showing a hypothetical and real wind 

field are listed on the next two pages to illustrate the data 

input scheme. Figure 1 shows a hypothetical-wind field used 

for model validation runs. The wind was assumed to be 

spatially uniform over an entire square grid so that at each 

input time the wind need only be specified at the four 

corners of the grid. The wind speed is 0 m/s at t=O hrs, 

rises to 20 m/s at t=l hr, then falls back to 0 m/s at t=3 

hrs, which is the period of the wind cycle. The wind 

direction is from 180 degrees at all times. 

Figure 2 shows the wind- input data for the 1976 oil spill 

study corresponding to wind pattern 1 (after Putnin). This wind 

field is graphically shown in Plate 4 taken from that study. 

Clearly, the closer any new data are to this format, 

the easier it will be to incorporate into the proposed study. 

Any data that are spatially gridded in space and specified at 

various points in time should be relatively easy to modify 

into the desired format. Also, data specified as shown in 

Plate 4 or in a simila~ map format should be amenable to 

digitization and reformatting to the desired structure. 

Usually, current meter data are given as velocity as 

a function of time at the current meter station locations. 

The principal problem in dealing with this type of data is 

how to define the current at all grid points, particularly 

if the stations are sparsely distributed over the area of 

interest. The most straightforward method to deal with this 

problem is to use manual interpretation between the stations, 

particularly if the individual has a working knowledge of 

hydrodynamics of Cook Inlet. 

Of course, this introduces subjective judgments into 

otherwise objective data. This is why the divergence 

reduction procedure was suggested as an alternative in 
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FIGURE 1. Data File for Valication Test Case 
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Section VI, and should be evaluated once the nature and 

distribution of the current data is known. 

Lastly, a full hydrodynamical simulation of Cook Inlet 

could be undertaken but this appears to be beyond the scope 

of work contemplated by OCSEAP. The best procedure can only 

be selected after a careful review of all available data. 

Probably the most difficult data to handle are drogue 

tracks~ this is because the data are Lagrangia in nature while 

the model is fundamentally Eulerian. The best use of this 

type of data is qualitative verification of the interpolated 

current meter data. Drogue data are most useful in this 

regard if the winds are negligible during the drogue experi

ment or wind effects on the drogue are known. If the later 

is true, the. oil spill model can be used to predict drogue 

movement and qualitative comparison of predicted and observed 

drogue tracks made. 

Work Item 3. Model Simulation 

Once the environmental data sets are defined, actually 

exercising the model is straightforward. The basic algorithm 

and its numerical implementation remain as described in the 

1976 study report. Other questions regarding use of the 

model have been raised, however, and they are addressed in 

the remainder of this section. 

Based on results of the 1976 study and on location of 

the new postulated spill sites, it does appear to be prudent 

to shift the grid southward. There is nothing inherent in 

the model that limits the extent or location of the grid 

system. Rather, the extent of the.grid will more likely be 

limited by the availability of reliable wind and current data. 
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Reviewing the cumulative distribution of shoreline 

impact points from Plate 34 of the 1976 study (repro

duced on the next page) suggests that the northern edge 

of the grid be located at the Forelands. Also, as Mr. Pelto 

suggests, it would be advisable to move the southern edge 

of the grid to include Shelickof Strait and as much of 

Fognak and Kodiak Islands as desired by OCSEAP ·personnel. 

Note that our previous grid was chosen in conjunction with 

NOAA to coincide with. the lease._tra.c.t .. gr.id as a matter of 

convenience, not on the basis of any objective critreria. 

From the point of computational efficiency, the best grid 

would be one aligned with be the main axis of Cook Inlet. 

The final grid system w{ll be chosen early in the project in 

consulatation with OCSEAP personnel. 

Six hypothetical spill sites have been postulated. 

These sites will form the basic spill scenarios for this 

project. If, subsequently, more sites are deemed important 

these can be processed with relative ease. Once the grid 

system is established and appropriate environmental data 

digitized, the incremental cost of running trajectories 

from another site within that grid is small (see Part 4 

for costs). Given that Dames & Moore personnel were avail

able, merely running more spill site trajectories and pro

viding the results to OCSEAP could be done in a matter of 

days. 

The overall methodology described to this point yields 

the shoreline impact points under postulated conditions. 

While these conditions reflect representative surface wind 

patterns, other wind and current fields may occur. More-

over, the postulated winds and currents may not truely 

represent an average set cf base cases. Hence, as sug-

gested by Mr. Pelto, it would be informative to determine 

the sensitivity of the shoreline distribution of spill 

points to perturbations in the standard cases. 
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These perturbations (errors) are systematic as opposed 

to random fluctuations present in all real wind and current 

fields (see Work Item 5 below). Moreover, these systematic 

errors will be assumed to apply to wind and current speeds, 

not directions. For example, a base case wind pattern could 

exist but be weaker (speeds less) or stronger (speeds greater) 

than the base case. Similarly, the tidal velocities are 

likely to exhibit the same directional distributions whether 

the maximum or minimum speeds differ from the base case. 

Consequently we propose that the systematic error 

analysis proceed by first selecting a base scenario that 

yields as fairly "rich" distribution of shoreline impact 

points. Variation on the wind and current speeds will then 

be introduced and that base case rerun and the effects 

noted. We anticipated these variations be selected at, say 

~10 percent and ~25 percent. Further variations can then be 

run if the results change too little or too much. "Too 

little" and "too much" necessarily remain ill-defined until 

the actual results are seen: OCSEAP personnel will be 

involved in these decisions. 

Work Item 4. Model Documentation 

The only additional documentation required beyond that 

provided in Work Item 1 will cover the error analyses. 

It is expected that the most expeditious means to do the 

sensitivity analyses will be to introduce the capability 

directly into the model under control of a limited number of 

new input parameters. These changes will be completely 

documented. In addition, all wind and current fields used 

in this study will be provided both in graphic and gridded 

(numerical) format. The latter will take the form of 

Figures 1 and 2, modified to make them more easily read. 
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Work Item 5. Presentation of Results 

Following your request, results of the "base case" 

trajectory simulations will be derived and presented 

following the 1976 study. This has ·the advantage of per

mitting direct comparison with results from the previous 

effort. In addition, a discussion of the sensitivity 

analyses will be presented. 

Details of the analysis of systematic errors was dis

cussed under Work Item 3. Here, consideration of random 

errors will be discussed. A random error analysis recog

nizes that wind and current fields are not, in fact, smooth 

and deterministic but are affected by naturally occurring 

turbulent phenomenae. As in the previous error analysis, the 

purpose of the "random" error analysis is to measure the 

sensitivity of the final shoreline distribution of impact 

points as a result of these fluctuations. 

We propose to approach the random error analysis by 

developing probabilistic distribution functions for wind 

and current fields. We expect to use normal distributions 

for both speed and direction components of each field with 

different parameters for each components. Knowing these 

distributions, a series of trajectories will be run from a 

selected base case with the wind and. current fields subject 

to random distributions throughout the period of simulation. 

A statistically significant number of simulations will be 

run to enable the shoreline distribution of impact points to 

be defined. 

It is clear that the success of this approach depends 

on our ability to define the distribution functions. Tra

ditionally, this is extremely difficult due to the paucity 

of high resolution wind and current data over open water 

areas. We expect to encounter the same problem in Cook 

Inlet. Two approaches can be taken to solve this problem. 
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On one hand, the scientific literature contains 

information on non-site-specific turbulence measures. 

Where appropriate, these data can be used to guide the 

Cook Inlet analyses. On the other hand, a more pragmatic 

approach would involve the a priori specification of a 

selected distribution and its parameters. With this 

known, the sensitivity analysis can be performed and the 

results presented in the form, "If the distribution of 

wind velocities assumes a normal distirbution with v:•riance 

less than _______ , then these random fluctuations do not rna-

terially affect the stated results." The blank remains to 

be filled. The advantage of this approach ·is that later 

studies yielding the necessary distributional parameters 

would contribute to the conclusion of this study. 

Again, the approach we will take can only be determined 

after all avialable data have been reviewed. The results 

of this review and our conclusions will be discussed with 

OCSEAP personnel before a final approach is selected. 

Finally, the project report will discuss in detail, 

the usefulness of the various data sources to both the base 

case and error analyses. Our conclusionss should ~nable 

OCSEAP personnel to evaluate ongoing and proposed data 

collection programs with respect to oil spill trajectory 

analyses. 

IX. DELIVERABLE PRODUCTS 

A. Digital Data 

Not applicable 
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B. Narative Reports 

Considering the duration of this project, only 

one final report is planned. If desired, it will be comple

mented by an oral presentation of our results. This report 

will be delivered on August 30, 1978. 

Quantitative results will take three forms. The 

primary results of this study are centroid trajectories 

as illustrated on the following page {this is a rerun of 

two of the 1976 cases' Presumably, results of this form 

will meet your requirements as defined under work Item 

5 in your letter of 5/3/78). Two other maps will be pat

terned after the 1976 study and show shoreline impact 

distributions and minimum time to impact for the base case 

scenarios. Additional maps of a similar nature will illus

trate the results of the error analyses. 

c. Visual Data 

No other data maps will be provided· beyond 

those identified above. 

D. Other 

Actual computer output from the simulation runs 

does not contain any information beyond the trajectory maps 

except for case run documentation. This computer output will 

be bound separately and provided (in single copy only) if 

desired. This could ultimately comprise approximately 

500 pages of computer output. 

X. Quality Assurance Plan 

Sections 1 through 3 are,not applicabl~. Section 4 

is subsumed as part of Work Items 1 and 3, Section VIII. 
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XI. Special Sample and Voucher Archival Plans 

This section not applicable. 

XII. Logistic Requirements 

This section not applicable. 

XIII. Anticipated Problems 

The major problems we expect to encounter were 

discussed and solutions proposed in Section VIII: they were: 

1) How to analyze new wind and current meter data 

so that they are consistent with the requisite 

format 

2) How to develop statistics to characterize 

systematic and random fluctuations in the 

environmental data. 

XIV. Information Required From Other Investigators 

Some of the participants in the 1976 effort are no 

longer with Dames & Moore although they remain in Anchorage. 

These individuals must be involved in the determination 

whether the net current was treated correctly in the pre

vious study, an issue raised by Mr. Pelto. Mr. A. Allen of 

Crawley Environmental Services, and Mr. R. Miller and 

Mr. R. Britch of Nortech, Inc. were directly involved in the 

data analysis phase and have indicated an interest and 

availability for the necessary review process. 

XV. Management Plan 

Dr. Roger S. Schlueter will act as project manager 

for this project. He will be assisted by Mr. Charles Fahl 
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of Dames & Moore's Anchorage office. Mr. Fahl will act as 

day-to-day manager of activities conducted in Anchorage. 

In light of the fact that this is a relatively short 

single discipline project, no project management difficulties 

are anticipated. An activity/milestone chart is shown on 

the next page. This plan assumes a project initiation date 

of June 12; this schedule will necessarily slip if we cannot 

begin on this date. 

XVI. Outlook 

Both OCSEAP personnel and Dames & Moore recognize that 

the oil spill analyses as defined in this proposal repre

~ent only the most. cursory treatment of the problem. 

Nevertheles~, the results constitute a necessary first step 

and, in addition, should provide valuable input to other 

planning and research activities. 

A more refined study might consider: 

1) Non-surface release and transport modes 

The focus in this proposal is on the surface 

transport of a coherent oil film. However, 

other processes may be important. For example, 

subsurface release mechanisms (as in a pipeline 

leak) have not been considered. These may be 

more important to pelagic and benthic communi

ties than the "traditional" surface spills. 

2) Spreading 

This effort will focus entirely on the movement 

of the centroid of an oil slick; For larger 
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XVII. 

spills, this approach becomes inadequate in that 

a wide range of spreading and dispersive 

phenomena can affect the final shoreline impact. 

3) Other. Physiochemical Processes 

Both from operational, planning, and impact evalua

tion points of view, the many other processes affecting 

an oil slick may be quite important. These include 

evaporation, sinking, beach processes, oil/ice inter

action, and so forth. 

· Standard· FY79 Clauses 

Subsections 1-8 are not applicable. 

9) Three (3) copies of all manuscripts for publication 

or presentation which pertain to technical or sci

entific material developed under OCSEAP funds will 

be submitted to the appropriate Project Office at 

least sixty (60) days prior to release, for 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 consent 

of the Project Office. News releases will first be 

cleared with the appropriate Project Office. 

10) All publications and presentations of material 

developed under OCSEAP funds will acknowledge 

BLM/OCSEAP sponsorship. The following 

acknowledgement is standard: 

"This study was supported by the Bureau of 
Land Management through interagency agreement 
with the National Oceanic and Atmospheric 
Administration, under which a multi-year 
program responding to needs of petroleum 
development of the Alaskan Continental 
shelf is managed by the Outer Continental 
Shelf Environmental Assessment Program 
(OCSEAP) Office." 
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NEWPORT BEACH ATHENS 
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PHOENIX KUWAIT 

PORTLAND LONDON 

SALT LAKE: CJTY MADRID 

SAN FRANCISCO DAMES 8 MOORE MELBOURNE: 

SANTA BARBARA PERTH 

SEATTLE 
CONSULTANTS IN THE E:NVlRONMEN'TAL AND APPLI£0 EARTH SCIENCES 

SYRACUSE 

WASHINGTON, D.C. 

WHITE PLAINS 

SUITE 1000 · 1100 GLENDON AVENUE LOS ANGELES, CALIFORNIA 90024 · (213) 879-9700 
CABLE: DAMEMOREO TWX: 910-342-7591 

Outer Continental Shelf Environmental 
Ass-essment Program 

Bering Sea - Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

Attention: Mr. Mauri J. Pelto 
3uneau Project Office 

Gentlemen: 

August 1, 1978 

Amendments to the Statement of Work 
dated June 1, 1978 

Oil Spill Trajectory Analysis 
RFx4l,..D&M-346 
Nationai Oceanic and Atmospheric Administration 

Th.e attached original and four copies of amending pages to 
our original proposal dated .:rune 1, 1978 are in response to 
our meeting in s·eattle on July 26, 1978. These pages should 
now be cons·idered an integral part of our original proposal. 

These amendements correspond to our verbal agreements and 
should allow us to begin the work. Please contact me if there 
are further questions·. 

Yours very truly, 

DAMES & MOORE 

~A~ 
Roger s. Schlueter 
Acting Principal-In-Charge 

RSS/nl;'r 

Attachments 
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STATEMENT OF QUALIFICATIONS 

PROJECT MANAGER 

Dr. M. David Maloney is a project physicist assigned to 
Dames & Moore's Bethesda office. He received a B.S. in physics 
from Boston College in 1966, and a Ph.D. in Solid State Physics 
from Brown University, in Rhode Island in 1971. During the 
course of his undergraduate and graduate work he gained one 
year's experience doing experimental and theoretical work in 
semi-conductor properties and in shock wave analysis at the 
Harry Diamond Laboratories in Washington, D.C. He also held 
summer positions in molecular biology at the National Institutes 
of Health, Bethesda, Maryland and in cybernetics at the u.s. 
Patent Office. In 1967, he lectured in molecular genetics at 
the university of Virginia Department of Psychology. 

Dr. Maloney has served as a principal investigator at Dames & 
Moo:r:e in statistical diffusion problems and modeling, including 
atmospheric diffusion, groundwater diffusion, oceanic diffusion 
and meteorologic modeling. He has developed algorithms for the 
si~ulation of hurricane and tornado storms. He has conducted 
comparative reviews, both in the office and in the field, of 
ocean surge modeling efforts and calibration schemes for these 
models. The calibrations involved the application of various 
distribution functions in the statistical analyses of tide 
records and water marks. He has performed thermal model 
calculations for the rejection of heat to soils, wetlands and 
marine envh:onments. 

Recently! Dr. Maloney undertook an R&D project in the area 
of oil spill dispersion modeling, resulting in a number of 
o?tional algorithms representing probabilistic and deterministic 
descriptions of the following processes: oil slick spreading, 
center of mass trajectory, evaporation, dissolution, emulsification, 
oxidation/degradation, subsurface transport and settling. 

TECHNICAL PROPOSAL 

VI. General Strategy and Approach 

A. Documentation 

i) Dames & Moore will include as part of the 
final report an annotated listing of both 
programs that constitute the oil spill model, 
Since they are not pertinent to this study, 
all portions of the codes dealing specifical
ly with spreading calculations will be deleted. 
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ii) Formatted printouts of all gridded wind and 
current data for the base cases will be 
included as part of the final report. 

iii) All output of computer runs included in the 
final analysis will be provided to OCSEAP. 
This output will show date and system time 
of the run plus all non-environmental input 
data. 

c. Error Analysis 

Three physically and environmentally disparate sites 
for error analysis will be selected in conjunction with 
OCSEAP personnel1 all error analysis will be based on these 
sites. 

XV. Management Plan 

Dr. David Maloney will act as project manager for this 
study. Dr. Roger Schlueter will guide the technical direction 
and quality of the effort and act as interface between Dames & 
Moore and OCSEAP personnel. 

We now expect the project initiation date to be September 1, 
1978; the elapsed time and milestone schedule remains unchanged. 
Th±s revised schedule is contingent upon the requisite wind and 
current data being received prior to September 1. 

Other milestones are listed below: 

September 15 - all spill sites determined 
September 30 - Mr. M. Pelto to meet with 

Dames & Moore in Los Angeles 
for the purpose of progress 
review 

October 9 - Dr. Schlueter to meet OCSEAP 
personnel in Juneau with results 
of data review on previous 
project 

November 30 ~ final report submitted. 
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To: Arcitc Project Office 
506 Elvey Building 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 

Proposal Date: June 15, 1978 

Contract #: 03-6-022-35210 

NOAA Project #: RU 460 

FY 1979 RENEWAL PROPOSAL 

Research Unit Number 460 

Title: Analysis of Numeric Monitoring Techniques on Populations at 
Large Seabird Colonies 

Cost of Proposal: FY 1979: 
FY 1980: 

$40,543 
$15,939 

Lease areas Chukc.hi 100% 

Period of Proposal: October 1, 1978 through March 31, 1980. Final data 
analyses and report preparation will occur after the 
1979 field season, i.e. from mid-September 1979 to 
March 31, 1980. 

Required Signatures: 

Principal Inves;igat-7Ji /} ~ 
Name ;lla?/\ v - fj'/Jrr![jf1 
Name 'f}nv£?(L, ~ 

Date ;;t3J;wl(l :;7~ 

Date Z.r.!~T~ /qf-t{ 
Address RRCS, .·Ltdl. 3529 College Rd., Fairbanks. Alaska 99701 

Telephone (907) 479-2669 

Name ~C)~'J Date 22> Ju,t'\L 1'17~ 
Address Institute of Arctic Biology Univ. of AK. Fairbanks. AK 99701 

Telephone {907) 479-7672; 479-2141 

23T~I~ 
Q 
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(3) Technical Proposal 

I. Title: Analysis of Numerical Monitoring Techniques on Populations 
at Large Seabird Colonies. 

Research Unit Number: 460 
Contract Number: 03-6~022-35210 

Proposed Dates of Contract: October 1, 1978 through March 31, 1980. 

II. Principal Investigators: Alan M. Springer 
David G. Roseneau 
Edward C. Murphy 

III. Cost of Proposal for Federal Fiscal Year (October 1, 1978 through 
September 30, 1979). 
A. Science: $ 36,173 
B. PI. provided logistics: $4,370 
C. Total: $40,543 
D. Distribution of effort by lease area: Chukchi Sea 100% 

IV. Background: 

An accurate and efficient numeric monitoring system on population 
numbers of large colonial seabird rookeries has not been devised. The 
lifespans of OCSEAP studies are too short to have encountered and documented 
long-term changes in numbers and species composition. However, at Cape 
Thompson, Alaska we have historical data from 1959-1961 and access to detailed 
fi.eld notes and photographs of L. G. Swartz, University of Alaska, who conducted 
the seabird studies during that period. The complete colony censuses of 1976 
and 1977 indicated a decline of about 50% in numbers of murres (Uria aaZge and 
U. Zomvia) and less marked declines of kittiwakes (Riesa tridactyZa) 
between 1960 and 1976-1977. Using these apparent natural declines in numbers 
as an analogue of possible future offshore petroleum-related events, the 
proposed research by RU 460 will be a two-stage effort: first to test the 
validity of using a small subplot approach to estimate total colony numbers, 
and secondly to field test the indicated approach and statistical treatments. 

Swartz presented his 1960 murre counts not only as raw counts but also 
attempted to adjust the raw scores according to diurnal patterns of colony 
occupation by the murres. In 1977 we noted considerable variability in the 
time of day that maximum numbers occurred and we now question the accuracy 
of such "time-compensations". In addition, information from banding studies 
in Great Britian (C. M. Perrins, Oxford University, pers. comm.) suggests 
that numbers of individuals present at a colony may vary seasonally, as 
immature individuals apparently are not present at breeding colonies the 
entire breeding season. Thus, we will devote additional research effort to 
quantify diurnal and seasonal variation in numbers of individuals occupying 
selected sample plots. 

The study will provide a methodology for efficient monitoring of 
seabird populations, a necessary first step for the detection of adverse 
effects of offshore petroleum-related activities on seabird populations. 
Yet murres and kittiwakes are slow-maturing and long-lived, and events which 
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affect lower links in the food chain may not result in numeric declines at 
colonies for several years. Our experience to date suggests that productivity 
is particularly sensitive to variability in abundance of food species. 
Therefore a framework for monitoring productivity may represent a more 
sensitive and sophisticated approach to the detection of adverse effects 
of offshore petroleum-related activities on seabird populations. Concurrently 
with the above studies of population numbers we are planning to expand 
studies of productivity at Cape Thompson. 

Although RU 460 is assigned to the Chukchi Sea, the project is essentially 
non-site specific, or general, in its application. Previous studies at Cape 
Thompson provide a historical perspective unique in OCSEAP studies of 
colonial seabirds. 

V. Objectives 

1. To test the suitability of counts on a small number of sampling 
plots for monitoring numeric changes of seabird populations. 

2. To evaluate the precision, efficiency and practicality of simple 
random, stratified and multi-stage sampling techniques. 

3. To field test the validity of a sampling technique chosen on the 
basis of the previous objectives. 

4. To quantify diurnal and seasonal variation in numbers of murres and 
kittiwakes occupying the rookery. 

5. To evaluate the use of productiviby data for monitoring the effects 
of petroleum-related activities on seabird populations. 

VI. General Strategy and Approach 

Preliminary statistical analyses of variance will be run to evaluate the 
precision with which varmous sampling techniques and intensities monitor 
overall changes in population numbers between 1960 and 1976-1977. In 1979 
we will conduct a complete census again and critically evaluate the sampling 
techniques deemed most suitable in the preliminary anaiyses. The census will 
be conducted in late July-early August, as were previous censuses at Cape 
Thompson. Two observers in a small boat will count numbers of murres and 
kittiwakes on each of the census plots originally mapped by L. G. Swartz 
in 1959. Concurrently two observers on shore will conduct hourly counts of 
murres and kittiwakes on specified sample plots. In the past these latter 
data have been used to "time-compensate" the raw scores. In 1979 we will test 
the validity of time-compensation thoroughly. Every several days we will 
conduct hourly counts of murres and kittiwakes on specified plots for 12 to 
24 hour periods. During the one month period when four people are employed 
in the field we will expand the coverage ;.counting at four plots simulaneously 
to determine if diurnal patterns of colony occupation by murres and kittiwakes 
are synchronous throughout the rookery. In their entirety the counts on the 
sample plots provide data on seasonal as well as on diurnal changes in 
number of seabirds at the colonies. 
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On days when counts are not being made we will collect productivity 
data. Weather permitting, we will visit each kittiwake nest and murre ledge 
on the following schedule: each day during egg-laying, once a week during 
incubation, each day during hatching and every fifth day after hatching. 
About 50 kittiwake nests and ledges containing up to 100 murre eggs are 
accessible for determination of egge weights and growth rates of young. Using 
a mirror on a 5 m pole we will be able to visually examine another 50-100 
kittiwake nest for additional data on clutch size, hatching success, and 
fledging success. We also hope to weigh and band large numbers of young 
murres when they leave the cliffs; in many regions of the rookery they must 
cross small areas of beach before reaching the sea. 

VII. Sampling Methods 

The main objective of the study is to evaluate the efficiency, accuracy 
and practicality of several sampling techniques, e.g. simple random sampling, 
stratified sampling and two-stage sampling, using the census data. The 
census will be conducted in the same manner as in previous years to provide 
comparable results. 

Weather permitting, the studies of diurnal patterns of cliff occupation 
will be conducted every fourth or fifth day. Each hour during a 12 to 
24 hour sampling period, we will record total numbers of murres and kittito;rakes 
present on two to four sample plots', 

We will examine as many kittiwake nests and murre ledges as are safely 
aceessible. Much of the rookery is innaccessible. From other studies we 
know that productivity varies between the center and periphery of rookeries. 
Unfortunately central portions of the Cape Thompson colonies are innaccessible 
and consequently, our results may not be representative of the entire rookery. 
Yet the study sites will be the same as those of previous seasons, thus 
permitting comparisons among years and quantification of interannual variation 
in.reproductive success. 

VIII. Analytical Methods 

We will first conduct an analysis of variance (ANOVA) on the data from 
the 1960. 1976 and 1977 censuses. The &~OVA will be of mixed design: 
colony and year will be considered fixed effects; plots, being nested within 
colonies, are random effects. The statistical analysis is outlinec in R. R. 
Sakal and F. J. Rolff (1969. Biometry. Freeman, San Francisco) and the 
rationale of the design is discussed by B. J. Winer (1956. Statistical 
Properties in Experimental Design. McGraw-Hill, New York). We will use 
the ANOVA program BMDP2V (Dixon, W. J. 1975. BMDP Biomedical Computer 
Programs. Univ. of California, Berkeley), which is available at the 
University of Alaska Computer Network. To further quantify the degree to 
which changes on individual plots reflect overall changes in numbers between 
years we will use correlation analyses (e.g. Sokal and Rolff, 1969). 

A factorical ANOVA, grouping data by hour of day and Julian date, will 
be used to quantify the relative importance of diurnal and seasonal variation 
in numbers at the colonies. Plots of the data will allow visual assessment 
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of the patterns and suggest the direction of additional analyses. J. C. Davis 
(1973. Statistics and Data Analsis in Geology. Wiley, New York) discusses 
statistical analysis of temporal sequences of data. 

Data on productivity will be screened for skewness and kurtosis. The 
mean values of variables which are normally distributed will be compared 
with those for other years using the Student-Newman-Keuls procedure (e.g. 
Sokal and Rolff 1969). We will compare the distribution of variables which 
are not normally distributed (e.g. clutch size of kittiwakes) with those 
from other years with the Kruskal-Wallis test (Conover, W. J. 1971. Practical 
Nonparametric Statictics. Wiley, New York). 

IX. Deliverable Products. 

A. Digital Data. 

We will utilize records A through J of the A35 New Bird Colony format 
(see p.1Q, Digital Data Products Schedule). On many of these records, 
however, there are fields which are either inapplicable or beyond the scope 
of this study. Some examples are noted here. On records F and I we will 
not measure tarsus, culmen, wing, or primary. On records G we will not 
record information on nest attentiveness of adults. We will not know the 
date on which a particular fledging leaves the study area and will leave 
this field blank on record H. 

In general there is sufficient space provided in all applicable fields 
for minimum and maximum values. The only exceptions are the fields for 
dimensions on record B -- the study area and applicable area are too large 
for dimensions to be expressed in terms of meters squared in the 5 and 6 
column fields. 

The digital data of the proposed study will include sub-plot and subcolony 
counts (Objectives 1 through 4) and data on breeding phenology, egg weight, 
clutch size (kittiwakes only), hatching sucess, growth rates of young and 
fledging success (Objective 5). 
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B. Narrative Reports: As required of all OCSEAP reports. 

Specifically, this effort will develop and recognize a methodology 
for small and efficient subsampling of large colonies of two species 
of murres and one kittiwake species, using the only rookery available 
with excellent historical documentation plus documented population changes. 
This methodology will be an important tool in the eventual process of 
monitoring for effects of offshore development in Alaska, as it will indicate 
the most cost-effective way to detect substantial populations changes of 
key colonial seabirds within a short period to time. 

C. Visual data: Photographs of the colonies showing boundaries of 
census plots. 

X. quality Assurance Plan. 

The only instruments to be used in the field portion of the study 
are vernier calipers, which we will use for measuring eggs, and Pesola 
spring scales for weighing eggs and young. Every several days we will check 
the accuracy of the scales using a set of weights. 

We will emphasize here and in all reports that data on productivity 
may not be representative of the entire rookery, as there is no practical 
way to measure productivity in central portions of colonies at Cape Thompson. 

The analytical techniques described in part VIII of this section are 
standard statistical procedures. We will use techniques of analysis appropriate 
to the nature of the data. 

XI. Speciai Sample and Voucher Speciman Archival Plans. N/A 

XII. Logistics Requirements. None (see pp. 11-15, "Logistics Requirements11
) 

XIII. Anticipated Problems. 

The only major problem which we might encounter is inclement weather. 
A severe storm would necessitate schedule revision but would not seriously 
affect successful completion of the proposed work. 

XIV. Information Required from other Investigators. 

All current data on chemical, physical and biological oceanography of 
the Chukchi Sea will be useful in interpreting population ecology of 
the seabirds breeding at Cape Thompson. Of particular interest are results 
of plankton and fish trawls and data on the natural history of principal 
prey species of murres and kittiwakes. 

XV. Management Plan. 

The PI's will be responsible for both financial and scientific 
management of this project. Maintanence of all financial records and book
keepign except det~iled accounting of the subcontract will be done by RRCS, 
Ltd., Edmonton. Bookkeeping for the subcontract will be the responsibility 
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of the Institute of Arctic Biology, University of Alaska,. Fairbanks. 

XVI. Outlook. 

The results of this study will suggest an efficient scheme for monitoring 
seabird numbers, We hope that the sampling techniques appropriate for 
estimating numbers of murres and kittiwakes at Cape Thompson will also 
be valid for colonial seabirds at other breeding colonies. In the 1979 
Annual Report we will present the final results and recommendations for 
monitoring of population numbers. 

Once we have completed the analysis of numeric sampling techniques, we 
plan to focus our research efforts on more detailed studies of productivity. 
The productivity data we plan to collect in 1979 will be important in 
determining the direction and scope of the future studies. We anticipate 
that productivity studies will provide insight into the dynamics of numeric 
fluctuations, which we will continue to monitor. Cape Thompson is an ideal 
location for long-term demographic studies of seabird's due both to its 
historically unique data base and postponement of petroleum leases in the 
Chukchi Sea. Interannual variability in numbers of birds at breeding 
colonies and in breeding success may be of sufficient magnitude to preclude 
meaningful insight from short-term, i.e. one to three year, studies. 

The Arctic Project Office has estimated a total cost of 40,000 for this 
study. The descrepancy between our proposed budget of 56,482 and this 
figure is due to inclusion of objectives 4 and 5 in the present proposal. 
Quantification of seasonal changes in numbers and the collection and analysis 
of productivity data (Objectives 4 and 5) will cost approximately $13,700 
($12,470 for salaries, overhead, and fees; $630.,for fodld; $300 for oil, fuel 
and propane; and $300 for data analysis). This amount will be essential in 
clearly defining the future scope and direction of the study, but is not 
necessary for the completion of the primary objectives (1,2 and 3) of this 
proposal, which represent our current focus. 

XVII. Copy of Standard Statements 

1. Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate Project Office 
during the contract by the first day of January, July, and October, 
Annual Reports by April 1. The Final Report will be submitted within 
90 days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories will be 
represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP-designated repository in 
comformity with OCSEAP voucher specimen policy. 

4. At the option of the Project Office the PI is prepared to travel to the 
Project Office at least twice during the contract year to review 

219 



I. 
I 

·II ,, 
' 

1':[ 

! 

:·1! 
I 

•', 
1!/ 

''Ill 

:,1 

" ,, 
• I ~ 

., 
' .I 

9 

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 perdiem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by OCSEAP, 
accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of a cruise 
or three month data collection period, unless a written waiver has been 
received f~om the Project Office. 

1. Within 10 days of the completionof a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24-23) will be 
submitted to the Project Data Manager. 

8. 

9. 

10. 

Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract expiration. New 
equipment purchased will be reported quarterly and inventoried annually. 
The PI will maintain inventories of all expendable and non~expendable 
equipment purchased with OCSEAP funds. Information will be recorded as 
shown CD-281, "Report of Government Property in Possession of Contractor" 
(copy attached). Updated copies of these inventories will be submitted 
quarterly. 

Three (3) copies ·of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project Office at 
least sixty (60) days prior to· releas·e, 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. 

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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DIGITAL DATA PRODUCTS SCHEDULE 

Data Type Hedin Estimated Processing and 
(i.e. Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, (Volume of Format by Project Period Submission 
etc.) tapes, disks) processed data) (If known) (Yes or No) (Month/Year to Month/Year) (Nonth/Year) 

Bird Colony 

Location and 
Period of Study Cards 1 A35, Rec A Yes 6/79 - 8/79 3/80 

Description of 
II II 

Study Area Cards 1 A35, Rec B Yes 

Chronology of 
" II 

Nesting Season Cards 4 A35, Rec C Yes 

Analysis of 
Production Cards 12 A35, Rec D Yes " .. ..... 

0 

tv " II 
N Egg and Chick Cards 4 A35, Rec E Yes ..... 

Mortality 

Chick Growth 300 A35, Rec F,I Yes· " " Cards 

Nest History Cards 150 A35, Rec G Yes " " 
Egg and Chick 
History Cards 300 A35, Rec H Yes " " 

Census of Area 
Population Cards 360 A35, Rec J Yes II II 

Text Record Cards 100 A35, Rec T Yes II " 



0 Planned Completion Date 

X - Actual Completion Date 

RU fJ 460 PI: Springer, Roseneau and Murphy ------
Hajor M:f:lestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 1979 
MAJOR MILESTONES 0 N D J F M A M J J A s 0 N 

Preliminary Data Analysis 0 

Field work 0 

Final Data Reduction and Analysis I 
Completion of Annual Report 

' 

-~ 
N 

D J 
1980 
F M 

0 

0 

...... 
0\ 



PROPOSAL 

Winter Research on Fish and Epibenthic Invertebrates, 

Nearshore Beaufort Sea 

Research Unit 467 

by 

Joe C. Truett 

LGL Limited-U.S., Inc. 
environmental research associates 

4600 Dale Road 
Fairbanks, AK 99701 

(907) 479-6519 

submitted to 
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2 August 1978 
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PROPOSAL 

Winter Research on Fish and Epibenthic Invertebrates, 
Nearshore Beaufort Sea 

Introduction 

The Bureau of Land Management has indicated a need for information on 
characteristics and processes of the nearshore Beaufort Sea in winter. 
Investigators already funded for research in the nearshore Beaufort have 
been asked to propose winter research that they consider relevant to 
BLM•s interests in assessment of impacts of OCS development. 

LGL Limited-U.S., Inc. proposes the following research effort for winter 
studies of fish and epibenthic invertebrates. 

Objectives 

Objectives are to 

1~ investigate the distribution and ~rovide an initial ~haracterization 
of the ecological dependencies of anadromous (and to some extent, 
marine) fishes in the nearshore zone in winter. 

2. document the general distributional characteristics of common 
epibenthic species in the nearshore zone in winter, giving special 
consideration to physical habitat factors (water depth, salinity, etc.) 
affecting this distribution. 

3. provide an interpretation of the life histories of fish and invertebrate 
populations encountered, such that inferences can be made about how 
winter distributional patterns relate to the survival strategies of 
the important species. 
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Rationale 

Recent studies (RU 467) show that important:ariadromous species of fish may 
overwinter in the brackish waters of nearshore areas. It was formerly 
thought that these fish were mostly confined to fresh-water streams in 
winter. Investigations of RU 467 also indicate that some of the invertebrate 
species that are important as food for fish and birds migrate seasonally 
between the lagoons and the marine environment. The seasonal movement and 
distributional patterns of these invertebrates need to be clarified so 
that the affects of development upon these patterns can be evaluated. 

Methods· 

Fish 

Sampling will be conducted during two time periods: 1-20 November 1978 
and 20 April-S May.1~79 .. The. pl"imary area.of sampling at these times will 
be in· the vicinity of Simpson Lagoon. Three sites will be selected, one. 
in the center of the lagoon between Pingok Island and Oliktok Point (water 
depth about 4 m), one seaward of Pingok Island at the 6-8 m depth contour, 
and one in Harrison Bay near the Colville Delta. Gill nets will be set 
under the ice for a period of several days at each site. 

The second site recommended for fish sampling is in ~effingw~ll Lagoon 
behind Flaxman Island. We propose to sample at two places there---inside 
and seaward of the lagoon-~-in water depths similar, respectively, to the 
lagoon and marine·sites at Simpson lagoon. This sampling effort will be 

. ' . 
contingent upon a concurrent research effort in this area by 
other OCS investigators (e.g., Drew Carey and/or others). We propose to have 
biologists accompany these other investigators and either sample or direct 
the sampling of fish and invertebrates at the selected sites of study in the 
area of the Flaxman Islands. 
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Methods'cont'd 

Fish caught at these sites will be analyzed for condition, food habits, and 
life history data (sex, age, etc.). Interpretations of the feeding and 
habitat dependencies of the fish in winter will be made on the basis of 
these analyses in conjunction with the physical habitat factors (salinity, 
temperature, water depth, etc.} measured at the sampling sites. 

Invertebrates 

Two sampling periods, 1-20 Nove1nber 1978 and 12 April-5 May 1979, are 
proposed for the winter program of epibenthic invertebrate research. The 
sampling sites and dates will be the same as those proposed above in the 
fish sampling program. 

1-20 November 1978: At each site epibenthic invertebrates will be sampled 
by using baited traps and by towing a small Wildco are~ge along the bottom. 
Baited traps---meat for amphipods and light sticks for mysids---will be 
placed just under the surface of the ice, at mid-water, and on the bottom. 
Traps will be checked and trawls conducted each time the gill nets are 
pulled from the water. 

20 April-S May 1979: During this period an under-ice diving program will 
be conducted from the cabins on Pingok Island. Diving operations will be 
carried out in the nearshore marine habitat and in a deep portion of Simpson 
Lagoon. The divers will collect invertebrates from several habitat types 
(e.g., under-ice, water column, and near bottom) using airlifts, hand 
operated nets, etc. Quantitative estimates of densities will be determined 
using quadrants and underwater photography. In addition, baited traps and 
the small trawl will be utilized in conjunction with the diver observations 
making it possible to evaluate the effectiveness of the traps and trawls 
as sampling devices. Correction factors can then be applied to the results 
of the November samples to account for some of the sampling inadequacies 
of the trawls and traps. 
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1979 Proposal 
-R.U. 473 

TITLE: Shoreline history and processes, Beaufort Sea 

PRINCIPAL INVESTIGATOR: David M. Hopkins 

TOTAL ·COST OF PROPOSAL: OCSEAP 
OCSEAP-logistics 
USGS Contribution 

Total 

$ 48,154 
[18,800] 
[16,430] 

$[83,384] 

75% of this work will-be conducted within 
the Beaufort Sea lease area and 25% will 
be conducted in areas immediately to the east. 

INSTITUTION AND DEPARTMENT: U.S. Geological Survey, Branch of Alaskan Geology 

DATE OF PROPOSAL: June 29, 1978 

REQUIRED SIGNATURES: 

Principal Investigator 

Name __ D_a_v_i_d_M_._H_o_.,p'-k.;.i...;;n.;;;;s;;__ Date June 29, 1978 
-------~-------------

Address 345 Middlefield Road, Menlo Park, CA 94025 

Telephone -~F.::.T~S_4~6;;.7;..-...:2:...;6~5~9 ____ _ 

Required Organization Approval 

Name A. Thomas Ovenshine 

Address 345 Middlefield Road, Menlo Park, CA 94025 

Telephone __ F_T;;.S __ 4;;.6~7_-...;;2~2...;;3~1 ____ _ 

Organization Financia; Officer , ~~-·~ 

4J'aJ>arr.-- 0-{~ 
Name Elwood H. Like .~~ , 

Address Office of Mineral Resources, U.S. Geological Survey, 

National Center, Mail Stop 913, 12201 Sunrise Valley Drive, 

Reston, VA 22092 

Telephone -~F.::.T~S_9:...;2;;.8=---=6~5:....:7...:2::.c., __ _ 
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TECHNICAL PROPOSAL 

I. Title: Shoreline history and processes, Beaufort Sea 
Research Unit: 473 
Proposed Dates: October 1, 1978-September 30, 1979 

II. Principal Investigator: D. M. Hopkins 

III. Cost of Proposal for Federal Fiscal Year 

IV. 

A. Science 
B. NOAA-provided Logistics 
C. USGS Contribution 

D. Grand Total 

E. Distribution of effort: 

Background 

$ 48,184 
[18,800] 

$[83,384] 

Beaufort Sea lease area 

Coast of Arctic Wildlife 
Range immediately to 
east of Beaufort Sea 
lease area 

75% 

25% 

This study was originally conceived to provide supporting data for 
the development of an understanding of the distribution of offshore 
permafrost to supplement studies R.U. 105, 204, 253, 271, and 456. 
Discussions at the 1977 Barrow Synthesis meeting showed that the 
study could also provide information needed to assess the biological 
and geological impact of gravel mining of beaches and barrier islands 
and the impact of construction of causeways, jetties, and artificial 
islands. In 1977, fieldwork was designed to emphasize these topics, 
with a great deal of success, leading to Hopkins' writing of the 
gravel-mining and artificial island section of the Beaufort Synthesis 
report and to a report by Hopkins and Hartz now in press on the 
morphology and dynamics of the coast and barrier islands of the 
Beaufort Sea. We are also in the process of measuring rates of 
coastal retreat, using sequential airphotos, in parts of the region 
between Flaxman Island and Icy Cape where data has not been provided 
by previous invcistigators. 

During the next 10 months we will largely complete work on the 
segment of the coast from Flaxman Island to Point Barrow and intend 
in 1979 to extend the study eastward across the Arctic Wildlife Range 
tp the Canadian border. We feel justified in doing this, because the 
Arctic Wildlife Range is likely to be strongly impacted by explora
tion and possible petroleum production in the extremely promising 
area (two discoveries!) near Thomson Point and Flaxman Island immedi
ately to the west, and because it is highly probable that offshore 
exploration will soon be extended to the even more promising area 
offshore from the Arctic Wildlife Range. 

228 



I 

\ 

TECHNICAL PROPOSAL (cont.) 

V. Objectives 

1. Survey lithology, stratigraphy, geochronology, paleoecology, 
and ice content of rocks and sediments exposed in selected 
sections of the coastal bluffs. 

Relevance: Provides data needed for prediction of horizontal 
and vertical di~tribution of bonded permafrost on the continental 
shelf and potential for thermokarst subsidence in adjoining off
shore areas. 

2. Collec.t information bearing on climatic history (summer, winter 
temperatures, thickness and continuity of snow cover) during last 
30,000 years, in coastal northwestern Alaska. 

3. 

Relevance: Thermal history is a parameter needed for development 
of predictive models for offshore permafrost. 

gravel sources and gravel sinks along Beaufort Sea coast. 

Relevance: Permits recognition of sites in which gravel can be 
removed with relatively little ecological effect as well as areas 
in which gravel mining will have drastic consequences. 

4. In particular, identify .sources of gravel composing individual 
or groups of Beaufort Sea barrier islands and estimate their· 
net migration over millenia-long time base. 

Relevance: Permits assessment of geological and ecological 
consequences of removal of barrier islands for construction 
of artificial islands. 

VI. General Strategy and Approach 

Airphoto interpretation, supplemented by overflights to identify 
geomorphic features providing information on long-term coastal 
changes and information on ancient sediments beneath the adjoining 
sea bed. 

Visit selected segments of mainland coast in order to identify and 
date major geomorphic-lithologic units such as alluvial fans and 
ancient marine terraces. Excavate selected sections of bluffs in 
order to examine stratigraphy and to collect samples for geochrono
logical, petrological, and paleoecological analysis. 

Brief visits to barrier islands between Point Barrow and Flaxman 
Island to collect pebble samples for lithologic study and to obtain 
overall impression of trends of change in gravel size. 

Radiocarbon- and amino-acid-dating of selected samples; petrological 
study of gravel samples; paleontological analysis of selected samples. 
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TECHNICAL PROPOSAL (cont.) 

VII. Sampling Methods 

Samples selected by eye to obtain those providing maximum geochrono
logical or paleoecological information. 

VIII. Analytical Methods 

Radiocarbon dating. Amino-acid-racemization analyses for purposes 
'of correlation and age estimates'. Some thin-se.ction microscopy to 

'identify distinctive pebble types that can be related.to specific 
sources. Paleontological studies (pollen, mollusks, and vertebrates). 

IX. Deliverable Products 

A. Digital Data - none 

B. Narrative Reports 

Report on genesis and migration of Beaufort Sea Barrier Islands. 

Report on thermal history of Prudhoe Bay region during the past 
30,000 years (this will be joint report of R.U. 204 and 473). 

c. Visual Data 

Maps ~howing erodibility of mainland coast, long-term erosion 
rates of different segments.of the coast, and vertical position 
of highest driftwood line for segments of the coasts of Beaufort 
and Chukchi Seas. 

D. Other Non-Digital Data - none 

X. Quality Assurance Plan 

1. Not applicable. 

2. Standard field~geologic methods will be used for field measure
ments. Samples in general require no special procedures for 
preservation except that radiocarbon samples must be dried as 
quickly as possible to avoid mold and pollen samples must be 
carefully sealed to avoid contamination. · 

3. Fossil identification will employ standard and mostly traditional 
techniques. Radiocarbon and amino-acid studies will employ 
standard techniques. 

4. Not applicable. 

XI. Special Sample and Voucher Specimen Archival Plans 

Samples archived in Principal Investigator's office until no longer 
needed and then to be discarded. 
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TECHNICAL PROPOSAL (cont.) 

, XI. Special Sample and Vouche~ Specimen Archival Plans (cont.) 

Important paleontological specimens will be retained in collections 
of Paleontology and Stratigraphy Branch of u.s. Geological Survey as 
long as needed. Types, illustrated specimens, and other significant 
material will ultimately be deposited in the u.s. National Museum. 

XII. Logistics Requirements 

PRINCIPAL INSTITUTION U.S. Geological Survey 
Branch of Alaskan Geology 
Menlo Park, CA 94025 

INVESTIGATOR D. M. Hopkins 

A. SHIP SUPPORT None 

B. AIRCRAFT SUPPORT--FIXED WING 

1. We will need to have our camp placed and moved as follows: 

NARL (Barrow) to Demarcation Point 
Demarcation Point to Barter Island 
Barter Island to Camden Bay 
Camden Bay to Flaxman Island 
Flaxman Island to NARL (Barrow) 

2. No observations 

3. Flights at 7-10 day intervals within the period July 15-Aug. 31. 

Detailed scheduling can be negotiated in spring, 1979. 

4. These are 4-hour round trips for a plane operating out of Barrow 
or 2-hour trips for a plane operating out of Prudhoe Bay. 

5. Other activities can piggy-back on these flights. 

6. None 

7. Total gear will weigh about 2,000 pounds; largest items will 
weigh 200 pounds (oil drums, Zodiac boat components). 

8. Twin Otter 

9. NARL or one of the contractors at Prudhoe Bay. 

10. $350? 

11. Two to four. 

12. Prudhoe Bay or NARL (Barrow). 
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TECHNICAL PROPOSAL (cont.) 

XII. Logistics Requirements (cont.) 

C. AIRCRAFT SUPPORT--HELICOPTER 

1. Helicopter needed for transportation to selected coastal loca
tions to observe accelerated coastal erosion after autumn 
storms have removed accumulated snow and mud from faces of 
bluffs. These flights will go from Prudhoe Bay to selected 
points between Flaxman Island and Oliktok Point and possibly 
from NARL (Barrow) to Cape Simpson and Drew Point. 

2. Helicopter wanted to transport personnel to ground sites where 
they will wish to work for 2- to 4-hour periods. 

3. These flights should be made at some time during the period 
September 1-15. If flexibility is possible, the scheduling 
should be based upon the weather of that period. 

4. Propose 4 hours per day for 4 days • 

. 5. Two people. 

6. Light field packs (20 kg per man) and possibly 30 kg samples 
on return trip. 

7. Bell 204 or equivalent. 

8. NOAA or ERA Helicopters. 

9. $350 

10. Prudhoe Bay and possibly NARL (Barrow) 

11. No. 

D. QUARTERS AND SUBSISTENCE 

1. Quarters and subsistence at NARL will be required while field 
party is mobilizing and demobilizing. Mobilization will 
take place in late July or early August 1979, and demobiliza
tion during early to middle September of that year, and will 
involve four men per day for total of 8 days. 

2. Yes--Navy Arctic Research Laboratory, because our field gear 
is stored there and because it is the most convenient place 
available on the arctic coast. 

3. $100/per day/per man. Guesswork. 
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XIII. Anticipated Problems - none 

Contingency Plan - Patience is the only contingency plan applicable 
to this sort of logistics. Airplanes and helicopters can be replaced 
if they break down, but it takes time. The only cure for bad weather 
is to wait for it to get better .. Other than that, there is not 
much to be done. 

XIV. Information Needed from Other Investigators - none 

XV. Management Plan 

Management is the responsibility of the Principal Investigator and 
the administrators of the Geological Survey. The Principal Investi
gator will lead and supervise the proposed work. 

Milestone sheet is given on following page. 

XVI. outlook 

At present, we do not expect to continue fieldwork after summer, 1979. 
About 15 months will be required beyond termination of fieldwork to 
complete analysis of specimens and writing of reports. No additional 
equipment and no further logistical assistance will be needed after 
fieldwork is completed in September 1979, but we may need an additional 
large quantity of airphotos. 

Project costs to OCSEAP for FY 1980 will be about $45,000 and for 
FY 1981 about $15,000. 

Results of this study are being furnished to OCSEAP as a series of 
reports complete in themselves. We will continue to furnish such 
short reports and do not contemplate a large overall monograph. 

XVII. 1. Updated milestone charts will be submitted quarterly. A schedule 
for processing and analysis of past year's data will be submitted 
to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate Project 
Office during the cont!act by the first day of January, July, 
and October, Annual Reports by April 1. The Final Report will 
be submitted within 90 days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 
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HIL'ESTONE CHART 

0 - Planned Co:r.pletion D2te · 

X - Actual Co~pletion Date 

RU II ----473 PI: ~~~·-/.n~-~-0~~-~-~~-; ________ _ 

~ajor Xiles~oces: Reporting, data management and other significant 
coc~:act~~l :equire~ertts; periods of field work; workshops; etc. 



XVII. 

TECHNICAL PROPOSAL (cont.) 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per. diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-
13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will main
tain inventories of all expendable and non-expendable 
equipment purchased with OCSEAP funds. Information will 
be recorded as shown on form CD-281, "Report of Government 
Property in Possession of Contractor" (copy attached). 
Updated copies of these inventories will be submitted 
quarterly. 

9. Three (3) copies of all manuscripts for publication 
or presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to the 
appropriate Project Office at least sixty (60) days prior to 
release, for information and for fon~arding to BUf. 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 follotving acknowledgment is standard: 
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XVII. 

TECHNICAL PROPOSAL. (cont.) 

"This study was supported by the Bureau of Land Man
agement 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 S~elf Environmental Assessment 
Program (OCSEAP) Office." 
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RENEWAL PROPOSAL TO U.S. DEPARTMENT OF COMMERCE 
National Ocea.nic and Atmospheric Administration~ Environmental Research 
.Lc;qoratories for "Characterization of·Organic Matter in Sediments from 

Gulf of Alaska, Bering and Beaufort Seas" 

OCSEAP RESEARCH UNIT NO. 480 
CONTRACT 03-6-022-35250 

I. R. Ka p 1 an, PrfrlCij)ilifiVeSti9at(ir 
Institute of Geophysics & Planetary Physics, UCLA 

Telephone Number 213/825..,1805 

. 

Social Security Number: 546-56-6808 

M. I. Venkatesen, Co-Investigator 
Social Security Number: 485-76-4406 

Telephone Number: 213/825-1805 

.. ,, ·~. ·~ Le~nOPr.ikociate Director, IGPP 
Telephone Number: 213/825-1580 

' 
fficer 

October l, 1978 to September 30, 1979 
Amount· Requested: $96 ,017 

'Date Submitted:. July 28,1978 

The Regents of the University of California 
Institute of Geophysics and Planetary Physics 

University of California, Los Angeles; California 90024 
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IV. Background 

The studies to be undertaken in this project will be the analyses 

of total carbon, organic carbon, high and low molecular weight hydro

carbons. Some of the samples from Lower Cook Inlet were already col

lected in spring of 1978 and the rest from Lower Cook Inlet and Norton 

Sound will be collected during the summer of 1978 and 1979 using the 

NOAA ship DISCOVERER. Analysis of the samples collected in 1976 and 

1977 are almost complete and the results will be provided in the 

forthcoming Annual Report. The Annual Report submitted in April, 1978 

(RU # 480) contains most of the data regarding Cook Inlet samples. 

Current Research: Results of analysis of samples from Norton Sound 

{_1967 and 1977}, Kodiak Shelf and Beau-fort Sea were submitted in 

the Quarterly Report, July 1978 (copy enclosed). Gas chromatographic 

analysis is complete and the data reduction is in progress. GCMS 

analysis of these samples will be performed in the second half of 

this year. Analytical difficulties have been resolved this year and 

smooth analysis of samples is possible. The details of the method

ology followed are presented in the Annual Report, April 1978 (RU # 

480). The major modifications introduced in the analytical procedures 

are as fallows: 

1. Wet extraction of the sediments with methanol for 24 hours 
followed by toluene:methanol {3:7) for 76 hours was 
carried out instead of freeze-drying and extracting 
with toluene-methanol only. This method eliminated any 
possible contamination from the freeze-drier. 

2. A new silica gel column procedure (Dr. Bieri, Virginia 
Institute of Marine Sciences) was adopted which gave aromatic 
fractions free of methyl esters. 

3. SCOT columns were replaced by glass capillary columns, which 
gave better resolution of the components. GCMS analysis 
are carried out on a Finnigan Model 4000 Quadrapole Mass 
Spectrometer directly interfaced with a Finnigan Mod~l 
Gas Chromatograph. The mass spectrometric data are pro-
cessed through a Finnigan Model 2300 Data System. · 
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V·. Objectives: 

The major objectives of the investigation will be the analysis 

of both light and high molecular weight hydrocarbons in surface sediments 

from the two lease areas, Lower Cook Inlet and Norton Sound. Particular 

emphasis will be placed on analysis of sediments from the western part 

of Cook Inlet , where very few samples have so far been collected and 

analyzed, and the upper part of Cook Inlet, where exploration and 

production activities are underway. 

In Norton Sound, samples will be collected at stations close to 

places suspected of containing natural seeps. In sho.rt, our three major 

objectives are: 

1. Investigate light and heavy aliphatic and aromatic hydro
carbons in surficial sediments from Cook Inlet col-
lected from areas suspected as zones of high deposition of 
suspended matter derived from Upper Cook Inlet and from 
areas which may have been impacted by exploratory drilling 
in Lower Cook Inlet. 

2. Investigate the light and heavy aliphatic and aromatic hydro
carbon composition of sediments from the Norton Sound seep 
area to provide better definition of hydrocarbons emanating 
from the seep and to determine geographic spread of seep 
hydrocarbons. · 

3. Participate in continuing intercalibration and methods 
evaluation programs for both light and heavy hydrocarbons. 

The seep in Norton Sound is believed to bring both gaseous and liquid 

hydrocarbons to the surface (J. Cline, RU 153; Kvenvolden, USGS). It is 

our objective to characterize and determine the distribution of hydro

carbons with depth in cores from the seep to elucidate hydrocarbon flux 

and to determine the geographical extent of seep-derived hydrocarbons to 

gain information on transport and weathering processes. 

In addition to the above areas, samples have previously been col

lected in central and eastern part of the Cook Inlet, Norton Sound, 

Beaufort Sea and Kodiak Shelf and the data reduction of the gas chromato-

grams is in progress as mentioned earlier. 
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VI. Strategy and Approach 

The procedures to be followed on the samples will be two-fold: 1) . . . 

Lowmolecular weight hydrocarbons have been identified from samples of 

sediment stored in cans closed at the time of sampling. These cans will 

be kept frozen until the time for analyses. A measured volume of head 

space gas will be removed and injected into a gas chromatograph for 

compound identification and quantification. 2) High molecular weight 

hydrocarbons will be extracted by the procedures described in the 

Methodology Section. In addition to the procedure described for extrac

tion· and column chro'!latographic separation of the hydrocarbons, ten 

percent of a 11 extracts wi 11 be analyzed by computerized GC-mass spectro

meter to confirm the compound composition. 

Where possible, the :following information will be obtained: 
' . . .. 

1. Total weight of nonsaponifiable fractions, 
2. Total weight of aliphatic hydrocarbons, 
3. Total weight of aromatic hydrocarbons, 
4. Pristane/n-C 17 ratio. 
5. Phytane/n-Cta ratio 
6. Odd/even carbon ratio 
1. Identification of homologous ~-alkane series 
8. Identification of individual aromatic compounds for 

fractions whose GC/MS analysis is ca.rried out • 

. In addition to the above, the organic content will be further 

characterized by analysis of total carbon and organic carbon. in the 

sediment. Mylar overlays of location, nonsaponifiable total and organic 

carbon content will be submitted. 
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A. Sampling.Method: 

During the past sampling season, we have used a sampling device 

and procedure which has recovered samples large enough for trace 

metals, grain size, sediment texture, and microbiology analyses. Its 

great advantage is that is does not "blow away" the surface layer of 

sediment prior to collection as other devices tend to do. 

In the characterization and determination of baseline con

centrations of hydrocarbons in recent sediments, it is critical that 

the surface layer be quantitatively collected because changes .in the 

distribution of hydrocarbons in sediments as a result of petroleum 

development, will initially be detected in the surface layer. Further

more, it is essential that the samples are not contaminated with hydro

carbons during the collection procedure, for example, from paint or grease 

on the sample collection device. 

With these requirements in mind, a modified aluminum Van Veem 

grab sampler, constructed of non-contaminating materials and capable of 

quantiatively collecting the sediment surface was purchased at UCLA in 

order to collect samples during the 1976 summer sample collection period. 

This sampling device was developed by A. Soutar for the Southern 

California Baseline study, and we were able to successfully use it in 

Alaskan OCS environments. The main features of this sampler, whichiis 

1llust~at~d i~ Figure·l, are (1) _the incorporation of a frame which 

orients the grab normal to the sediment surface, a completely vented 

top which not only prevents blowing away of the fine surface layer but 

allows easy access to the sample after recovery, (2) the use of aluminum, 

stainless steel and teflon in construction, which precludes any con

tamination from hydrocarbons or trace metals, and (3) ability to collect 
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sand and gravel sediments. 

The volume of sediment recovered is usually sufficiently large so 

that replicate HMWHC and LMWHC samples can be collected. Moreover, there 

was sufficient sediment for other investigators to collect samples for 

trace metals, P~-210, foraminifera), microbiological or textural analyses. 

In addition to this improved sampling device, a procedure for 

subsampling that is accurate, reproducible and non-contaminating was used. 

This procedure has been developed for use in the BLM Southern California 

Baseline Analysis Program, and involves the use of a template and scoop 

which allow sampling from 0-2 to 2-4 em depths on the undisturbed surface 

layer of sediment recovered in the grab sampler. 

When the grab sampler is brought on deck, a plastic bag is placed 

beneath the weight stand to prevent water from the hydrowire or weights 

from dripping into the sample. The top-loading doors are opened, and any 

supernatant water is siphoned off. Pre-cleaned templates for MWSHC 

samples and-stainless steel core tubes for LMWHC subsamples are pushed 

into the sediments. HMWHC subsamples are taken with a stainless steel 

scoop by sliding the scoop· along the template. Thus, accurate, repetitive 

samples of 0-2 and 2-4 em depths could be taken. If it appears that the 

surface layer has been distur.bed during the sample collection, the template 

is not used and bulk or surface and subsurface samples are call ected with 

a stainless steel spoon. 

Upon recovery, the sample is inspected and graded on a subjective 

scale of 1 (poor) to 5 (excellent). For example, an excellent sample 

has an essentially flat surface, the supernatant water is clear, and 

fine particulate material are present. In some cases, intact polychaete 

tubes protruded from the surface or mullusks, arthropods, etc. are: re

covered, indicating 1 ittle disturbance at the ·sediment-water interface 

of the recovered sample. 
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B. Analytical Methods 

· High Molecular Weight Hydrocarbons (HMWHC) 

Samples will continue to be analyzed aGcording to methods outlined 

in our Annual Report, April 1978, on 11 Characterization of Organic Matter 

in Sediments fro~ Lower Cook Inlet 11 (copy enclosed). Table 1 provides the 

f~ow chart of the essential steps involved in the analysis of sediments. 

Gas chromatograms of two of the samples analyzed thisyear are presented 

in Figures 2 and 3. A glass capillary column (OV-101) was used in the 

Hewlett-Packard Model No. 5830A modified with a grab injector and equipped 

with flame ionization detector and electronic integrator .• The column 

was temperature-programmed at 4°/min. from 35°C to 260°C and held iso

thermally for about 2 hours. Hexamethyl benzene (HMB) was used as an 

internal standard. The integrator values wet·e fed into a PDP 11 Digital 

Computer and the data processed .bY using the program RATIO 1, a revised 

version of the original RATIO 1 (GCSAI) to include a new method of handling 

KOVATS. The computer printout of the data including ratios of different 

parameters is shown in Table 2. The same procedure will be followed for 

all samples. 

Intra-laboratory separation and recovery efficiency will be deter

mined using a synthetic hydrocarbon mixture and precision and inter

laboratory comparability will be determined by analysis of a reference 

sediment. 

low Molecular Height Hydrocarbons (LMWHC) 

Sediments will be placed in pint cans approximately l/2 - 3/4 

filled and distilled water will be added to almost fill the can. It will 

then be hermetically sealed on the ship and frozen. 
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In the laboratory, the sediment samples will be defrosted and 

the cans will be shaken in a 11 paint shaker" to dislodge the gases into the 

air space. A measured aliquot of air will then be sampled and injected 

into the gas chromatograph. Peak heights of individual compounds will 

be determined and the amount of individual gases computed. The method 

followed has been described in greater detail in the Annual Report 

{March, 1976). 
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TABLE 1 • H"1WHC METHODOLOGY 

Frozen sediment 
.,_ thaw 

Transfer into precleaned cellulose·thimble .,. 
wash with 150 m1 of org. clean 2 x dist. H20 

. ' Sediment 
I 

Water1 Wash 
Extract with 3 x 100 m1 ..,___ Extr!ct with MeOH 

hexane after diluting ~24 hours 
ExtrJct with 3x30 rn1 

hexane 
with ~ater Extract with Tol :MeOH 
Hexane ext. (A) 76 hr. f {C) (3:7) 

Combine (A), (B) and (C) 
~ 

Rotoevaporate to 5 m1 
.,. 

Test for S 
.,. 

If positive, remove S with Cu column 
.,. 

Transfer to 100 m1 flask 

"' Rotoevaporate to 5 m1 
~ 

I 
Hexane ext. (B) 

Saponify for 4 hrs. with lN KOH in H20:Me0H 
+ 

Bxtract with 3x30 m1 hexane after diluting 
with equal volume of Sat. NaCl. 

Hexane .. I 
(non sap. fr.) 

+ ' 
S. gel column 

I 

Hexane Eluate Hex;:Ben. (3:2) eluate 
Aliphatics Aromatics 

----- .GC------
and 

GCMS 
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VII. Deliverable Products 
A. Digital Data 

1. The following parameters wili be supplied for the measure-
ments which will be made: 

a. Total carbon 
b. Total organic carbon 
c. High molecular weight hydrocarbon 

(1) total weight of extractable lipid 
(2) total weight of aliphatic hydrocarbon 
(3) total weight of aromatic hydrocarbon 
(4) individual parameters for high molecular weight 

hydrocarbons: 

(5) 

i. concentration list of individual HMWHC 
ii. pristane/n-c17 ratio 
iii. phytane/n-c18 ratio 
iv. odd/even c~rbon ratio 

GC-mass spectrometer identified single compounds 
(aliphatic and aromatic) 

d. Concentration list of individual LMWHC 

2. It is impossible to assign specific numbers for the 
parameters, because they depend on the exact components 
identified which may be quite variable from sample-to
sample. 

3. Accuracy of the data will be performed by internal 
checking prior to submission. 

B. Narrative Reports 
All annual and final reports will have a narrative content. 

This will consist of a description of the sam~ling sites, 
the sampling and analytical procedures, the results and 
interpretations. 

C. Visual Data 
Visual data will be submitted in the form of maps, figures 
of gas chromatograms, figures of mass chromatograms, 
figures of data distribution either as linear plots or 
bar diagrams. Maps will be in the form of mylar overlays 
of the standard-maps obtained from OCSEAP~ 
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VIII. Special Sample and Voucher Specimen 

Archival Plans 

When sufficient sediment is available, duplicate samples will be 

call ected for archive. These archive samples will be stored i.n a freezer 

at UCLA for 12 months following the submission of the final report. 

IX. Logistics Requirements 

A. Ship Support 

1. Study areas will be Cook Inlet (April), Norton Sound (June). 
Exact sampling stations will be dete~ined later. 

2. Surface sediment samples wirl be collected at each station 
with a frame-supported Van Veem-type grab sampler or a box 
corer. The Van Veem grab sampler will be used for sampling 
the surface layer of the sediments, while the box corer will 
be used to obtain samples at depth in the sediment. Samples 
for low molecular weight hydrocarbons and high molecular 
weight hydrocarbons will be sealed in tin cans and glass jars 
and frozen until analysis at UCLA. 

3. A minimum of seven (7) days• collection in each area for a 
total of 14 sea days will be required. 

4. Our investigation in site-specific study areas will require 
collection of uncontaminated, undisturbed surface sediments 
and thus will require collection of sediments with our 
frame-supported Van Veem grab sampler or box corer. \~e will 
not use the entire volume of sample collected, hence other 
investigators requiring sediment subsamples (e.g., micro
biology, trace metals) may share the sediment recovered. 
Approximately 3-4 hrs/day will be required for each station. 
There are no requirements for daylight sampling, and pro
cessing time between stations wi 11 ·involve approximately 
2 hours for cleaning of sampling equipment. 

6. We would expect the ship to provide the following equipment: 

{a) An A-frame that can accomodate a sampling device s•x5• 
x 7' high and weighing 1500 lbs (700 kg). 

{b) A winch with a minimum of 500 m of at least 7/16 11 dia
meter cable. 

{c) An operating tensiometer, meters out indicator, and 
rate indicator. 
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(d) 

(e) 

A 12 kHz precision depth recording system and pinger. 

A navigation system such as radar, Loran or other such 
system that meets the requirements set by NOAA for this 
project. 

(f) Labonatory space with at least 10 feet counter space·, 
having at least one sink wjth running water. 

(g) Freezer space of at least 30 cu. ft. 

We would require the ship to provide one winch operator and two 

marine technicians during the sampling operation. 

X.. Anticipated Problems 

We require that the sampler should be stored in a location where 

it will not be contaminated on board the sampling ship. 

XI.· Information Required from Other Investigators 

Data from other investigators ~ not regui red to c~rry out the 

proposed investigation. However, complementary data from other res~ 

earch units e.g., 153, 162, 275, 290 in chemistry and 430, 152 in 

geology.and 5 in benthic biology will be obtained from the Principal 

Investigators for incorporation into our narrative reports. 

XII. Milestone Chart (enclosed). 

XI II. Outlook 

A continuation of this program beyond FY 79 would include: 

A. The nature of the final results and the data products. 
A synthesis of the data on hydrocarbon distribution for the 
Gulf of Alaska, Bering Sea, Beaufort Sea,· Kodiak Shelf, Cook 
Inlet and Norton Sound. This would be. a written report 
evaluating the data from the individual locations, comparing 
the distribution parameters for the various locations and 
interpreting the comparative data. Predictions of oil impacts 
of the various areas could then result. Several publications 
would result from this study. 
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B. Start October 1, 1979 

Draft Report - June. 30, 1980 

· Final Report - September 30, 1980 

C. Cost of Project: $60,000~00 

D. No field work will be carried out for this study. 

XIV. A. Updated milestone charts will be submitted quarterly. A 
schedule for processing and analysis of past year's data 
will be submitted to the Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate 
Project Office during the contract year to be in OCSEAP 
hands by the first day of January, July and October. 
Annual Reports are due by April 1. The Final Report will 
be submitted within 90 days of the expiration·of the 
contract. 

C. At the option of OCSEAP, the PI is prepared to travel to 
the Project Office at least twice during the contract 
year to review project status and progress. Such reviews 
will be scheduled on dates mutually satisfactory to both 
parties. In addition, the PI may be requested to parti-
cipate in program review or synthesis meetings as required. 
It is understood that costs of the travel and per diem 
for these.trips will be borne by OCSEAP. 

D. Data products will be submitted to the Project Data Manager, 
in the form and format specified in Deliverable Products 
Section VII, {A through E). Digital data submissions will 
be accompanied by a Data Documentation Form (NOAA Form 
24-13). ' 

E. Digital Data will be submitted to the Project Data Manager 
within 120 days of the completion of a cruise or three
month data collection period, unless a written waiver has 
oeen received from the Project Office. The NODC Taxo
nomic Code is to be used for biological data submissions. 

F. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA Form 24-23) will be submitted to the Project Data 
Manager. 

G. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
expiration. All new equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable ·and non-expendable equipment 
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purchased with OCSEAP funds. Information will be recorded 
on Form CD-281, "Report of Government Property in Possession-·' 
of Contractor", (copy attached). Updated copies of these 
inventories will be submitted quarterly. 

H. Three (3) copies of all manuscripts for publication or pre
sentation which pertain to technical or scientific material 
developed under OCSEAP funds, will be submitted to the 
appropriate Project Office at least sixty (60) days prior 
to release, for information and for forwarding to BLM. The 
release of such material within a period of less than sixty 
days will be made only with prior written consent of the 
Project Office. News releases will first be cleared with 
the appropriate Project Office. Five copies of all reprints 
which pertain to technical or scientific material developed 
under OCSEAP funds will be submitted to the appropriate 
Project Office when they become available. 

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

11This study was supported by the Bureau of Land Management 
through interagency agreement with the National Oceanic 
and Atmospheric Administration, under which a multi-year 
program responding to needs of petroleum development of 
the Alaskan continental shelf is managed by the Outer 
Continental Shelf Environmental Assessment Program (OCSEAP) 
Office". 

254 

l 



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

Benthic Sediments 

(a) HMWHC 

{b) LMWHC 

N 
V1 
V1 

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

cards 

cards 

Estimated 
Volume 
(Volume of 
processed data) 

'DATA PRODUCTS SCHEDULE 

OCSEAP 
format 
(If.known) 

044 

043 

Processing and 
Formating done 
by Project 
(Yea or No) · 

yes 

yes 

Collection 
Period 

(Month/Year to 'Honth/Year) 

Apr. '79- June,'79 

Apr. '79·- June, '79 

Subm!ssi 
(Honth/Y 

.Oct. 1979 

Oct. 1979 



MILESTONE CHART 

~u o _4a;;.;o;.__ __ PI: I .R. Kaplan 

Hajor Milestones: Reporting, and other significant 
contractual requirements; periods of field work; workshops; etc. 

1979 

0 - Planned Completion Dnte 

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

MAJOR MILESTONES 
1978 

0 N D J F M A M J J· A S 0 N D 

FIELD SAMPLING 0 0 

I') SAHPLE ANALYSIS & PROCESSING 
Ln 

a- QUARTERLY REPORTS 0 0 ; ________________ ,_ __ ,_, __ ..._ ______________ ,_, __ ,_,------------..-.~o~------~0~-------------------
ANNUAL REPORT 0 

FINAL REPORT 0 
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TECHNICAL PROPOSAL 

A. Title: Part I. Evaluation of Earthquake Activity Around Norton and 
Kotzebue Sounds 

Part II. Seismic Attenuation Studies for Beaufort Sea Area 
B. Research Unit Number: 483 
C. Contract Number: 03-5-022-55 
D. Proposed Dates of Contract: October 1, 1978- September 30, 1979 

II. Principal Investigator(s) 

A. N. N. Biswas 
B. L. D. Gedney 

III. Cost of Proposal Federal Fiscal Year 1979 

A. Science: 

B. P. I. Provided Logistics: 

C. Total: Part I. $117,718 
Part II. $ 26,692 

D. Distribution of effort by lease area: 

l. Aleutians 
2. Beaufort Sea 100% Part II 
3. Bristol Bay 
4. Chukchi Sea 
5. Kodiak 
6. Lower Cook Inlet 
7. NEGOA 
8. Norton Sound 50% Part I 
9. St. George Basin 

10. Non-lease area laboratory management 
11. Kotzebue Sound 50% Part I 
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IV. Background 

A six-station seismographic network was installed around Norton and 

Kotzebue Sounds during August and September of 1976 with OCS support. 

The new network was supplemented by two stations, one at Granite Mountain 

and the other at Tatalina, operated by NOAA in western Alaska. These two stations 

are a part of the Alaska Tsunami Warning network. The layout of the 

network, including the NOAA stations, are shown by triangles in Fig. 1. The 

station at Savoonga on St. Lawrence Island was not installed until the 

1977 field season because, despite assurances from RCA, the microwave 

link from Savoonga to Nome ~ould not be provided in 1976. The signal is 

presently being transmitted via satellite. 

Although the network became operational in November and December of 

1976, intermittent deteriorati.on.of the signal quality for some stations 

continued throughout the early part of 1977. These problems were fully 

resolved during the field season of that year when the Savoonga station 

was installed. Therefore, reliable data of good quality have been 

received without notable interruption only since July of 1977. 

Tectonically, the study area lies about 500 km to the northwest of 

the nearest zone of lithospheric plate convergence in central Alaska. 

Because of this, we would normally expect the area to experience a low 

level of seismic activity. This is not the case; the Alaska earthquake 

catalog shows that a number of earthquakes in the magnitude 5-6.5 range 

have occurred in the area of interest during the last 50 years. Of 

necessity, these earthquakes had to be located by teleseismic networks 

around the world because, for the most part, seismographic coverage in 

Alaska was minimal or nonexistent. 
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Relatively large intraplate earthquakes such as these suggest that 

the crustal (and possibly sub-crustal) layers underlying western Alaska 

are in a state of relatively higher stress than would be expected in 

such a teritonic setting, and that these stresses are periodically released 

in the form of earthquakes, ~orne of which are signific~nt in size. 

Lesser levels of seismicity could not hitherto be detected, because of 

the remoteness of the area from seismographic monitoring equipment. 

Further, the accuracy of epicentral locations in existing earthquake 

catalogs, based on world-wide stations, is insufficient to permit the 

delineation of specific seismic zones, a factor of immediate concern to 

OCSEAP studies. 

We briefly review below the nature of the spatial distribution of 

seismicity revealed from the analysis of the past and present data. 

Figure 1 shows the locations of all earthquakes of magnitude (mb) 

4.0 or above which were located in the study area prior to 1976; 

magnitudes are given in parentheses. It can be seen that the :largest 

earthquake to be instrumentally located during the past 27 years was of 

magnitude 6.5. This occurred about 30 km inland from the northern 

boundary of Norton Sound. It was followed by earthquakes of magnitude 

6.0 (1964), 6.0 (1965) and 5.2 (1966) which were located, respectively, 

about 60 km, 40 km, and 15 km inland from Port Clarence, Norton Bay, and 

Hotham Inlet in Kotzebue Sound. Since all these areas are thinly populated, 

the seismic impact of these earthquakes passed largely undocumented. 

Further, the past data reveal a lineal epicentral zone, about 100 km 

long, trending NW-SE near 66°N, 156°W. 
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The data collected by the local network for the period December, 

1976 through December, 1977 have now been computer-processed. In the 

initial computer runs, all focal parameters were allowed to vary. The 

results indicated that focal depths ranged from near-surface to about 

20 km. In subsequent runs, focal depths were constrained to 10 km to 

eliminate one degree of freedom in the sol~tion. The epicentral locations 

thus obtained are shown in Figure 2, and the mapped structural elements 

of·the area are shown in Figure 3. 

Comparison of Figures 2 and 3 reveals a number of interesting 

characteristics. First, the earthquake cluster labelled A closely· 

follows the onshore mapped trace of the Kaltag fault (not shown in Fig. 

3). The cluster l_abelled B2 .. coincides with that of e1 of Figure 1. The 

cluster c2 traverses the epicentral area of the magnitude 6.5 earthquake 

of 1950 in a north~south direction. Also, this cluster closely follows 

the trace of the fault sys.tem passing through the eastern part of block 

c2 in Figure 3. Further, cluster o2 lies within block 01 of Figure 3, 

which also in"cludes a well-defined fault system. To the west, a number 

of earthquaKes were located both onshore and offshore during 1977 around 
. . . . . 

the site of the magnitude 6.0 earthquake near Port Clarence in 1964. 

Comparison of Figures 1 and 2 reveals how little was known of the 

actual seismicity of the area during the earlier years, it being possible 

to locate only the larger events. A broad correlation between the 

locations of earthquakes and faults is beginning to emerge from the 

present data set", even though it represents only a relatively brief 

period of time. This is particularly true in blocks A, B2, c2, and 02 
in Figures 2 and 3. This implies that, in general, the mapped faults in 

the area are tectonically quite active. Although the scatter of epicenters 
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around Norton and Kotzebue Sounds and near Port Clarence is somewhat 

diffuse, this is likely to be due in large part to uncertainties in epicentral 

location. 

In addition to the results concerning the seismicity summarized 

above, the Kotzebue station of the network recorded three swarms of 

icequakes. To improve the recording capability of icequakes, the above 

station was converted from a one (vertical) component to three-component 

(vertical, north-south and east-west) station during the 1977 field 

season. Th.e two hotizontal sensors, unfortunately, went off level with 

ground freeze-up. This unusual change in ground level appears to be due 

to surface proximity of the permafrost in Kotzebue area. We have carried 

out experiments during the winter months of 1978 at Fairbanks to over

come the above levelling difficulty,which is described in Section VI. 

The results of this study, besides providing the nature of the 

seismicity for the area of interest, would be utilized to identify the 

level of activity along the offshore faults. The location and trend of 

these faults are now being investigated by marine seismic reflection and 

refraction surveys by OCSEAP investigators of Research Unit No. 429 .• 
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V. Objectives 

It is planned to continue using the data from the local high reso-

lution seismographic network to address the following problems: 

(i) The spatial and temporal characteristics of seismicity in the 

study area and its relationship to mapped tectonic features. 

(ii) The predominant failure mechanisms associated with earthquakes 

located along or near known geologic features or trends. 

(iii) Characteristics of seismic energy attenuation as functions 

of epicentral distance. 

(iv) Strain release patterns exhibited by the larger earthquakes 

for use in projections as to possible activity in the future. 

(v) The elasti~ moduli of landfast ice sheets from the analysis 

of icequake data. 

Answers to items (i) through (iv) are essential for a reasonable 

assessment of seismic hazards in a given area. Item (v) is essentially 

a feasibility study. If successful, the results should significantly. 

add to the knowledge of sea ice properties presently gained by in situ 

measurements. 

The summary of current observations, given in Section IV, leads to 

a number of specific questions under the broad definition of objectives 

outlined above. For instance, how far offshore do the active faults 

extend which are identified by onshore epicentral clustering? Does the 

offshore segment of the Kaltag fault mapped from marine geophysical 

evidence (Nelson, et al., 1974),exhibit present-day activity? Are the 

epicenters located around Port Clarence related to the east-west trending 

f~ult mapped through this area? To what extent do location uncertainties 

contribute to the apparent diffuseness in the spatial distribution of 
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epicenters located in Norton and Kotzebue Sounds? What are the seismic 

implications of the Kotzebue arch (Eittreim, et al., in press) and the 

shallow and deep faults (Johnson and Holmes, 1977) mapped in Norton 

Sound by ~eophysical methods? What is the predominant sense of motion 

along major mapped faults in the onshore and offshore areas? What is 

the regional orien~~tion of the principal stress axes, and how do they 

relate to the orientation of ex1~ting large faults? What is the maximum 

magnitude of earthquakes that might be expected in the area, particularly 

offshore, and what are the seismic wave energy attenuation characteristics 

of the offshore geologic sections? 

Answers to these questions are fundamental for the seismic hazard 

evaluation of the study area. Although the list of problems is long, 

the solutions are easily tractable, provided a reliable data base can be 

compiled. It should be pointed out that, by the end of 1978, we will be 

able to gather and analyze an additional eight months of data. This 

will allow us to refine some of the results presented in Figure 2. 

We intend to continue the present research effort by examining the 

relationships in spatial distribution between seismicity and active 

faults, with at least one goal being a possible interpretation of off

shore earthquakes as being products of offshore extensions of faults 

presently mapped inland. Figure 2 demonstrates that, at least in some 

cases, such an onshore correlation of faults and earthquakes is reasonable, 

even at this early stage of the study. For more definitive studies in 

the future, however, we intend to project, onto a common base, all the 

available geological and geophysical data available for the area. The 

digitization of major structural elements of the area is already in 

progress. The necessary computer programs for unified projections were 
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developed during FY 76, 77 and early part of 78 and are now cataloged on 

the University computer· for routine use. 

We intend to investigate the uncertainties in hypocenter locations 

to which we have attributed the large scatter seen in Figure 2. Thi.s 

will be done by comparing variations in solution quality parameters 6ee 

Secion VIII) from event to event. Focal mechanism studies, and the 

problem of resolving the orientation of the principal stress axes, will 

be addressed by preparing composite mechanism solutions for each ,cluster 

or trend of epicenters utilizing first-motion P-Wave data. The study of 

source mechanisms for larger events, particularly those occurring during 

the l960 1 s, is in progress. Data on 35 mm film from world-wide stations 

have been acquired from the Geophysical Data Center in Boulder, Colorado, 

for this purpose. 

It has been stated that the stations were calibrated during the 

field season of 1977. However, it has been necessary to change system 

magnifications from time to time at the receiving end to reduce background 

noise due to high wind and surf, or other local conditions. Incorporating 

these changes, local magnitude computations (ML) are in progress for the 

1977 events. During the 1978 field season, system calibrations will be 

rechecked. With this reliable level of calibration, it should be possible 

to obtain the attenuation properties for the geological formations of 

Norton and Kotzebue Sounds to within adequate levels of precision. 

The primary thrust of the present study is to provide reliable 

seismic information for the synthesis of geohazards for the area of 

interest. This is of immediate concern to OCSEAP since the geGlogic setting, 

particularly of the offshore parts, has attractive hydrocarbon potentials. 

Large scale geophysical exploration and eventual development of commercial 
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hydrocarbon deposits are a certainty in the near future. Consequently, 

the present study is a logical undertaking. However, in order to fulfill 

the research objectives outlined in this proposal, the importance of the 

continued operation of the current seismographic network in western 

Alaska cannot be overemphasized. We wish to point out that, from our 

past and present experience in dealing with seismic hazard evaluations 

in other parts of the state, and from similar studies for areas outside 

Alaska appearing in the literature, the conclusions derived from a local 

data base of'relatively short length have large uncertainties. It is the 

intent of the present study to avoid a similar shortcoming by assuring 

that an adequate data base is established. 
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VI. General Strategy and Approach: 

a) Data Telemetry and Recording 

The study area is relatively large, extending about 1800 km 

in an east-west direction, and about 700 km from north to south. Initially, 

the most economical method of operation,providing adequate seismographic 

coverage,appeared to be to spend as little as possible on new equipment, and to 

telemeter all signals on a single leased line to Fairbanks. Here, they could 

be recorded at the Geophysical Institute on the same gear being used to record 

data from the other Alaskan networks. At the time, this was the most economical 

method. However due to a recent (May, 1978) rate increase of 87% in line lease 

charges, this method no longer appears to be cost-effective. Rather, we 

feel that a better way would be to record the data on magnetic tape at Nome, 

thereby eliminating the longest segment of the microwave circuit, from Nome to 

Fairbanks. 

The sugg~sted change would necessitate the one-time acquisition of 

additional recording and playback equipment. The cost would be more than offset 

by savings realized in not having to pay the line charges between Nome and 

Fairbanks, which would otherwise be the single most expensive item in the 

budget, and would provide no tangible benefits to the project. Costs of 

operating the proposed new r~cording and playback equipment would be 

essentially nil after initial acquisition, and the equipment would be available 

for use in further studies in the years ahead. Details of equipment expenses 

are given in the Cost Proposal of Section 4. 

The studies of ice quakes were interrupted due to the malfunction 

of the horizontal seismometers as mentioned before. To remedy the existing 

problem, the field tests of a new type of seismometer (Geotech S-500) has been 
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completed with satisfactory results. Arrangement to replace the existing 

three sensors at Kotzebue wi.th the new ones (non-sensitive to seasonal ground 

change over a large range) are in progress. 

b) System Response 

All the stations of the network were calibrated over a wide frequency 

band (0. 1Hz to 20 Hz) during the field season of 1977. This was done by exciting 

. the sensor by sinusoids (frequency calibrated function generator) of known 

frequencies and constant current through the cal-coil. The output of the 

main-coil after amplification (known decibel setting) was recorded at the 

field site. The same signal was telemetered via microwave to the central 

recording site at Fairbanks and recorded simultaneously with the recording 

at the field site. This was done to find the signal modulations, if any, 

caused by the long microwave link used in this study. 

The difference between the results obtained for the data collected at 

the field and central recording sites was found insignifican~ thereby asserting 

the reliability of the magnitude determination from the recorded traces. The 

peak magnifications for the stations were set in the range of 0.1 x 106 to 8.5 x 106, 

depending on the microseismil= background of the station sites. This range 

corresponds to a local event detection capability of approximately ML ~ 1.0 for 

the network as a whole. 
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VII. Sampling Methods 

Telemetered data from the network are presently being recorded in 

analog form in real time on 16 mm film by Geotech Develocorder at the 

Geophysical Institute•s seismology laboratory. 24 hours of recording 

produces a film roll 160 feet in length. These are scaled for first-arrival 

times of P-waves, and whenever possible, for.S-wave phases as well. For 

purposes of computing magnitudes, maximum peak-to-peak amplitudes of the 

wave train are also measured. These raw data are punched on cards according 

to a specified format for computer input. 

Since we do not anticipate a major structural transition from central 

Alaska westward into the Seward Peninsula region, we are using the structural 

model developed for the Alaskan Interior in locating earthquak.es in the 

present study area. This velocity model is based on travel-time data 

obtained from quarry blasts and earthquakes, and is given in Table 1. It is 

necessary to more closely investigate similarities or disparities between the 

two areas, however, and this matter is presently being studied with partial 

support from the National Science Foundation. 

The P and S-wave velocities for Arctic pack ice are available from field 

measurements (Press, 1966). With these values and the arrival time and amplitude of 

different wave phases, we would be able to locate the position of the sources 

of icequake with reasonable precision. 

Table 1. 

Crust and Upper Mantle P-wave Velocity Model 
Used in the Hypocenter Location Computer Program 

Depth 
(km) 

0 
24.4 
40.1 
75.7 

300.7 
544.8 
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Velocity 
( km/sec) 

5.9 
7.4 
7.9 
8.29 

10.39 
12.58 
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VIII. Analytical Methods: 

The computer program (HYPO 73, Lee and Lahr, 1975) used to compute hypocenter 

parameters is the same as that utilized in processing earthquakes located by 

the other Alaska networks to maintain internal consistency in hypocentral para

meters. This program minimizes the differences between observed and theoretical 

P-wave arrival times at the various stations by a weighted least-square method. 

The quality of the focal solution determined from the following parameters: 

a) Number of station readings used to locate a given earthquake (NO). 

b) Maximum distance in km of the nearest station from the epicenter (DMIN). 

c) Maximum azimuthal separation betweeen stations (GAP). 

d) Standard deviation of travel-time residuals (RMS). 

e) Standard error in hypocentral depth estimates (ERZ). 

f) Standard error in epicentral location (ERH). 

The quantities under e) and f) are not computed if less than four station 

readings are used for the location. Traditionally, the accurracy in locations 

for a network is best estimated by either locating quarry blasts or by comparing 

the locations of aftershocks determined by portable seismographs in the epicentral 

area of larger shocks with epicenters determined by the network. Neither of these 

two methods would be applicable for this study. However, from a closer study of the 

range of variations for the parmeters from a) to f), it would be possible 

to estimate the uncertainties in the locations of the events. 

For routine location purposes, the output of an initial computer run is 

checked for scaling or other human errors. The output of the final run, in 

addition to being in list form, can be obtained on cards or magnetic tape 

which can easily be supplied to the OSCEAP office. 

Concerning icequakes, it is planned to compute synthetic seismograms for 

two-layer over a half space. In this model, a layer of sea ice lies over a 
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layer of sea water which in turn lies over a solid layer (perfectly elastic) of 

infinite extent. The elastic moduli of the ice sheet will be derived by 

comparing observed and computed seismograms for the above geometry with specified 

source, essentially by perturbation technique. 

IX. Deliverable Products 

Primary data products to result from this project will be earthquake 

catalogues for the area of interest. The catalogue will list chronologically 

the date, origin time, epicenter location, focal depth, local magnitude (ML) and 

solution quality given by parameters listed in Section VIII for each earthquake. 

The final catalogue will be prepared for basic seismological studies and for 

transmittal to OCSEAP on magnetic tape in the same format as used by other 

Alaskan seismicity programs. 

In addition to the preparation of earthquake catalogues, the relationships 

between the spatial distribution of epicenters,·comparable focal mechanism 

solutions for specific zones and other geophysical and geological feature will 

be presented in the form of maps. Also, seismic parameters like b-slooe. ~nergy 

release and attenuation properties of the subsurface formations will be given 

in the form of graphics and tables. 

X. Quality Assurance Plan 

The calibration of the seismographic network is given in Section VI and the 

quality of the focal parameters computed for each earthquake is discussed in 

Section VIII. 

XI. Special Sample and Voucher Sepciman Archival Plans 

N/A. 
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C. AIRCRAFT SUPPORT - UELICOPTER. 

l. Delineate proposed transacts and/or station scheme on a chart of the ·area. 
(Nota: If flights are for transport of personnel or equipment only from·base 
camps to field camps and visa versa, chart submission is not necessary but 
origin and destination points should· be listed). · 

Nome to Anvi 1 ~1ountai n Nome to North River Nome to Kotzebue 
Nome to Tin Cjty Nome to Davil Mountain 

2. Describe types of observations to be made. 
Service instrumentation, and if necessary, replace components and batteries 

3. What is the optimum time chronology of observations on a seasonal basis and what 
is th~ maximum allowable departure from these opt!Qum times? 

N/A 

4. How many days of helicopter operations are required and how many flight hours 
per day? 7 days, 4 hrs/day 

Total flight hours? 28 

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

2 

6. lihat are the ~veights and dimensions of equipment or supplies to be transported? 
Approximately 300 lbs, 2' x 2' x 2' 

7. ifuat type of helicopter do you reommend for your operations and ~vhy? 
Bell ·Jet Ranger, 2-66. We have had good experience with this aircraft on 
emplacing similar installations 

8. Do you recommend a particular source for the helicopter? If "yes", please name 
the source and the reason for your reco~endation. 

No 

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

10. m1ere dp you reommend that flights be staged from? 

r~ome 

ll. \.J'ill special navi~ation nnd conununic<ltions be required? 
No 
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D. QUARTERS AL'ID SUBSISTENCE SUPPORT 

1. \n1at are your requirements for quarters and subsistence in th~ field area? 
(These requirements should be broken do~m by (a) location, (b) calendar period, 
(c) number of personnel per day and.total man dayz per period). 

For maintenance and servicing the station sites, we estimate that 8 man-days will 
be required during the project period. lve project two personnel will ·made the trip(s) 
and they will be based in Nome. 

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

3. 

E. 

l. 

No 

lVhat is your estimated per man day cost for this support at each locationZ 
$65/day 

How did you derive this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to establish and maintain a field 
camp? 

From the past experience in maintaining the seismographic network in the study area 

SPECIAL LOGISTICS PROBL~~ 

tVhat special .logistics problems do you anticipate under your proposal and hotv 
do you propose that the problems be solved? (Provide cost estimates and in
dicate whether you propose handling the problems yourself or ~nether you must 
depend on NOAA to solve them for you? 

None 
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XIII. Anticipated Problems 

t~one. 

XIV. Information Required from Other Investigators 

During review and synthesis meetings, relevant information from other 

research units are gathered by the P.I. 

XV. Management Plan 

a. The 3-component (vertical, east-west and north-south) station at 

Kotzebue, primarily installed to study icequakes will be upgraded by replacing 

existing seismometers by .Geotech S-500 model. This is anticipated to resolve the 

past problem completely. 

b. The stations of the seismographic network have been operatina witho11t any 

interruption since August, 1977. From the experience gained to this date, we will 

be able to main~in this successful level of operation without any difficulty. 

c. vJe intend to locate the recording site at Nome in the .Community College. 

This College is a part of the University of Alaska and has several technically 

qualified faculty members. It is anticipated that in cooperation with them, the 

magentic tape recorder can be operated there without any difficulty. Arrangements 

will ·be m~de to ship the tape on a weekly basis. 

d. The magentic tape playback unit that. we intend to acquire is hiahly. aut~ated. 

This will allow us to maintain daily routine data scaling up to date. 

e. The computer program is thoroughly tested. The daily data processing 

schedule is maintained without any difficulty. 

f. The format of providing data to OCSEAP has been standardized. The results 

are transferred on magnetic tape as a routine operation for storage or transmittal 

to interested organizations. 
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XVII. CONTRACTUAL STATEMENTS: 

1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year 1 s 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during. the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report willbe submitted within 90 days of the 
expiratiqn of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such 
reviews will be scheduled on dates mutually satisfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

- . 
5. Data will be provided in the form and format specified by · 

OCSEAP, accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 .days of the completion of a 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U. s. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded 
as shown on form CD-281, "Report of Government Property in 
Possession of Contractor11 (copy attached). Updated copies 
of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or sci.entific 
material developed under OCSEAP funds will be submitted to 
the appropriate Project Office at least sixty (60) days 
prior to release, for information and for forwarding to BLM. 
The release of such material within a period of less than 
sixty (60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 
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10. All publications and presentations of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgment is standard: 

"This study was supported by the Bureau of Land 
Management through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
under which a multi-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." 

280 



I. 

GI 78-102 

TECHNICAL PROPOSAL 

A. Title: Part I. Evaluation of Earthquake Activity Around Norton and 
Kotzebue Sounds 

Part II. Seismic Attenuation· Studies for Beaufort Sea Area 
B. Research Unit Number: . 483 
C. Contract Number: 03-5-022-55 
D. Proposed Dates of Contract: October 1, 1978- September 30, 1979 

II. Principal Investigator(s) 

A. N. N. Biswas 
B. L. D. Gedney 

III. Cost of Proposal Federal Fiscal Year 1979 

A. Science: 

B. P. I. Provided Logistics: 

C. Total: Part I. $119,718 
Part II. $ 26,692 

D. Distribution of effort by lease area: 

1. Aleutians 
2. Beaufort Sea 100% Part II 
3. Bristol Bay 
4. Chukchi Sea 
5. Kodiak 
6. Lower Cook Inlet 
7. NEGOA 
8. Norton Sound 50% Part I 
9. St. George Basin 

10. Non-lease area laboratory management 
11. Kotzebue Sound 50% Part I 
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IV. BACKGROUND 

A four-station seismographic network was installed around Barter Island 

during August and September of 1975 with U.S. Geological .Survey support. In 

addition, we have received OCS support to service the stations during the 

field seasons. The layout of the network, including those stations located 

around Fort Yukon is shown in Figure 1. 

The primary purpose for the installation of the network was to investigate 

the level of seismicity. This is because data products from a number of 

agencies, foreign and domestic, have noted a seismic zone near Barter Island 

on the eastern part of the Beaufort Se~ during the years prior to 1968. This 

zone appeared to be separated from the central Alaska seismic region by an 

aseismic zone trending approximately through the eastern Brooks Range. In 

addition, past data show a virtual absence of seismic activity west of approxi

mately 152°W in the northern latitudes of the state. 

The results obtained since the inception of the present study have shown 

(Gedney et al., 1977; Biswas et al., 1977) that the above zone is actually 

on a northward extension of the central Alaska zone of shallow seismicity. 

Earthquakes in the latter zone are thought to be a direct consequence of plate 

subduction, where the north Pacific lithospheric plate underthrusts Alaska, 

a phenomenon traceable as far north from the coast as the area around McKinley 

National Park. It is difficult, however, to invoke this phenomenon as 

being the immediate cause of earthquakes in northeast Alaska, which is more 

than 400 km distant from the Alaskan subduction zone. It thus appears that 

a more indirect association must be at work relating the activity of the 

two seismic regimes,which are generally contiguous in extent and contemporaneous 

in time. 
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Figure 1. Locations of seismographic stations (~) in northeast Alaska 
and epicenters (+) of earthquakes located from 1968 through 
1975 in tne same area. 
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The largest earthquake reliably recorded in northeast Alaska during 

the past decade had a magnitude (ML) of 5.3 and was located about 30 km 

north of Barter Island on the Beaufort Sea shelf. Since the emplacement 

of the local seismographic network, however, we have found that a great 

many more earthquakes,over a wider magnitude range,occur here than.~arlier 

data have revealed. During a two-year recording period (1976-77), ·locatable 
'' 

events ranged approximately in magnitude fro~ 1.0 to 4.0, and.m?ny others 

occurred which were non-locatable due to equipment outages or low magnitude. 

To relate the epicentral locations determined in this study to known 

tectonic elements, all ear.thquakes are plotted on an overlay of structural 

trends (Figure 3, Grantz et al., 19?6) of the study area in Figure 2. The 

offshore traces.of these structures were mapped by the above authors using 

marine geophysical. methods.· 

In the offshore area·, the ·p.rimary epicentral. concentration is that 

resufting from a magnitude 5.3 earthquake in 1968 and its aftershocks. 

The onshore distribution illustrates the extent of the active seismic zone, . . . 

and ho'l( it merges smoothly with that of central Alaska. Besides these, 

a generai northeast-southwest trend can be discerned, particularly north 

of 68° latitude. In the offshore area, these earthquakes tend to concentrate 

along the axes of synclines and anticlines. Between 68° and 70° the primary 

concentration parallels, approximately, the interface between the Colville 

geosyncline and the Romanzof Mountains. In these areas of known large-

scale faulting, such as those in the Romanzof Mountains and the Brooks Range, 

the occurrences of earthquakes can be more readily interpreted. 

For an earthquake in the ·eastern ·part of the study area (Yukon Territory, 

Canada), Leblanc and Wetmiller (1974) pre~ented a fa~lt plane solution which 

showed a principal horizontal compressive stress in a WNW-ESE d·irection. 
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Figure 2.' Spatial distribution of epicenters (+) of earthquakes and geologic 
strucural trends in northeast Alaska. -
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This is probably representative of the general direction of compressive 

stress in the North American plate in that area. West of here, in central 

Alaska, results of various studies as summarized by Bhattacharya ~nd Biswas 

(1978) indicate a predominant northwest-southeast direction to this axis. 

Translating these two principal stress directions into the study.area; it 

may be suggested that the area is under continuous compressive stress in an 

approximate WNW-ESE direction. The very orientation of the structural elements 

in northeast Alaska seems to substantitate this interpretation. Currently, 

the primary sources of stress released in the area appear to be associated 

with the mapped thrust faults along topographic highs, and along strike~slip 

faults, particularly the Porcupine fault and the Kobuk trench in lowlands 

on the south of the Brooks Range. 

V. OBJECTIVES 

The discussions of ·the previous section summarizes the trend of the 

seismic zone in northeast Alaska. One of the important features of this 

trend is that the interface between the Colville geosyncline and Brooks Range 

is a major seismotectonic boundary, a boundary which separates an aseismic 

zone on the north from the active Alaskan seismic zone on the south. However, 

concerning seismic hazards, an answer to the following question is important: 

What level of ground motion can be expected from a shallow earthquake (focal 

depth < 20 km) of maximum magnitude of 6.0 located a few hundred kilometers 

to the east of the proposed lease sale areas on the Beaufort Sea shelf? The 

answer to this question will be an integral part Jf the design criteria of 

offshore engineering structures. In order to answer this question, an 

estimation of the following two parameters is essential: 
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(a) Predominant failure mechanisms associated with earthquakes located 

in the area. 

(b) The attenuation of the wave energy as a function of distance from 

the epicentral region. 

From the available data, we will be able to find an answer to the first 

point. The study ofthe focal mechanism of the 1968 (ML = 5.3) earthquake from 

global data is in progress. Regarding the second point, we note that the 

type of sediment distributed on the Beaufort Sea shelf is also present for 

some distance.inland around Prudhoe Bay. This is shown by the line ABC 

in Figure 3. Thus, a measurement of the variations of wave amplitude as a 

function of epicentral distances in the onshore area around Prudhoe Bay 

should be equally valid for the shelf area. 

VI. GENERAL STRATEGY AND APPROACH 

It is proposed to relocate the four-station Barter Island array further 

west and immediately south of Prudhoe Bay. These four stations will be 

distributed on the circumference of a circle with a fifth station as the 

recording site at the center of the circle. The radius of the circle will 

be chosen to provide adequate coverage of the sedimentary section bounded on 

the south by the line ABC in Figure 3. 

From the four distant stations, the data will be telemetered by using 

the existing VHF transmitter-receiver pairs to the recording site. The data 

will be recorded locally on magnetic tape; the time code will be recorded on a 

separate channel. The same tape playback unit as we propose to use for 

treatment of the data from the western Alaskan seismographical network will be 

uti 1 ized. 

287 

II 
:f 
il 
:' 



N 
00 
00 

Figure 3. 

I' ' 

E.!!! 
1
8CAifit"fiM 

··~·· . 
! .. ~ -. 

•• 
~ 
...... "' • ..... ' 
-~.~ 1

.:.::-u 
"...,.,. 0 
...... , ........ .,' 

...... fM 
.... IMI'I.tl 

-111#·........ .... , .. 

Geologic Structural map of northern Alaska aild 
adjoining areas (Grantz et al .• 1976). 



GI 78-102 

VII. Sampling Methods 

As mentioned in the ear 1 i er section, the data wi 11 be recorded 1 oca 11 y 

from a net~ork of circular layout. The duration of recording will be of the 

order of 3 to 4 months.· During the first half of this period, the outer 

stationson the circumference of the circle will be emplaced in the north

south and east-west directions. .During the latter part, the same stations 

will be moved to provide coverage in the northwest-southeast and r.ortheast

southwest directions, keeping the central station fixed. This will permit 

the detection and measurement of any lateral heterogeneity, if it. exists. 

The frequency ofoccurrence of earthquakes within the network further 

south around Fort Yukon (Figure 1) is relatively high. Moreover, with the 

existing geometry of this network, the earthquakes can·be located with 

reasonable precision. Using these earthquakes. as an energy source, we intend 

to derive the attenuation properties of the geologic sections of interest by 

intrastation methods. ·The time period of recording appears sufficient to 

achieve the objectives of this study. 

Since the cost of maintaining the Fort Yukon ar~ay is not a part of this 

proposal, its retention as part of the existing seismographic coverage can 

be justified only if the proposed atte·nuation study around Prudhoe Bay is 

approved. It should be pointed out at this.stage that, once the stations of 

the array are moved out, it would be difficult, and at the same time cost

ineffective, in attempting to do any seismological research at later dates 

for such a .remote area. 
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VII. ANALYTICAL METHOD 

For two detectors, located in the same azimuth with respect to the source, 

the recorded traces for a given wave phase maybe expressed as: 

A ( r 1 , t ) = F 1 ( x) F 2 ( t) I 1 ( t) exp [i (k r 1 - wt 1 ) ] 

A(r2, 1:) = F1(x) F2(t) I2(f) exp [i(kr
2 

- wt2)] 

(1) 

(2) 

where A(r1 ,2• t) are the seismograms obtained at distances r1 and r2 from 

the source, F1(x) and F2(t) are the source time and space functions and 

I1(t) and I2(t) are the instrument response characteristics at r1 and r2, 

respectively. ~ is the wave number, w the angular frequency and t 1 and t 2 

are, respectively, the travel times from source to the receivers. 

In Eq. (1) and (2), the source functions (F) are common as the detectors 

are located in the source azimuth. Also, if we use identical detectors, we 

have 

I1Ct) = I2(t) = I(t) (3) 

Since k is a complex quantity, we can expres it as 

k= cr + ie (4) 

In Eq. ( 4), the rea 1 part of ~ i.e. , cr represents the decay of amp 1 i tude 

(: energy) as a function of distance r, since substituting Eq. (4) in 

Eqs. (1) and (2), we get 
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A(r1,t) = F1(x) F2(t) r(t) exp (-or1) exp [i(gr1 - wt1)J (5) 

A(r2,t) = F1(x) F2(t) I(t) exp (-or2) exp [i(gr2 - wt2)] (6) 

It may be noted in Eqs. (5) and (6) that the quantit:ies in square brackets 

represent the phases of the particular wave. 

Taking the logarithm of the ratio of the modulus of Eqs. (5) and (6), 

we get 

cr = {r
2 

~ rl) ln [IA(r1 t)l/ IA(r2 tll. J (7) 

It maybe noted in Eq. (4) that k is a function of frequency (w) and so are 

q and s. Thus, if we take the amplitude spectrum of the seismograms recorded 

at r1 and r2, Eq. (7) becomes 

cr(w) = {r
2 

~ rl) ln [ 1A(r1, w) ( lA (r2, w) 1] (8) 

In Eq. (S),.cr(w) represnts the coefficient of attenuation and may be expressed 

in unit of dB/km. 

The experimental setup described in earlier sections permits us to 

compute the quantity on the r. h. ~- of Eq. ( 8) from the i ntrastat ions observed 

data ·and thus to determineq. The tape recorded analog data will be digitized 

at ~losed intervals and then Fourier analysed to obtain the amplitude spectra 

in this study. 

291 



·' 
,;1' 

'I' I 

" 
' 

IX. DELIVERABLE PRODUCTS 

A. Digital Data 

The digitized seismograms will be stored on magnetic tape. 

B. Narrative Reports 

GI 78-102 

The recorded data quality, method of data reduction and analysis and 

the results will be presented in a report form. 

C. Visual Data 

(1) Earthquake list to be used to study the attenuation coefficient. 

(2) Amplitude spectra in graphical form. 
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X. QUALITY ASSURANCE PLAN 

(i) The study will be based on the relative amplitude data obtained 

by the different stations of the network. This will demand to 

operate the stations as well calibrated throughout. Since the seismology 

laboratory of the Geophysical Institute is well equipped with 

portable equipment for the calibration purposes, we will be able 

to achieve the above objective without any difficulty. 

(ii) The analysis will be carried out in frequency domain. This will 

require digitization of the analog records. The Geophysical 

Institute is well equipped for this purpose. 

(iii) For spectral analysis, we will be using standard FFT computer program. 

During other seismological studies, one version of this program has 

been checked for well defined functions. The program is now 

catalogued on the University computer for routine use. 

XI. SPECIAL SAMPLE AND VOUCHER SPEICMEN ARCHIVAL PLANS 

None. 

XII. LOGISTICS REQUIREMENTS 

see attached forms 

. XIII. ANTICIPATED PROBLEMS· 

None. 
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2. 

3. 

AIR.CitAI:o'T SUPPORT - HELICOPTER 

Delineate proposed transects and/or station scheme on a chart of the area. 
(Note: If flights are for transport of p~rsonnel or equipment only from base 
camps to field camps and visa versa, chart submission is not: necessary but: 
origin and destination points should·be listed). 
From Prudhoe Bay to 8 remote location,s around it; each location is about 150 miles 
from the origin point. 

Describe types of observations t:o be made. 

To install temporary remote seismographic stations. 

What is the optimum time chronology of observations on a seasonal basis and what 
is the maximum allowable departure from these opt!Qum times~ 
N/A 

4. How many days of helicopter operations are required and how many flight hours 
per day? 
6 days, 4hr/day 
Total flight hours? 
24' 

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

2 

6. 1-lhat are the \V'eights and dimensions of equipment or supplies to be tra11sported'? 
approximately 300 lbs, 2' x 2' x 2' 

7. 

B. 

lfuat type of helicopter do you reommend for your operations and why? 
Bell Jet Ranger, 206B. Have good experience \'lith this aircraft for installi.ng 
seismograehic stations in the past. · 

Do you recommend a particular source for the helicopter! If "yes", please name 
the source and the reason ,for your recor.::llendation. 
No 

. 9. 1fuat is the per hour charter cost of the helicopter? 

, 1 lO. \vhere do you reommend that flights be staged from? 

'I• 

! i•:l , I 

I I· ll 
'1,,: 
~. 

Prudhoe Bay 

11. tUll special navieation :md conununica tions be required? 

No. 
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D. QUARTERS fu"{D SUBSISTENCE SUPPORT 

1. \.that arc your requirements for quarters and subsistence in the field area.? 
(These requirements should be broken do\-m by (a) location, (b) calendar period, 
(c) number of personnel per_day and total man days per period). 

(a.) Prudhoe Bay (b} 1 ~1ay, 1979 to 31 August, 1978 (c) 1, 120 

2. Do you recommend a particular source for this support? If "yesu, please name 
the source and the reason for your reco~endation. 

NO 

3. ~Vlhat is your estimated per man day cost for this support at each location? 
$120/day 

How did you derive _this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to establish and oaintain a field 
camp? 

From past experien.ce in operating seismog~hic stations around Barter Island. 

E. SPECIAL LOGISTICS PROBLn1S 
None 

1. ~.fuat special logistics problems do you anticipate under your proposal and ho\.; 
do you propose that the problems be solved? (Provide cost estimates and in
dicate whether you propose handling the problems yourself or ~hether you must 
depend on NOAA to solve them for you? 

None. 
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XIV. INFORMATION ACQUIRED FROM OTHER INVESTIGATORS 

None. 

XV. MANAGEMENT PLANS 

(i) After acquisition of the necessary equipment, the performance will 

be checked at the laboratory. 

(ii) Permitting weather conditions, the stations of the network will be 

installed at predetermined sites. Moreover, one member of the field 

crew will be stationed at the recording site to avoid any data loss. 

(iii) The data on magnetic tape will be shipped weekly .from the field to 

the laboratory where playback of data and analysis will be carried 

out simulatneously . 
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MILESTONE CUJ\RT 

- Planned Completion Date 

RU il _..:..;48;;.::::3;.__ __ PI: Nirendra N. Biswas 
--~----~~----------~~-

Hajor Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 

1978 1979 
\.JOR :HLESTONES 0 N D J F M A M 

f- ---- -
Part I. X 

Field work X 
197J 

X 
Data Scaling .illl 
Analysis 

X 
197c -- --1--x-----

Reporting 1971 

- j Part I I. ----
Laboratory Test X 

Field Work (i) station installation x· 

(i i) data recording --
Data Scaling 

- -
Analysis --- -- --- --!---
Reporting 

-- ----I--

1--- - - --:---
19783 1979 these refer to data gathered duri ~ he c lendc r Y{ ars. 

J J A s 0 N 

X 
19n - -- X 
1971 

-

- -- - --

X 

1-
X 

X 

X - ----
~-,.,. 

- ----

D 

X 
979 
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ocs 79-10 
Modified 

RESEARCH PROPOSAL 

TO: 

TITLE: 

PROPOSAL NO. 

PRINCIPAL INVESTIGATOR: 

TOTAL COST: 

INSTITUTION: 

DATE: 

PERIOD: 

OCSEAP/NOAA 
Rx4 
325 Broadway' 
Boulder, CO 80302 

Administrative & Technical Support for 
the OCSEAP Data Processing Center & the 
NODC/OCSEAP Representative - RU 497 & RU 370 

AEIDC p 79-01 

David M. Hickok 

$83,000 

Arctic Environmental Information & 
Data Center 

University of Alaska 
707 A Street 
Anchorage, AK 99501 

June 26, 1978 
(Rev. August 24, 1978) 

October 1, 1978 - September 30, 1979 

d-'~~-~~ David M. Hickok Mr. • B. Frol 
Principal Investigator 
AEIDC, University of Alaska 
Anchorage, AK 99501 
(907) 2 79-4523 

. I 
V1ce Chancellor for Research and 

Advanced Study 
University of Alaska 
Fairbanks, AK 99701 
(907) 479-7551 

Director of Administrative Services 
University of Alaska 
Fairbanks, AK 99701 
(907) 479-7551 
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TECHNICAL PROPOSAL 

I. Title: 

Research Unit Number: 

Proposed Dates: 

Title:·· 

Research Unit Number: 

Proposed Dates: 

Contract Number: 

II. Principal Investigators 

RU497 

RU370 

III. Cost of Proposal 

A. Science 

B. PI Logistics 

C. Total 

NODC field representative to OCSEAP 

497 

October 1, 1.978 - September 30, 1979 

NODC field representative support by 
AEIDC (Arctic Environment Information 
and Data Center) 

370 

October 1, 1978 - September 30, 1979 

~chael L. Crane 

David M. Hickok 

RU497 RU370 

0 0 

$ 15K $ 83K 

$ 15K $ 83K 

D. Totally non-lease area specific management work. 

IV. Background: The OCSEAP Data Base proposed the establishment of a 

field liaison person to support the Data Base.in professional data man-

agement tasks such as format development, investigator interaction, and 

data receipt. The first twenty-four months· efforts in format development 

and maintenance, in data processing support to investigators, and in man-

agement support in data management by providing tracking systems and inven-

tory files, marked the initial phase of OCSEAP data management. The next 
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phase was a minimizing of potential delay in data receipt, and this phase 

continues today. Concurrently another phase has developed and is noted by 

an emphasis on complete and accurate data submission. This last phase be

gan nine months ago and remains the dominant phase in the data management 

of the Outer Continental Shelf Environmental Assessment Program. · 

V. Objectives: These research units have the primary objectives of 

assisting the Data Base in checking and certifying,quality digital data. 

of assisting the BLM/OCS in Anchorage with data products, and of supporting 

the OCSEAP investigators and OCSEAP management located in Juneau, Fairbanks, 

and Boulder. In each of these three activities, the research unit proposes 

to insure the continued flow of information to the OCSEA Program by giving 

professional data management assistance in data processing. As one com

ponent of the OCSEAP Data Base, the activities directly support the infor

mation base in the decision-ntaking process of offshore oil and gas develop

ment. 

VI. Strategy and Approach· 

The processing facility will be managed by the Principal Investigator 

(RU497) on a daily contact basis. The Research Unit 497 provides profes

sional and supervisory guidance to Research Unit 370 (processing facility 

proper). The Principal Investigator (RU497) is under the direct supervision 

of the Chief, Project Monitoring Branch, National Oceanographic Data Center. 

Status reports to the' OCSEAP management will provide the necessary man

agement oversight to the data processing activity. In addition to quarterly 

reports, copies of monthly reports will be available to OCSEAP management. 
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To support the data processing requirements of the OCSEA Program, the 

Anchorage Data Processing Facility proposes to expand data checking capa

bility, to continue data product support to the BLM/OCS office in Anchorage, 

and to assist the Principal Investigators and OCSEAP Management as required. 

The Arctic Environmental Data and Information Center (AEIDC), under RU370, 

proposes to maintain a data processing facility staffed to provide the tech

nical support of the facility, and the National Oceanographic Data Center 

(NODC) proposes, under RU497, to provide the management and supervision of 

the professional data management functions of the facility. 

The general strategy to accomplish the three areas identified for FY79 

will be a cooperative effort by the NODC and the AEIDC dividing specific 

actions among the appropriate components. The specific functions to be 

accomplished are (1) developing ~heck programs which meet NODC data base 

requirements and ocsEAP management's requirements; (2) advising and develop

ing data processing support to the BLM/OCS in Anchorage; and (3) assisting 

the OCSEAP investigators in data processing support and the OCSEAP manage

ment offices in professional data management support. These three functions 

will be controlled by Dr. Wayne Fischer, Pr~gram Data Manager. Additional 

information will be incorporated from Jim Audet, OCSEAP data base coordi

nator, Toni Johnson, Administrative Assistant for Data Management (Fairbanks 

P.O.), and F. M. Cava, Data Manager (Juneau P.O.). 

The relative priorities of these functions will be assigned by Dr. 

Fischer, and schedules will be established and distributed to all data 

management components. 

The development of check programs requires the access to computer 

equipment configured to meet the requirements of data checking. These 

requirements are listed below: 
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(a) Media compatible to OCSEAP data base computers 

(b) Flexible, easy-to-develop programming language 

(c) A simple, easy-to-use operating system 

(d) Editing equipment to make corrections 

(e) Data communication to connect the NODC computers to local equipment 

(f) Local computer maintenance available 

(g) An output which provides a permanent record of results 

The priorities in file types and the level of checking will generate 

from inputs from both OCSEAP management and the OCSEAP data base. The 

schedule of development will reflect the requirements of both management 

and the data base. 

The major time component in data checking after the programs have been 

written is the feed-back time from investigators for corrections. The prin

cipal advantage of the Anchorage Data Processing Facility is the potential 

direct access to investigators to resolve data errors. Interaction with 

the investigator is directed to the specific problem and frees both parties 

from extensive administrative correspondence until the need occurs. Proced

ures are streamlined for investigator, management and data base. In this 

way direct costs will be reduced and missed opportunities will be avoided. 

Without streamlining, additional costs as high as forty percent will be 

incurred. 

The NODC under RU497 proposes to offer effective administrative pro

cedures to exploit the full benefits of data checking in Alaska. 

The AEIDC under RU370 proposes to develop and implement the check 

programs. 

Inventories of data submissions will be incorporated in the results 

of the data check programs. The AEIDC (RU370) proposes to develop inven

tory displays as part of the overall display of check program results. 
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The support to the BLM/OCS office in Anchorage will combine indirect 

and direct technical assistance. Explanations of potential program main-

tenance of current inventories and interactions with the OCSEAP data base 

in relation to requests from the BLM/OCS office are examples of indirect 

technical assistance. Developing predator/prey relationship programs, 

developing data selecting programs, and providing updates to taxonomic 

file~ are examples of direct technical assistance. The BLM/OCS has de-

signed a special Predator/Prey Matrix file and program to be used in the 
I 

decision-making process. Timely taxonomic updates are critical in maintain-

ing this file. In conjunction with Dr. Elaine Collins, new entries in the 

NODC taxonomic code will be incorporated by RU370 into the Predator/Prey 

file. Data editing equipment such as a diskette keyentry work station is 

require~ to provide the direct technical support. Hard copy outputs of 

data products will also be available for the BLM/OCS and additional ser-

vices will be available as required. Control of this function will remain 

with Dr. Wayne Fischer, Program Data Manager. 

The data processing support to OCSEAP investigators and the professional 

data management support to OCSEAP management will continue and be provided 

as required. This function will be dramatically reduced from previous years 

because the guidance priorities and funding does not allow adequate staff 

leve1s. Data entry services have been identified by Mr. Roq Swope for 

research units 229 and 243. These services are included in the proposal 

from RU370. Additional keyentry services will be negotiated as required 

, by OCSEAP management. 

The NODC (RU497) proposes to support OCSEAP management with professional 

data management services as identified by each component. Current support 

activities include phone calls and reports to project offices, status reports 
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and data processing schedules, and data inventories and summaries (e.g., 

results from check programs are forwarded to contract supervisors routinely). 

Transmittal and inventories of data receipts will be forwarded to the approp

riate project office. This function is an administratively-oriented activity 

and RU497 proposes to be the principal point of contact for this management 

support activity. This function will be coordinated with Ms. Toni Johnson 

and Ms. F. M. Cava. 

The NODC {RU497) proposes also to maintain a communication link between 

Anchorage and the OCSEAP data base, support data base pre-processing, and 

have meetings, phone calls, etc., with appropriate individuals as required 

to resolve data management problems. The funding indicated in the guidance 

to RU497 will be divided among data communication items, data processing 

items, and travel expenses. 

The sampling methods and analytical methods (A) and (B) listed in the 

instr.uctions do not ·apply to this proposal. 

VII. Deliverable Products 

A. Digital Data - No data generated by the tesearch unit. 

B. Narrative Reports - Quarterly and annual reports plus periodic 

status reports will be delivered in partial fulfillment of this agreement. 

C. Visual Data - Not applicable. 

D. Other Non-Digital Data - Not applicable. 

E. Data Submission Schedule - Not applicable. 

F. Check program results or a status report will be forwarded to the 

appropriate Project Office within 30 days. 

G. Updates to the Parameter Checklist will be delivered to the OCSEAP 

as required. 
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H. Check programs for file types 023, 031, and 032 will be written. 

A schedule for development will be attached in the milestone section. 

I. A copy of specified crunch tapes will be maintained in Anchorage. 

J. Data entry services for RUs 229 and 243 will be included as part 

of the proposal. These services are available at no cost between 1 October 

1978 to 1 March 1979. 

VIII.Special Sample and Voucher Specimen Archival Plans 

No applicable. 

IX. Logistics Requirements 

Not applicable. 

X. Anticipated Problems/Recommended Solutions 

A. Administrative procedures in transmittal of check program results 

have not been established. The distribution of check program results must 

also be established. 

Solution: OCSEAP should develop and implement an administrative 

procedure for the distribution and transmittal check program results. 

B. Potential delays in the response by investigators to corrections 

of data because field activities or laboratory activities demand a higher 

priority. 

Solution: OCSEAP management should streamline administrative pro

cedures, should provide direct access to investigators, and should 

identify potential areas for delay. 

C. The term "error-free" should be defined. 

Solution: OCSEAP management should establish adequate standards 

to test an "error" condition in data sets. 
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XI. Information Required from Other Investigators 

Adequately coded digital data or coding forms are required of other 

investigators whEm keyentry service is to be provided. 

Properly annotated data se~s are required when computer compatible 

media are delivered. 

From RU362, guidance on data processing steps and scheduling would 

be required. 

XII. Milestone Chart 

Not applicable. 

(1) Develop data product interface to users from the Data Base • 

(2) (a) Interactive data access to OCSEAP data files, October 1, 1978. 

(b) Data analysis programs developed to support OCSEAP users March 

1, 1978~ 

(3) FY80 $105K labor costs. 

(4) Remote Job Entry and Direct Data Entry equipment. 

(5) Not applicable. 

(6) Not applicable. 

XVII.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 i. The Final Report will be submitted 

within 90 days of the termination of the contract. 
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(3) Where biota are concerned, all species and higher categories will 

be represented by the voucher specimens that will be preserved, labeled, 

held, and shipped to an official OCSEAP-designated repository in co~formity 

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. 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). 

(7) Within 10 days of the completion of a cruise or data gathering 

effort, a ROSCOP data collection inventory form (NOAA 24-23) will be sub

mitted to the Project Data Manager. 

(8) Title for all property purchased with OCSEAP funds remains with 

the US 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 
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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 
. I 

OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 

standard acknowledgment 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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Milestone Chart 

Check Program Development Schedule 

Project Office 
File Type 023 Completed Input Due 

(1) START September 78 * (2) ID023 September 78 Aug/Sep 78 
(3) · PR023 October 78 * (4) RL023 November 78 October 78 
(5) SL023 November 78 * 
(6) CD023 December 78 * 
(7) MP023 December 78 November 78 
(8) TX023 January 79 * 

File Type 031 

(1) START January 79 * 
(2) ID031 January 79 December 78 
(3) PR031 January 79 * 
( 4) RL031 February 79 January 79 
(5) CD031 February 79 * 
(6) DE031 March 79 February 79 
(7) MP031 March· 79 February 79 
(8) TX031 April 79 * 
(9) SL031 April 79 * 

File Type 032 

(1) START April 79 * 
(2) ID032 May 79 April 79 
(3) PR032 June 79 * 
(4) RL032 June 79 May 79 
(5) CD032 July 79 * 
(6) MP032 August 79 July 79 
(7) TX032 August 79 * 
(8) SL032 September 79 * 

Le~end of Program Descriptions 

START - Sets the initial values, sets ranges for lat/long, date, time 
IDxxx - Checks taxonomic codes and data base required fields 
PRxxx - Computes the predator/prey relationship 
RLxxx - Checks the data fields, range and relationship 
SLxxx - Selection program, complement of RLxxx 
CDxxx - Code check program 
MPxxx - Station location plotting program for tektronix 4051 
TXxxx - Taxonomic code conversion program 

DE031 - Special data entry program for file type 031 
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TECHNICAL PROPOSAL 
I. T1tle: Seasonal Composition and Food \~eb Relationships of Marine Organ

isms in the Nearshore Waters of Lower Cook Inlet - Including 
Fishes and Benthic Epifauna. 

Research Unit: 512 
Contract Number: 03-5-022-69 
Proposed Dates of·Contract: October 1, 1978 thru September 30, 1979. 

II. Principal Investigators: 
James E. Blackburn 
Peter B. Jackson 

III. Cost of Proposal: 
A. Science $100,000 
B. P.I. Provided Ogistics - $0.00 
C. Total . - $100;000 
D. Distribution of Effort by Lease Area: Lower Cook Inlet- 100% 

IV. Background: 
The need to develop new sources of oil for the U.S. was suddenly realized 
in the early 1970's and the sale of leases on subtidal land was comtem
plated. The lower Cook Inlet area·was one of those seriously considered. 
The need to prepare environmental impact statements. for the leases led. to 
the funding of rese9rch programs to gather data. 

In the lower Cook Inlet area previous survey type data on marine resources 
was largely lacking. The National Marine Fisheries Service had conducted 
approximately 85 otter trawl hauls in Cook Inlet during 1958, 1961 and 
1963, however, they were rigged for shrimp or crab and operated only be
tween mid-July and late September. Various fisheries have existed in the 
inlet for some time and information based on these fisheries has been ac
cumulating. The salmon fishery is conducted in summer, throughout the 
inlet, with local concentrations of effort and fish. The herring fishery 
has been active in Kachemak Bay, Kamishak Bay and in the vicinity of the 
Forelands. Rounsfell {1929) documented this fishery in Kachemak Bay in 
the early part of the century, however, due to fluctuations in price and 
stocks, this has not been a continuous fishery. 
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Halibut have been fished in Kachemak Bay, Kamishak Bay and to some extent 
around Kalgen Island. The International Pacific Halibut Commission con
ducted 26 otter trawl hauls in July of 1974 and 1976 in the mouth of Kach-
emak Bay as part of their work to index rearing stocks. 
fishery has been active but restricted to Kachemak Bay. 

The trawl shrimp 
Shrimp research 

has included fishery documentation and since 1971 trawl surveys have been 
conducted in May to index stock abundance (Davis 1976a). 

The king and tanner crab fisheries have been active in Kachemak Bay and in 
the central inlet southeast of Augustine Island. In 1974 a pot index pro
gram for king and tanner crab abundance was initiated in Kachemak Bay and 
in 1975 the program was expanded to the Kamishak Bay area (Davis 1975, 
1976b). Other fisheries include Dungeness crab and pot shrimp (those 
caught by pot as opposed to trawl) which are largely restricted to Kache
rnak Bay. Sport fisheries include king salmon and razor clam, which are 
largely restricted to the east side of the inlet between Anchor Point and 
the Forelands. 

A compilation of existing information on the Cook Inlet fisheries was pre
pared by the Alaska Department of Fish and Game under a program funded by 
the Federal Coastal Zone Management Program Development Funds (ADF&G 1976). 
This work included a written narrative and a portfolio of mapped data. 
The narrative included characterizations of each fishery and tabulariza
tions of statistical data. Historical catch, efL. ;:;, economic value, and 
excapement statistics were included. The map section included distribu
tion mapping for all significant finfish and shellfish species, major 
fishing areas for all commercial species., critical salmon and shellfish 
spawning areas by species where known ~nd shellfish rearing areas by spe
cies where known. 

A study of the effects of oil on biological resources was funded by the 
State of Alaska as. a result of public concern over Alaska'a 28th Oil and 
Gas Lease Sale of subtidal land in Kachemak ·Bay. These studies included 
the fishery resources, birds, coastal morphology, circulation and a syn
thesis of the impact of oil on the Kachemak Bay environment (Trasky et al. 
1977). 
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The studies initiated in 1976 under the Outer Continental Shelf Environ
mental Assessment Program (OCSEAP) were. hastily assembled and were faced 
with a paucity of data concerning what to expect. The scope was broad: 
as much of the inlet as could be physically covered efficiently. Sampling 
was conducted with beach seines and surface tow nets from the east Fore
lands to Port Graham on the east side of the inlet and from Amakdedori 
Beach to Chinitna Bay (with a few samples further north) on the west side 
of the inlet. Surveys were repeated monthly during June through·September 
of 1976. An otter trawl was successfully used in the central portion of 
the inlet during June, July,. August, September 1976 and March 1977. A 
power purse seine and gill nets were used to study pelagic fish during Ju
ly, August and September 1976. A number of conclusions resulted from this 
study as did some questions. (Blackburn, 1978). 

Since this sampling effort the initial lease sale was held in October 1977 
but a future lease sale is planned for March 1981. And, it is our current 
understanding that areas further south, into Shelikof Strait are being 
considered for lease. These areas have not been addressed in fishery sur
veys by OCSEAP, but NMFS has done some trawling in Shelikof Strait. 

Additional field work was initiated in lower Cook Inet during the 1977-78 
budget period. The objectives of this study were designed to develop an 
understanding of seasonal changes in composition and feeding habits of 
dominant marine organisms. These objectives are the same as number 1, 2 
and 3 of this proposal, which is a continuation of that field work, with
out change. 

Field collections are restricted to the northern Kamishak Bay area and 
Kachemak Bay in the Jakolof Bay-Tutka Bay vicinity. Field collections be
gan in April and will continue through the end of the budget period, Sept
ember 30, 1978. Food habits analysis is being conducted upon the catch. 

This proposal is in response to a request by OCSEAP to continue the ongoing 
field work and food habits analysis through the end of October 1978, and to 
address additional objectives through the remainder of the year. These ob
jectives are numbered 4 through 7 in section V. 
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V. Objectives: 
The objectives of this study, as stated in the guidance letter for this 
proposal are: 
1. Determine the feeding habits of principal life stages of dominant pe

pelagic and demersal fish and provide an initial description of their 
role in the food web. 

2. Describe the temporal dynamics of pelagic and demersal fish at speci
fic sites. 

3. Evaluate the timing and use of specific areas by the pelagic and de-
• 

mersal fish. 

4. Review all past information on the fisheries in lower Cook Inlet in
cluding commercial and sports catch statistics in order to determine 
the past and future trends in the importance of these species and to 
define the geographical and seasonal locations of fishing areas. 

5. 

6. 

7. 

Define the geographical locations and seasonal use of spawning areas 
to the highest resolution possible. 

Identify the geographical and seasonal locations of important prey. 

Describe and evaluate the potential for impact on commercial, poten
tially commercial, and sports fisheries by OCS oil and gas explora-
tions, development, and production based on the findings of the above 
six objectives plus existing information on the sensitivity of various 
life stages of these species, and geographcial areas of potential risk. 

Objectives 2 and 3 should be reworded as follows: 
2. Describe the distribution and relative abundance of pelagic and demer

sal fish and their seasonal changes. 
3. Identify areas of unusual abundance or of apparent importance to fish, 

especially commercially important species. 

The spawning areas addressed by objective 5 refer to king crab, tanner crab, 
shrimp, herring and Pacific salmon of the genus OncoPhynchus. Intertidal 
salmon spawning areas will be identified, season of use, species, and his
toric run size noted as available. Freshwater salmon spawning areas will 
be identified by stream; species, historic run size, and time of marine ac
cumulation, as well as is known. 
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VI. Strategy and Approach: 
Three basic tasks will be assigned to accomplish the desired objectives. 
The first consists of field collections, food habits analysis, data analy
sis and report preparation. This Will address objectives 1,2 and 3. The 
second task will consist of literature search and comparision with field da
ta to satisfy objectives 4,5 and 6. The third task will consist of litera
tblre review and evaluation to accomplish objective number?. 
The experimental design for the first task will consist of sampling the fish 
community with a variety of gear types throughout the month of October. 
Fish will be selected from the predominant, important or little known spe
cies for food habits analysis. 
A. Sampling Method 

The gear being employed consists fo beach seine, try net, gill net, 
trammel net and surface tow net. The work conducted in October 1978 
will be in Kamishak Bay from the. Cottonwood Field Camp, unless it is 
jointly deemed appropriate by the P.I. and the Juneau Project Office of 

OCSEAP to move to Kamishak Bay, to work in the Jakolof Bay-Tutka Bay 
area (Figures 1 & 2). A series of standard stations will be sampled as 
frequently as possible, usually at about weekly intervals, with each of 
the gear types, as appropriate for each station. The fish captured in 
each sample will be sorted by species and life history stage, the num-
ber and weight of each recorded, a sample of the catch will be preserved 
and it will consist of the entire catch except that only stomachs of 
large fish and not more than 25 of abundant taxa will be preserved.(Fig
ure 3). In addition, once an adequate number (about 50) of any taxon 
ha~ been preserved for food habits analysis d~ring the time period 1-15 
October or 16-31 October, then small additional samples of this taxon 
wil.l be preserved. Length frequencies of specimens not preserved will 
be taken in the field. Sexual maturity will be noted on selected taxa, 
especially as their spawning season approaches. The length, sex, and 
sexual maturity will be recorded when the stomach is removed. Specimens 
captured in gill and trammel nets will not be used for food habits anal
ysis unless an inadequate number of them is available from other geartypes. 
The food habits of about 125 fish (modified by time demands) will be exa
mined from each half month period. The attached priority list (Table 1) 
will be used to select these fish from those captured, however, 
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Table 1. Priority list for selection of specimens for food habits analysis. 

· PRIORITY SPECIES MAXIMUM 

1 Sand lance 25 
2 Herring 25 
3 Dolly Varden 25 
4 Chum Salmon Fry 25 
5 Chinook Salmon Fry 15 

> 

6 Red Salmon Fry 15 
7 Coho Salmon Fry 15 
8 Pink Salmon Fry 15 
9 Whitespotted Greenling Juvenile 15 

10 Whitespotted Greenling Adult 10 
11 Masked Greenling Juvenile 15 
12 Masked Greenling Adult 10 
13 Capel in 20 
14 Eulachon 5 
15 Longfin Smelt 10 
16 Great Sculpin 20 
17 Yellow Fin Sole 10 

18 Starry Flounder 10 

19 Rock Sole 10 

20 Staghorn Sculpin 10 

21 Pollock 10 
22 Pacific Cod 10 
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it may be modified to accomodate unanticipated abundance of a species. 

Sampling adequacy of field collections will be expressed in appropriate 
statistical terms and these terms are not the same in all situations. 
For example in the expression of mean catch per unit effort (CPUE) of 
fish species, the different species have a wide variation in the de
gree of clumping or contagion in their distribution. The. great scul
pin is quite evenly distributed with a standard deviation of its CPUE 
approximately equal to the mean catch while sandlance occur almost ex
clusively in massive school during part of the year. The standard de
vi-ation of sandlance CPUE may reach 5 .times the mean value, and at 
this time the frequency of occurrence may be of more value (the occur
rence of one is the same as the occurrence of many and the data breaks 
down to simple presence-absence information). 

In the description of fish abundance and distribution the basic catch 
data will be summarized as mean CPUE and standard error of the mean 
(SE) while the discussion will incorporate the frequency of occurence 
information and other features of the catches as appropriate to ade
quately portray the distribuiton and abundance features desired. 

Statistically establishing.the adequacy of food habits sampling is ex
tremely difficult. There are a number of parameters that may be used 
to express dietary composition and a number of ways of presenting this 
information for this study. It is judged that the important elements 
to document are the predominant food tiems, the relative contribution 
of the predominant food items and seasonal cycles of these features of 
the diet. For each item a frequency of occurrence, a mean count and a 
mean weight may be calculated. but at times the descriptive value of 
these parameters may be in doubt due to differing degrees of digestion, 
differential digestion rates etc. The best compromise may be to pre
sent mean count with its standard error and mean weight with its stand
ard error for total contents of each taxon of predator. In addition, 
for each of the major food items of each predator the frequency of oc
curence. number of predators examined, mean count with its standard 
error, and mean we1ght with its standard error may be presented. Un
fortunately the volume of data necessarily presented by this approach 
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may make the tabular presentation difficult to understand quickly and 
additional graphic presentation will be necessary. 

Although it is not an important objective to document all the items 
that contribute to the diet, it may prove useful (and may be possbile) 
to use a species-area program to obtain an estimate of the completeness 
of the list of diet items for each taxon. It is considered less im
portant and beyond the fi nanci a 1 scope of this study to document short 
cyclic variation·in food habits such as diet differences or differences 
by tida_l state. Hence samples will be collected randomly from the 
tidal-dieu cycle phases to cumulatively describe the mean total diet. 

·It will be impossible to document the accuracy of this approximation 
without documenting the patterns or even the presence of these cycles. 

The only instruments that will be used in the field will be hand held 
thermometers and a Yellow Springs Instrument Company model TS-33 meter 
for temperature and s~linity. This will be calibrated before each 
reading and as recommended by the manufacturer. 

B. Analytical Methods 
Fish will be removed from the formaline preservative, put into a water 
and ammonia solution, and refrigerated overnight. Before examination, 
the specimens will be soaked in cold water. 

The fork length of each fish will be determined to the nearest milli
meter and the weight will be determined to the nearest 0.01 gm. The 
gut will be removed and cut open, and an es.timate of stomach fullness 
will be made. Contents will be removed (under a microscope if gut is 
small)m weighted to 0.01 gm, and examined (again under a scope if need
ed) for individual taxa. Each taxon will be enumerated and weighted to 
the nearest o. 01 gm. The biomass of prey too sma 11 to be accurately 
weighted, will be estimated volumetrically. Degree of digestion of 
prey will be recorded. 

Identification of prey will be made to class or order (gastropods, am
phineurans, bivalves, amphipods, mysids, cumaceans, isopods, euphau
side, cirripeds, shrimp), or to species where possible (fish, crab 
larvae). Samples of each prey from each species in each haul will be 
preserved for reference and further identification. 
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Data collected will be proofed, keypunched and edited. From the cor
rected data one copy will be put into OCSEAP format and submitted, 
while another copy will be used for analysis. The food habits data 
will be summarized in several ways. A table will be prepared listing 
the number of fish by species and life history stage examined from 
each time period. A table will be prepared listing percent composition 
(numberical or weight as appropriate) of food items in stomachs of all 
species from all times. For each of the major species and life history 
stages the numerical and weight composition of diet and their standard 
errors will be presented by time period and a graphical presentation, 
Index of Relative Importance (IRI) diagram (Pinkas et al. 1971), will 
be prepared by time period. 

A species list of the fish captured·will be presented. The catch in
formation will be summarized as mean and standard error of catch per 
unit effort by gear, species and time period. The amount of effort 
will be summarized by gear and time period. Relative abundance and 
rank of abundance by taxon will be presented for each gear and time 
-period. 

Species association analyses will be conducted to attempt to define 
natural groupings of fish. The resulting groupings will be compared 
with the results of food habits analyses to determine the presence of 
differences in food habits between.and within the groupings. 

In general, tests of significance and confidence limits on statements 
will not be necessary. Since this study is a survey, the descriptive 
statistics, mean and standard error of the mean as well as a presenta
tion of the level of effort, are the appropriate methods of displaying 
results. 

In order to describe temporal dynamics of fish species at specific 
sites, the species will be individually discussed verbally with appro
priate tabular and graphic presentations constructed to display the 
results and interpretation of results. 

C. Literature Review 
The literature review task number 2, to meet objectives 4, 5 and 6, will 
be accomplished by gathering the necessary information from within ADF&G, 
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other OCSEAP research units and from published information. Available 

expertise within ADF&G will be employed as much as feasible to produce 
the best possible product within the budget limitation. 

The evaluation necessary to reach objective number 7 will also utilize 

the most efficient and complete method of literature accumulation and 
will employ available expertise within ADF&G to the fullest extent 
practicable. The ADF&G Marine/Coastal Habitat Protection Division has 
recently completed a similar study for Kachemak Bay (Trasky et al. 
1977) and, although there has been insufficient time during the prepar
tion of this proposal to make arrangements to work with them, it may be 
feasible to combine resources to accomplish this objective. 

One aspect of objective 7 that is very important is to identify data 
gaps and suggest priorities for further research. The existing infor
mation base is inadequate to completely evaluate impact, but the ef
forts on this task will attempt to make as complete an evaluation as 
possible and to identify data gaps that should be addressed in future 
studies. 

VII. Deliverable Products 
A. Digital Data 

1-2. Attached (Table 2) is a listing of the File Type 23 (Fish Resource) 
Format Parameters to be submitted with expected ranges for each. 
Additional parameters are requested for Record Type 7-Prey Record. 
These additional parameters are: 
Length of Predator, Length Code, Weight of Predator, and Weight 
Determination. These are basic parameters to record. The amount 
of food a fish is capable of holding in its stomach is related to 
the size of that fish, thus recording fish size is essential. 

These parameters may be recorded on record type 6 and for some 
specimens they are. However, to simplify data analysis and mini
mize data volume it is very important to be able to record all 
information pertinent to food habits analysis on one record type. 

3. Procedures used to verify accuracy of digital data. See Figure 3. 
B, Narrative Reports 

Other than required quarterly and annual reports, preparation of 
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Table 2. Definition of File Type 23 Digital Data Parameters Utilized in Proposal-Work 
for R.U. 512 in F.Y.79. 

Record T~ee Headers - All Record Tlees 
COlU~INS IDENTIFICATION ATTRIBUTES FORMAT RANGE 
1-3 File Type I3 XXX 023 
4-9 File Identification I6 xxxxxx 100178-'033179 
10 Record Type 11 X 1-8 
11-12 Agency Code I2 XX 21 
13-14 Vessel Code A2 XX 02-30: A-X 
15-16 Cruise Number A2 AX N/A 
17-19 Haul or Set Number 13 XXX 0-999 
100-104 Sequence Number. 5 XX XXX N/A 

Record Type 1 - Haul Record 

29-35 latitude A7 XX.XX.XXA 59°00'00"N-60°SO'OO"N 
36-43 . longitude AS XXX.XX.XXA 151°00'00"W-154°20'00"W 
44:.49 Date (GMT) 16 xxxxxx 781001-781130 
50-53 Time (GMT) 14 xxxx 0-2400 
54-55 Gear Type Code 12 XX 10-92 
56-58 Duration of Fishing 13 XX.X Hrs. 00.1-36.0 
59-61 Distance Fished 13 xx.x Km. 00.0-08.0 
62 Direction of Tow 11 X 1-9 
63 Performance Code 11 X 0-8 
70-73 Mean Bottom Depth 14 XXXX M 0-275 
76 Sounding Record 11 X (Blank) 1-3 
77-78 Bottom Trawl Type I2 XX 00-40 
79-80 Bottom Trawl Accessories 12 . XX 00-32 
81-84 ·Scope or Warp Used 14 XXXX M 0-1225 
89 Present Weather 11 X 0-9 
90 Cloud Amount I1 X 0-9 
91 Sea State I1 X 0-9 
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Record T~~e 2 - Trawl Gear Record 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

20-21 Gear Type Code 12 XX 10-92 
22-24 Opening Height - Trawl I3 XX.X M 00.5-03.0 
25-27 Opening Width of Trawl. I3 XX.X M 00.5-11.0 
28-30 Overall Trawl Length I3 XXX M 01.0-15.0 
31-32 Codend Length I2 XX M 01.0-5.0 
33-34 Footrope Length I2 XX M 00.0-25.0 
35-36 Headrope Length I2 XX M 00.0-25.0 
37 Gear Material Code I1 X 0-2 
38 Opening Mesh Al X 0-9: A-D 
39 Average Body Mesh I1 X 0-9 
40 Codend Mesh I1 X 0-9 
41 Codend Liner r'l X 0-9 
42-43 Number of Floats I2 XX 05-50 
44-45' Float Diameter I2 XX Cm. 10-25 
46 Tickler I1 X 0-1 
47 Roller Gear Il X 0-1 
48-50 Length of Bridles I3 XXX M 00:].-037 
51-52 Length of Doors I2 X.X M 0.5-3.0 
53-54 Width of Doors I2 X.X M 0.3-1.5 

55-58 Warp Length !4 XXXX M 0005-0823 

59-62 Depth of Gear !4 XXXX M 0005-0275 

72 Tide Stage Code Al X F,E,H,L 
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Record T~~e 3 - Miscellaneous Gear Record 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

20-21 Gear Type Code A2 XX 10-92 
22-25 Unit Length I4 XXXX M 0-200 
26-27 Net Depth 12 XX M 0-100 
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 Gill net, # of Shackl~s 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 ~ .. 0-183 
72-73 Trammel Net, # of Shackles I2 XX 0-10 
74 Material of Outer Panels A1 X 1 
75 Mesh of OUter Panels A1 X 9 
76 Material of Inner Panels Al X 1 
77 Mesh of Inner Panels A1 X 1 
78-80 Gear Salinity 13 XX.X PPT 0-35.0 
84 Tide Stage Code Al X F,E,H,L 

Record Type 4 - Species Catch Record 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

20-23 Sample Number A4 xxxx 0-9999 
24-33 Taxonomic Code 5A2 xxxxxxxxx ]J 

34-41 Total Weight by Species 18 xxxxxx.xx kg. 0-1000.00 
42 Weight Determination I1 X 1-3 
43-48 Total Number by Species I6 XXX XXX 1-999999 
49 Number Determination I1 X 1-3 
50 Sex Maturity Code Al X 0-5 
51 Life History Code Al X 6-9,A,B 
52-55 Number of Species Examined I4 xxxx 0-20 
56-60 Volume of Catch IS XX XXX 0-100 
61-64 Fish Per Liter 14 xxxx 0-100 
65-68 Weight of Small Catches 14 XXX.X gms. 0-999.9 
97-99 Record Modifier A3 XXX Always Blank 

,. 

11 NODC Taxonomic Codes - March, 1977. 
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Record Tlee 5 - Length Freguencl Record 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

20-23 Sample Number A4 xxxx . 0-9999 
24-33 Taxonomic Code 5A2 xxxxxxxxxx See Record Type 4 
34 Sex Il X 0, 1, 2, 3 
35-38 Length of Class in mm 14 xxxx 0-2000 
39 Length of Code A1 X 0-5 
40-43 Length Frequency I4 xxxx 0-200 
44 Length Sample I1 X 2, 4 
97-99 Record Modifier A3 XXX Always Blank 

Record Tlee 6 - Individual Biological Record 

COLUMNS I DENT! FI CAT! ON ATIRIBUTES .. FORMAT RANGE 

20-23 Sample Number A4 · · xxxx 0-9999 
24-33 Taxonomic Code 5A2 xxxxxxxxxx See Record Type 4 
34 Sex Code A1 X o. 1, 2, 3 
35 Maturity Code A1 X 0-5 
36-39 Length I4 XXXX MM 1-2000 
40 Length Code A1 X 1-5 
41-46 Weight !6 XXXXXX gms 0-100,000 I 

47 Weight Determination Al X 1, 2' 3 :I 
48-49 Age !2 XX years 0-40 'I 

I 

50 Age Structure A1 X 0-4 .I 

51 Age Determination A1 X 1, 2 I! 
·I 52 Sample type A1 X 1. 2, 3 

53 Data Type Al X 1-9, A-F 
55 Gut Collected A1 X y' N 
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Record TxEe 7 - Prex Record 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

20-23 Sample Number A4 xxxx 
24-33 Taxonomic Code - Predator 5A2 xxxxxxxxxx See Record Type 4 
34-43 Tax'onomic Code - Prey 5A2 same same 
44-48 Number of Prey Individuals I5 XX XXX 0-99999 
54 Organ Code A1 X 1,2 
55 Stomach Fullness Code A1 X 1-7 
56 Life History Code of Predator Al X 6, 7' 8 
57 Stomach Digestion Code A1 X 0-6 . 

58-63 Weight of Stomach Contents I6 XXXX.XX gm 0-3000.00 
64 Life History Code, Prey A1 X 1-9, A-F 

.. 
65-71 Wet Weight of Prey 17 xxxx.xxx 0-3000.000 
72 Weight Method Al X 1-9, A-G 
73 Gut Position Al X 1-4 

l 
74-77 Length of Predator I4 XXXX MM 1-2000 

l 
78 Length Code A1 X 1-5 

1 
0:...9999.99 79-84 Weight of Predator I6 xxxx.xx 

1 
85 Weight Determination 11 X 1-3 

1Requires approval 

Record TXQe 8 - Comments 

COLUMNS IDENTIFICATION ATTRIBUTES FORH1-1T RANGE 

20-99 Comments A81 XX etc. N/A 
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additional narrative reports is not anticipated at this time. In the 
event special reports are required by OCSEAP, as was the case in F.Y.76, 
they will be complied with. In this event, however, it would be appre
ciated if lead time of at least six weeks is given. The only other nar
rative reports possibly resulting from this proposed work would be for
mally _published papers of an opportunistic nature depending on findings 
(species range extensions, newly developed sampling methodologies, etc.)~ 
In these cases, however, all stipulation~ in Parts I & J of Section XIV 
(Standard Statements) wi 11 be adherred to. 

C. Visual Data: 
All visual data products produced in cond~~ting studies proposed here 
will be incorporated in quarterly or annual reports. These data will 
include maps showing spatial and temporal distribution of principal spe
cies in various life stages and distribution of principal species in 
va.rious life stage and distribution of sampling sites in the study areas 
in respect to time period and/or habitat type. Photos of the study 
areas may be included to show the various habitat types, fish species 
obtained, various phases of sampling activity and methodologies util
ized. Data on life history parameter (i.e. spawning areas, growth rates, 
spacial and temporal distribution, species and age class composition, 
etc.) will be depicted by computer or hand produced graphic methods, as 
well as narrative discussion. Dependirig on results, comparative data on 
other biological parameters may be presented through graphic, tabular or 
pictoral means. All maps submitted in conjunction with narrative data 
will be supplied on standard maps of the appropriate scale reduced to 
8~" X 11" paper. In addition, these map products will be supplied as 
transparent mylar film overlays in an appropriate scale labeled with the 
appropriate information to define the origin and interpretation of the 
map. 

D. Other 
Submission of other forms of digital or non-digital data products other 
than those mentioned in A, B, and C of this section is not anticipated. 

E. Data Submission Schedule - Table 3. 
See attached Data Products Schedule. 
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Digital data on spatial and temporal distribution and abundance of pe
lagic and demersal fish species will be submitted to NODC on magnetic 
disketts in accordance with required schedules. In addition, in-depth 
analyses of these data will be presented in tabular, graphic and narra
tive form in quarterly and annual reports. Grahpic presentations of 
species distribution and abundance, will be prepared in a manner that 
these data.may be compared over various time periods. Analyses of 
these presentations will be discussed in accompanying narrative reports. 
Detailed appendix tables of all data presented will be included in re
ports as a supplementary data product. 

vrn. Special Sample and Sample Archival Plans: 
Voucher specimens will be obtained, handled, preserved and cateloged 
generally in accordance' with procedures for this purpose required by 
the OCSEAP Project Office, Juneau. As ffeezing facilities aboard ves
sels and at field camps will be ,.imited, all specimens retained will be 
preserved. Preservation of fish samples will employ a solution of ten 
parts water to one part formalin as well as 70% ethyl alcohol (follow
ing dehydration) as .primary fixatives and preservatives. Household 
borax {one teaspoon per quart) will be added to these solutions when 
used as preservatives in order to provide buffering and retard shrink
age. 'In general, specimens more than a few inches in length will have 
an incision made on the right side of the abdomen to facilitiate pene
tration of the preservative. The cut ~ill be about half as long as the 

"body cavity and made with a very sharp knife. Fish heavier than three 
pounds will be prepared for preservation by making a deep incision into 
the muscle mass on each side of the vertebral column, operating from in
side the body cavity. Specimens retained for archival will be retained 
in formalin for two to three days, soaked in water for a minimum of two 
days (water being changed at least once during this period) and dehy
drated to 70% alcohol. One change of 70% alcohol will be necessary pri
or to final preservation in order to prevent color loss. All specimens 
preserved in the field will be initially retained in wide mouth "Nal
gene11 bottles of appropriate size, completely immersed in preservative 
and covered with a leakproof closure. Specimens for archival will be 
placed in glass bottles or jars for final retention. Specimens will be-· 
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transferred to the California Academy of Sciences for permanent archi
val at the option and direction of the OCSEAP Project Office. 

IX. Logistics Requirements: 
The proposed study will require a continuation of the existing logis
tics arrangements. These include a charter vessel, use of a field camp 
and its support, charter flights between Homer and the field camp ·and 
use of small boats, all of which has been arranged and financed by 
OCSEAP. 
See attached Logistics Requirements forms. 

X. Anticipated Problems: 
1, Timely consideration of this proposal is critical as, if accepted, 

some lead time will be necessary for the State of Alaska to accept 
new funding prior to project initiation. 

XI. Information Required from Other Investigators 
In order to accomplish objectives 4,5 and 7 information will be required 
from other projects within Alaska Department of Fish and Game, which 
R.U. 512 will be responsible·for gathering. Accomplishing objective 5 
will require information from R.U. 's 005, 417 and 424 on spawning areas 
and seasons for important species. Information will be required of 
these same three R.U. 's on the. geographical distribution of important 
prey taxa. Information will be required from R.U. 005 on results of 
trawling conducted within lower Cook to augment the existing data base 
of R.U, 512. 
Information will be required of OCSEAP or BLM on lease tract location, 
exploratory rig locations, the BLM Development Scenario and the results 
of trajectory analysis being conducted by OCSEAP during 1978. 
Additional published information will be necessary for accompanying 
these objectives, which R.U. 512 will be responsible for gathering. 

XII. Activity/Milestone Chart 
See attached Milestone'Chart, Table 4. 

XI II. Outlook 
After completion of the proposed studies there are a few basic consider
ations for future work. The pelagic fish of the inlet should be stud
ied, some areas probably should be explored by trawl, study of juvenile 
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king and tanner crab distribution in Kamishak Bay should be undertaken 
and the portion of Shelikof Strait that may be affected by future sales 
should be studied. The specifics of these studies will probably be 
more clearly delineated after data gaps and sensitivities are identi-' . . 

fied during the proposed literature review and impact evaluation. 

The herring fishery in Kamishak Bay during 1978 consisted of a float
ing processor, the YARDARM KNOT, about 56 seiners ·and 32 tenders. 
These vessels remained in the vicinity virtually all of the month of 
May. The intensity of the fishery is an indication of the value and 
the intertidal spawning habit of the fishery and the intertidal spawn
ing habit of herring presents a potential conflict with oil. Further 
study of these herring may well be warranted. Currently, information 
is available on the time and location of spawning from aerial surveys 
conducted for management purposes in 1978 in Kamishak Bay. More study 
may be warranted to document vertical distribuiton and intensity of 
spawn. Knowledge of vertical and spatial distribution during the lar
val stage would be valuable as this is the stage of life during which 
the greatest variation in mortality occurs. 
The migration of juvenile salmonids from their source streams to the 
ocean is partially understood. Residence time in the inlet and dis
tribution in the open exposed areas is poorly known. The inlet is 
sufficiently large that a rough idea of distribuiton is probably all 
that can be expected and primarily of the more abundant species. The 
survey technique that seems most likely of success is use of electron
ic equipment (side scan sonar) as a primary sample tool and use of 
towed nets to determine species composition and ~elative abundance. 
There are portions of the inlet that have never been sampled by trawl 
primarily Kamishak Bay south of Augustine Island and the nearshore 
zone less than 20 fathoms off Chinitna Bay. At least cursory looks at 
these areas should be conducted. 
Juvenile king crab and tanner crab settling areas should be identified 
in Kamishak Bay. At the present time it is known that juvenile crabs 
of both these species are abundant both north and south of Augustine 
Island at depths less than about 20 fathoms. The location of settling 
areas is not known. This area could be quite important in the produc-
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1tion of the fished populations of king and tanner crab. During the pro
posal review of knowledge the pertinent questions and likely avenues of 
study should become clearer. 

Similar studies in Kachemak Bay were conducted by"grab sampling in 
search of newly settled crab and ·plankton surveys identified the loca
tion of pelagic larval abundance. OCSEAP studi.es have confirmed the 
abundance of tanner crab in northern Kamishak and indicated that larval 
settling may be important in Iniskin Bay (Lees, personal communication) 
and near Cape Douglas (Feder, personal communication). A synoptic sur
vey on the appropriate spatial-temporal scale would be very valuable. 

The possible expansion of the lease area to the south, into Shelikof 
Strait, would necessitate additional studies, if it became a reality. 
The OCSEAP studies to date have specifically avoided this area, conse
quently it is pd6rly ~nown: · Active fisher~es i~ Shelikof Strait that 
may be of concern include halibut, tanner crab, salmon, and herring. 

. . 
There is als6 a greater population of bottomfi~h than is found in most 
of lower Cook Inlet arid it is generally much more oceanic in nature, 
considerably different than the more estuarine lower Cook Inlet. It is 
also quite different from the west side of Kodiak where other OCSEAP 
studies are in progress. However, with the existing experience and lev
el of knowledge available we are in a relatively better position to ef
ficiently assess a new area and identify conflicts between oil and liv
ing marine resources, 

XIV. Standard Statements: 
A. Updated milestone charts iwll be submitted quarterly. A schedule for 

processing and analysis of pastyear•s data wil.l be submitted to the 
Project Office upon request. 

B. Quarterly reports will be submitted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the first day of Jam
uary, July, and October. Annual Reports are due by April 1. The Final 
Report wi 11 be suomitted within 90 days of the ex pi ration of the con

tract. 
C. Where biota are concerned, all species and higher categories will be re

presented by the voucher specimens that will be preserved, labeled, held, 
and shipped to an official OCSEAP designated repository in conformity 
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with OCSEAP voucher specimen policy. Vouchering will include life his
tory stages (e.g,, larvae, juveniles, adults) when these are studied, 
and sexes where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the Project 
Office at least twice during the contract year to review project status 
and progress. Such reviews will be schedule on dates mutually satis
factory to both parties. In addition, the PI may be requested to par
ticipate inprogram review or synthesis meetings as required. It is 
understood that costs of the travel and per diem for these trips will 
be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Manager in the form 
and format specified in Deliverable Products Section VII, A-E. Digital 
data submissions, will be accompanied by a Data Documentation Form 
(NOAA Form 24-13). 

F. Digital Data will be submitted to the Project Data Manager within 120 
days of the completion of a cruise or three month data collection peri
od, unless a written waiver has been received from the Project Office. 
The NODC Taxonomic Code is to be used for biological data submissions. 

G, Within 10 days of the completion of a cruise or any data gathering ef
fort, a ROSCOP data collection inventory form (NOAA Form 24-23) will be 
submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with the U.S. 
Government pending disposition at contract expiration. All new equip
ment purchased will be reported quarterly and inventoried annually. The 
Pl Will maintain inventories of all expendable and non-expendable equip
ment. purchased with OCSEAP funds. Information will be recorded on Form 
C0-281, 11 Report of Government Property in Possession of Contractor11

, 

(copy attached). Updated copies of these inventories will be submitted 
quarterly. 

I. Three (3) copies of all maniscripts for publication or presentation 
which pertain to technical or scientific material developed under OCSEAP 
funds, will be submitted to the appropriate Project Office at least six
ty (60) days prior to release, for information and for forwarding to BLM. 
The release of such material within a period of less than sixty days will 
be made only with prior written consent of the Project Office. News 
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releases will first be cleared with the appropriate Project Office. 
Five copies of all reprints which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to the appro
priate Project Office when they become available. 

J. All publications and presentations of material developed under OCSEAP 
funds will achnowledge BLM/OCSEAP sponsorship. The following acknow
ledgment is standard: 
11 This study was supported by the Bureau of Land Management through in
teragency agreement with the National Oceanic and Atmospheric Adminis
tration, under which a multi-year program responding to needs of petro
leum development of the Alaskan continental shelf is managed by the 
Outer Continental Shelf Environmental Assessment Program (OCSEAP) Of
fice. 11 
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LOGISTICS REQUIREHENTS _30_ 

case fi\1 in all spaces or indicate not applicable (N/A). Use additional 
eets as necessary. Budget line items concerning logistics should be keyed 

the relevant item described on these forms. 

STITUTION Alaska Dept. of Fsih & Game PRINCIPAL INVESTIGATOR 
James E. Blackburn 
Peter B. Jackson 

'. 

----------------------~ 

SHIP SUPPORT 

Delineate proposed tracks and/or sampling grids, by leg, on a chart of the area. 
Include a list of proP.osed static;m geo,g_raphic P.Ositions. All stations are loc;ated 
in immediate vicinity of Cottonwooa Bay tt·igure 1) or Jakalov Bay, Tutka Bay and 
Eldred Passage (Figure 2) 
Describe types of observations to be made on tracks and/or at each grid station, 
Include a description of shipb~ard sampling o~erations. Be a~ speci~ic aQd com
prehensive as possible.Success1ve s~t~ for var1ou~ nearshor~ f1~h SP.ec;es w1th a 
variety of smapling gear types. Spec1f1cs of sampl1ng operat1on 1n Sect1on VI. 

lfuat is the optimum time chronology of observations on a leg and seasonal basis 
and lvhat is the maximum. allotvable departure from these optimum times? (Key to 
chart prepared under Item 1 when necessary for clarification.) 
Continue ongoing survey into and through October 1978. 

Hmv 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.) 

N/A 

Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? R.U.512 will be a 

principal user of the vessel. RU 512 will need full use of vessel about·2 days per week 
Approximately how many vessel hours per day will be required for your observat~ons 
and must these hours be during daylight? Include an estimate of sa.m_l)tipg-t:ime on 
station and sample processing time bettveen stations. Need 8-12 dayl1gn . hour: per: 

day. Sampling time per station will be about 20 minutes per haul. Process1ng t1me w1ll 
be about 5 minutes to one hour, depending on catch. 

t-lhat equipment and personnel 'vould you expect the ·ship to provide? 

Trawl· winch, vessel captain. 

\\!hat is the approximate \<leight and volume of equipment you \vill bring? 

800 lbs.; 50 cu. ft. 

Hill your data or equipment require special handling? 
describe. 
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you require any gase: _m-d/or chemicals? YES If s, they should be on 
1 the ship prior to departure from Seattle or time allowed for shipment by 

Formalin solution 

m have a ship preference, either NOAA or non-NOAA? If "yes", please name t:lte 
!l and give the reason for so specifying. 

M/V HUMDINGER - Continuation of existing charter. 

1u recommend the use of a non-NOAA vessel~ what is the per sea day charter 
and have you.verified its availability? . . 

Approximately $350. Availablllty not coflf1rmed. 

~ny peQple must you have on board for each leg? Include a list of partici
:, specifically identifying any who are.foreign nationals. 
ield, crew chief, Jim Sicina, Robert Sanderlin, Dan Locke, staff members. 
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k~D SUBSISTE~~~ SUPPORT 

tare your requirements for quarters and subsistence in the field.area? 
esc requirements should be broken dot·m by (a) location, (b) calendar period, 

number of personnel per day and total man days per period). 

Cottonwood Bay Camp, October 1, 1978 - October 30, 1978, 4-5 personnel per day, 
Tqtal of 120 man days. 
R.U. 512 will purchase food. 

you recommend a particular source for this support? If "yes", please name 
source and the reason for your recommendation. Yes. Existing Cottonwood Bay Camp. 

t is your estimated per man day cost for this support at each location? 

did you derive this figure, i.e., what portion represents quarters and what 
tion represents subsistence and is the figure based on established commercial 
as at the location or on estimated costs to establish and maintain a field 
p? Subsistence will cost about 6/man day- 120 man days 

TOTAL $720 

::rAL LOGISTICS PROBLEHS 

t special logistics problems do you anticipate under your proposal and how 
vou propose that the problems be solved? (Provide cost estimates and in
~te whether you propose handling the problems yourself or whether you must 
and on NOAA to solve them for you? 

N/A 
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SUPPORT - FIXED "NG -33-

~ proposed flight lines on a chart of the area. Indicate desired flight 
on each line. (Note: If flights are for transportation only,. chart 

)n is not necessary but 9rigin and destination points should b~ listed.) 

Between Homer and Cottonwood Field Camp 

types of observations to be made. 
N/A 

the optimum time chronology of observations on a seasonal basis and what 
aximum allo1vable departure from these optimum times? (Key to chart 
under Item 1 Hhen necessary for clarification.) 

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

ight hours? 8 hours 4 flights round trip 

.onsider your investigation to be the principal one for the flight, 
!Cluding other activities or requiring other activities to piggyback 
:k or could you piggyback? Field camp support and personnel transportatfon 

can piggyback. 

1es of special equipment are required for the aircraft (non carry-on)? N/A 

the ,.,eights, dimensions, po~.;er requirements, and installation 
unique to the specific equipment. N/A 

~ the Heights, dimensions and power requirements of carry-on equipment? 

N/A 

pe of aircraft is best suited for the purpose? 

Otter or Beaver Floats required 

recommend a source for the aircraft? 
", please name the source and the reason for your recommendation. 
:mak Air Service continue existing charter arrangement 

the per hour charter cost of the aircraft? 

y people are required on board for each flight (exclusive of flight ere~.;)? 

2 

!o you recorr~end that flights be staged from?' 
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w 
.p.. 
0 

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

Pela,9ic and 
Demersal 
Nearshore 
Finfish 

Food Habits 

Hedia 
(Cards, cod
ing sheets, 
tapes. disks) 

Diskettes 

Diskettes 

Estimated 
Volume 
(Volume of 
lJrocessed data) 

1000-105 byte 
EDP Listings 

2000-105 byte 
EDP Listings 

Table 3 
DATA PRODUCTS SCHEDULE 

OCSEAP 
format 
(If known) 

File Type 23 

File Type 23 

Processing and 
Formating done 
by Project 
(Yes or No) 

YES 

YES 

Collection 
Fl.!t'iod 

(Month/Year to Month/Year) 

10-78 

10-78 

Subnriss 
(f.lonth/ 

1-79 

4-79 

I 
N 
co 
I 
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p. 
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RU 0 512 

Major Milestones: 

James E. Blackburn 
PI: Peter B. Jackson 

Reporting, and other significant 

Table 4 
MILESTONE CHART 

0 - Planned Completion Date 

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

contractual requirements; periods of field work; workshops; etc, 

1978 1979 
MAJOR MILESTONES 0 N D J P' M A M J J A s 0 N D 

Field Sampling 0 
Submission of ROSCOP Forms 

0 

Food Habits Analysis 0 

Laboratory Sample Analysis 0 

Keypunch Digital Data Field Sampling 0 

Food Habits 0 

Data Processing Completed 
Field Collections 
Foods 0 

Submission of Digital Data 0 0 

Submission of Quarterly Report 0 0 0 
Submission of Annual Report 0 

Submission of F.Y.80 Work Statement 0 

Submission of Final Report 0 
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I 



CU Proposal No. 0678.9.381B 
State ID No. 78-270210-381 

A Proposal to the 

National Oceanic and Atmospheric Administration 

for the support of 

ENVIRONMENTAL DATA MANAGEMENT SYSTEM AND COMPLEX OF COMPUTERIZED SYNTHESIS MAPS 

FOR BEAUFORT SEA 

Research Unit 516 

Name and Address of Institution: 

Desired Starting Date: 

Amount Requested from NOAA: 

Time Period for Which Support is Requested: 

Principal Investigator: 

Michael Vigdorchik 
Principal Investigator 
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The Regents of the 
University of Colorado 
Boulder, Colorado 80309 

1 October 1978 

$80,000 

One Year 

Michael Vigdorchik, Research Assoc. 
Institute qf Arctic and Alpine 
Research 
University of Colorado 
Boulder, Colorado 80309 ' 
303-492-6387 

Jack~Ives ' 
Director, INSTAAR 



TECHNICAL PROPOSAL 

I. Title: Environmental data management system and computerized 
maps for Beaufort Sea. 
Research Unit Number - 516. 
Contract Number 
Proposed Date of Contract- October, 1978-- September, 1979. 

II. Principal Investigator: Michael Vigdorchik. 

III. Cost of Proposal: $80,000 

IV. Background: 

A great deal of data in the OCSEAP was presented in the Quarterly 

and Annual reports and the materials summarized during the Point Barrow 

meetings. The synthesis of material~ was presented in report form. The 

flow of material continues in this manner and some attempts to evaluate 

this material have been made from the point of view of the impact made on 

the environment by oil development. The point has now been reached where 

this multi-disciplianry material could be summarized and synthesized in 

computerized form. 

This organization could be done through the framework of a computerized 

environmental data management system. The system would be used not only for 

data storage but primarily for generating new secondary .data. From there, 

it could go on to a quantitative evaluation and synthesis of these multi-

disciplinary materials. Such an evaluation would be computer generated 

environmental maps (source~ derived, interpretive and composite). This 

evaluation will not be limited to natural phenomena but will include other 

important aspects such as offshore oil operation hazards. 

Our experience is closely related to the proposed data management 

system as may be seen in the Quarterly and Annual reports. Many source 

and derived maps were generated by a -cnc 7600 (1:000,000 scale). This 
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work continues in progress at this time. Some areas of different disciplines 

are involved in our processing (oceanography, geology, glaciology). One 

year was spent in development and techn~cal organization to reach the point 

we are at. Now any kind of data can be used for preparation of environmental 

maps and updated according to new materials at any time. Many source and 

derived maps were made from digital data base during our work on submarine 

permafrost problems. It will now be expanded to generate source, derived, 

interpretive and composite maps covering other disciplines and OCS programs. 

V. Objectives: 

Summarize and synthesize the OCSEAP and pre-OCSEAP environmental 

data in the Beaufort. Sea, by using a computerized system to generate a 

series of source, derived, interpretive and composite maps, addressing 

OCSEAP tasks and subtasks--this is a major objective of the proposal. 

The Barrow Synthesis meetings have made possible the further development 

of the Data Management system not only for submarine permafrost prediction 

but as the basic approach and tool that can be utilized on any project 

which requires the analysis of different types of geographically based data as a 

basis for developing a shelf use plan or evaluation. Many maps 

were generated at the Barrow meetings by different groups of scientists in 

biological, physical oceanographic and geological source materials for our 

system. From another side the scientists at Barrow have identified the 

salient issues related to the various physical conditions, social concerns, 

economic factors and legalities affecting the shelf use plan and evalution. 

These issues were to be determined at the meeting and some of them are 

related to engineering feasibility and construction costs, losses and so 

on, while others pertain to the concerns of public safety and environmental 

impact. For FY 79, emphasis will be placed on mapping data and preparing pro-

ducts based on physical science studies in the Arctic. 
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Having the source maps and "issues of concern," we can take the next 

step in the "Data Management system" display by structuring the information 

needs of each discipline in a clear, integrated and efficient manner and 

then generating computerized environmental composite and candidate area 

maps. 

VI. General Strategy and Approach: 

The need to synthesize the la:ge amounts of data collected by 

OCSEAP and use modern, computerized methods to do so wherever ~ppropriate 

is apparent. If the data base is adequate, secondary data in the form of 

maps can be generated, helping in the multi-disciplinary evaluation and 

synthesis of the collecting materials. 

This proposal represents the continuation of our efforts to use 

computer techniques for managing large amounts of geographically based 

data. These techniques could be used in many different types of planning 

projects, including site selection studies, highway and pipeline route 

selection, resource management plans, environmental impact assessments, 

and so on. Indeed, the basic approach of this proposal can be utilized 

on any project which requires the analysis of different types of 

data as a basis for organizing shelf use plan or evalution. 

VII. Sampling Methods: 

Not applicable. 

IIX. Analytical Me_!:.hods: 

The continuation of the Offshore Geographic Based 

Information }mnagement System (OGIMS) development. 

Our data management system is designed to provide a comprehensive 

framework for recording, storing, manipulating and displaying mappable 
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information used in preparing planning studies. This program entails 

the use of electronic data processing and computer graphics to organize 

and present a variety of complex data in an orderly and systemic manner. 

Data is stored on magnetic discs allowing retrieval, analysis, and 

display of the data in the form of computer-generated maps, Techniques 

and facilities available via NGSDC in Boulder are of considerable assistance 

in these respects (especially the data files at NGSDC/EDS on bathymetry, 

etc. and their facilities for digitilizing map data). The program gives a 

dynamic base that can be readily updated, and it allows the evaluation of 

many alternatives. The system can automatically generate a great deal of 

secondary data, saving time and money during the collection phase of the 

~ 
:.II 

project. During the data analysis phase, it is possible to aggregate a 

number of subjective judgements into an integrated set of evaluations. This 

set of evaluations is based on a multiplicity of geomorphological, geological, 

cartometerical, geophysical, oceanographic and biological factors. The 

system provides a complete trace of the decision-making process as well as 

an up-to-date base which can be used for future siting and routing and 

environmental studies of this territory. 

Using the computer-oriented approach, a team of investigators is able 

to coordinate the flow of information for projects analysis, to control the 

selection and format of the data used, and to establish their value. The 

Data Structure Diagram (Figure 1) represents and organizes data requirements, 

the stages of mapping, and the production of information resulting from the 

study. 

A computerized environmental data management system will be used to 

generate maps, involving the following phases: 
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1. a) Data digitization and .preparation for computer use (major 

part done by PI's and EDS). 

b) preparation of the Source maps (one map--one characteristic). 

2. Generation of the Derived maps, based on Source maps and/or/on 

the physical and biological relations between different characteristics. 

3. Preparation of the ~terpretive data maps, based on the statistical 

correlation between characteristics belonging to the same discipline 

and given in the source and derived maps. Factor analysis and 

clustering will be used to choose the strongest links between 

different features, A cluster analysis technique will be used 

also as an important tool of mapping. 

4. Compiling of the ~ based maps includes the work with information 

from previous sections, but in the framework of a more broad dis-

ciplinary range; for example, environmental hazards map is based 

on the data on permafrost, seismic, ice gouging and other physical 

phenomena. 

5. Composite maps generation based on the assessment value setting 

obtained from all issue based maps. It shows the interdependence 

of the different components of the environments and OCS development 

("maos of sensitivity"). 

6. Synthesis candidate~ map based on all the previous analysis. 

This map will divide the Beaufort and Chukchi Seas territory on 

the areas of the different degree of the danger connected with 

OCS oil and gas development and. transportation. 
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This data Structure Diagram illustrates the relationships among the 

data information used in the study, and it can be viewed as describing 

the flow of mappable information. The layout and content of the diagram 

is developed in response to .the relevant issues (the dist'!;"ibution and the 

thickness of the permaforst in the Alaskan northern coast). The diagram 

is organized both horizontally and vertically, with the vertical organization 

arranged by the type of map analysis. The source data column contains 

"nonvalue-oriented" data from maps. The next two columns, for "derived data 

maps, 11 contain the results of cartometrical and other ways of the first usage 

of the data management. Then the interpretive ~maps and issue maps 

display information developed from source data and derived data maps. These 

maps are defined by disciplinary knowledge and the relationships between · 

source data topics. They serve as the basis to further more experimental 

and subjective analysis. We will use computer methods as .the mechanisms 

for identifying and organizing the multiplicity of the values of the data into 

a form useful in the composite analysis stages. 

We will continue to use the base maps prepared in 1977. A Geographic 

~ Map as a basis for mapping all source data at the same scale and in a 

common format (each data category can be mapped onto a separate copy of the 

GBM) and a Grid Base Map in order to facilitate the referencing of.mappable 

data for computer processing. It is used as an overlay for encoding the 

data. The individual cells on the Grid Base Map serve to represent discrete 

geographic areas which act as depositories for data. Each grid cell is 

indexed by its row and column number to provide a discrete address identifying 

a specific location. The scale of mapping will be l:lOOOOOO's and l:lSOOOOO's, 
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The capability to produce maps in both conical and UTM projections will 

be maintained. 

The four basic computer techniques that are used for interpreting and 

analyzing the data are: (1) the Translation technique for converting a single 

source data map into a secondary data map; (2) the Comparison technique for 

comparing two or more maps in order to produce a third derivative map showing 

the results of the comparison; (3) the Overlay technique for combining two or 

more maps in order to produce a composite map showing the results of the over

lay process; and (4) the Distance technique which is used for calculating the 

distance of all geographical areas from a given point, line or area. 

XIII. Anticipated Problems Connected with Physical Field Mapping: 

For Beaufort Sea we usually have observations only in a very limited 

number of points,· and the real problem is to cover the whole region with some 

reasonable data. The data assimilation problem is the problem of creating an 

equal-distance network of grid points from very sparsely distributed observation 

stations. 

In our. work~ we propose to continue using the following interpolation scheme. 

A two-dimension first or second order polinomal interpolation seems to give the 

best results. The numerical scheme follows. If we wish to calculate the value 

of some physical or geological feature at point M (Xo, Yo), we first limit our 

considerations to the domain p' {(Xi, Yi)}, which satisfied the condition: 

~Xo-Xi) 2 + (Yo-Yi)
2 

<R 

In other words, the point M is inside the circle of radius R. Each point (Xi, 

Yi) has a special weight Pi, which increases when (Xi, Yi) is near (Xo, Yo) 

and decreases elsewhere. At the point M (Xo, Yo), the value is equal to 1. 

We take point ~ as an origin or coordinates. The value of the function in 

each point inside our domain can be approximated by polinom of 2nd degree or 

1st degree, 

or 
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We will now show how to calculate the unknown coefficients c0 , c1 , c2 , c
3

, 

c4 , c5 in the case of second order polinom. This is done by.using the 

least squares numerical method. To find such coefficients that will giv~ 

the minimum to the sum 

s 
N 
k 
i=l 

Where N in number of observations inside the circle of radius R, (Xi, Yi) 

are coordinates of the given observations and~i are the values of the 

function (salinity, temperature, depth) at these points. In order to 

obtain a minimum of S we must take the derivatives of this expression 

with regard to co, cl, c2' G3' c4 and cs and obtain six linear equations, 

which are called normal equations: 

0 

c0 EPi + c1EPiXi+ c2EPiYi + c
3
EPiXi2 + c

4
EPiXiYi + c5kPiYi2 = EPi V1 

CO EPiXi + c1EPiXi
2 

+ c2 EPiXiYi + c3EPiXi3 + c4EPiXi2Yi + c
5

EPiXiYi2 = kPiXi~i 

C EPiYi + c1EPiXiYi + c2EPiYi2 + c
3
EPiXi2Yi + c

4
EPiXiYi2 + ~5EPiYi3 

= LPiXi ~i 
0 

CO EPiXi2 + c1EPiXi3 + c
2
EPiXi2yi + c

3
EPiXi4 + c

4
EPiXi3Yi + c

5
EPiXi2Yi

2 
= EPiXi2 tfi 

i:PiYil('i 
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Remembering that M (Xo, Yo) is the origin of the coordinate&, we 

have only to find c
0

; then~(Xo, Yo) = c
0

. When calculating 

the v~lue of the needed function at point M, we need only to 

move to the next point and repeat the above calculations. 

The value of Pi is a function of the distance 

di = \vi (X~ - Xo)
2 . . .. , '2 

(Yi - Yo) + 

and must equal zero when di = R. 

In our calculations we have chosen the expression 

2 

The radi~s R was chosen as R = 25AX; however, it is very il!lportant 

to be sure that at least six observations are inside the ~ircle 

when using a second order interpolation and three observations 

when using a first order. Generally all calculations were made 

with second order polinomials. Occasionally, as a test we used 

first order, an.d usually the. results were almost the same. How-

ever, second order usually gives the smoothed contours. 

Contingency Plans: 
I 

None. No field work is performed by this projec.t. 

IX. Deliverable Products: 

1. Na.rrative Reports: As required by all OCSEA¥ projects; 
-------------- -

~o include methods, results, data sources, etc. 

2. ~~i~~t-E=~S!: This project will not generate digital 

data inself, but may digitize availabl~ d~ta (OCSEAP 

and pre-OCSEAP) for use in the computerized system. 

It will make use of the available digital data base 

in EDS. 351 
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3. Visual Data: Computer-generated maps as listed under Methods 

and shown in the "Structure diagram." The main output of the proposal 

for 1978-1979 y.y. will be the creation of a system to organize the 

multiplicity of data values into a form useful in the composite analysis 

stages. In 1978-1979 we will concentrate only on three blocks of our 

system: 

a. Physical environment; 

b. OCS development; 

c. Chemical. 

4. Data Submission Schedule: 

The stages of the computerized mapping are related to the TDP schedule. 

Following this schedule, most of the source and derived maps could be 

done during 1978-1979. We have used asterisks to specify these maps 

on the "structure diagram." These maps will be submitted t.o the OCS 

Arctic Project Office according the the attached "Data Products Schedule". 

X. Quality Assurance Plan: 

Throughout the map generation process, statistical confidence. values 

will be computed and maintained in such a way that confidence limits 

can be applied to map projects for interpretation and evaluation pro

cesses. The sources of all raw data will be referenced. and maintained. 

XI. Special Sample & Voucher Speciman Archival Plans: 

None. No field work is perfo~ed by this project. No voucher specimens 

or samples are collected. 

XII. Logistics Requirement.s: 

None. No field work is performed by this project. 

XIII. Anticipated Problems: 

(see page 9. ) 
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XIV. Information Required from Other Investigators: 

The information required from other scientists could 

include the data of David Shaw, David Barrel, David E. Robertson, 

Charles M. Hoskin (ambient contaminant levels), N. N. Biswas, 

Peter Barnes, Erk Reimnitz, David Dra·ke, PaulS ellman, Edward 

Chamberlain, David M. Hopkins, Thomas Ostercamp: Will Harrison, 

James Rogers (environmental hazards), Kurt Aagard, Thomas C. 

Roger, I. K. Coachman, R. L. Charnell, I. D. Schumaher, Robin 

Muehch, Thomas C. Roer, Brian Mathews, I. C. H. Mundall, 

A. S. Naid u, Jan Cannon, Miles Hayes, Dag Nummedal, Seelve 

Martin, William Stringer, Albert Bellon, Mike Frank (transport) 

and others. We will use primarily the materials of the quarterly, 

annual and final reports, but personal communications, especially 

through the meetings in Boulder and Fairbanks are also par~ of 

the program. 

XV. Management Plan: 

See attached Milestone Chart •. and statement of Principal Investigator intent. 

XVI. Outlook: 

Assuming that the research proposal for FY 1978 is 

successfully carried out and reaches the first major plateau of 

accomplishment, we can outline the following: 

A computer-based system for systematic collection, storage 

and display of the environmental parameters is an important tool 

for an environmental assessment of the seashore continental 

shelf. 
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For incorporation in Impact Assessment considerations, it 

is anticipated that the research should be continued through FY 80 

for the whole Beaufort and Chukchi Seas shelf area, and also that 

the environment be studied. The different stages of the 

computerized mapping processes may be seen on the data structure 

diagram. We propose to finish the source and derived maps in 

1979, the greater part of the environmental hazards, ambient 

contaminant levels, development scenario, contaminant transp~rt 

and the remaining part in 1980. In 1980, it should be possible 

to begin producing the source and derived maps of the biological 

and other blocks of the system. Generation of the interpretive 

and issue based maps, could be begun in 1980 ~nd synthesis 

candidate area maps in 1981. 

The cost of this work will be approximately $80 K a year, 

which is on the same level of the current proposal. We do not 

need additional major equipment or specail field efforts and 

with logistic requirements. Of course, we continue to consider 

this work as a collective effort of the OCSEAP participants and 

hope to share our authorship with the representatives of the 

different scientific fields. 

Also, see Flowchart(a wall chart,_ copy available in Boulder). 

XVII. Standard Statements: 

Standard Statements #1,2,4,5,6,8,9,10 are appropriate to this project. 
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DATA PRODUCTS SCHEDULE 

Data Type !'ledia Estimated OCSEAP Processing and Collection Submission 
(i.e.,Intertidal, (:Cards, cod- Volume Format Formating done Period (Month/Year) 
Benthic Organisms ing sheets, (Volume of (If known)· by P. I. (Month/Year to 
etc.) tapes, disc) processed data) (Yes or No) Month/Year 

Scale: 

Source data Maps 19 1:1,000,000 Yes Oct.l978 - June, July, 1979 
1979 

1:1,500,000 
Coding sheets 19 Yes Oct.l978 - June, July, 1979 

1979 
Punch cards 12.105 Yes Oct .11J178 - June, July, 1979 

1979 
Magnetic 18 Yes · Oct.1978 - June, July, 1979 

tapes 1979 

Derived data Haps 10 1:1,.000,000 Yes July-Sept.1979 October, 1979 
1:1,500,000 

Magnetic 8 Yes 
· tapes 

w 
I.J:I 
I.J:I 

-



MILESTONE CHART 

RU #: __ ~5~1~6 ____________ _ PI: M. Vigdorchik 

Major Milestones: Reporting, data management and other significatn 
contractual requirements; periods of field work; workshops; etc. 

MAJOR MILESTONES 1978 

Data Management System and Computerized Maps 0 N D J F M A M 

Source Data Maps(physical environment block) + +- + 
Quarterly Report + + + 
Source Data Maps(physical environment block) + + + 
Annual and Quarterly Reports + +- + 
Source Data Maps(physical environment block, + + chemical block) 

-· 

Quarterly Report + + 
Source Data Maps (OCS development block) 

Derived Maps 

Report I 

1979 

J J A s 
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+ 
+- + + 
+ + + 
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TECHNICAL PROPOSAL: MODIFICATION OF PROPOSAL 

I. Title: Characterizations of the Nearshore Hydrodynamics of 
an Arctic Barrier Lagqon System: Meteorology Input 

Research Unit Number: 519 

Investigation Period: October 1978 - September 1979 

II. Investigators: Principal Investigator - Robert A. Brown, Professor (8% of time) 

Co-Investigator - Thomas L. Kozo, Predoctoral Researcher 

Performing Agency - University of Washington 
Division of Marine Resources 

III. Estimated cost FY 1979: $40,000 - Beaufort 

IV. 

A. Science $57,100 
B. PI provided logistics 2,900 
c. Total $60,000 
D. Distribution of Effort by 

Lease Area: Beaufort Sea, 100% 

Background 

This is a modification of the proposal submitted in June 1978 by 
the University of Washington for the renewal of support for Research 
Unit 519 (Contract 03-5-022-67) to provide for the procurement, deploy
ment and operation of two data buoys. This proposed modification includes 
a revised budget and a statement of work to be added to the proposal of 
June 1978. 

The need for a more accurate synoptic wind field covering the upcoming 
oil lease area in the Beaufort Sea was noted in meetings with Dr. Knut Aagaard 
and at the May 1978 Orcas Island workshop. In addition, a pressure grid 
with at least one offshore station is necessary to merge Aagaard's ocean 
current studies on the Beaufort shelf with Dr. Brian Matthews' nearshore 
Hark. 

The results from a 1976 study of a data base with inputs· from ttvo 
AIDJEX ADRANS b.uoys within the ice pack, five coastal stations, and ttvo 
inland stations (Kozo, 1977) demonstrated the greater reliability and 
higher resolution of this type of pressure grid when compared tvi th analy
sis based on National Weather Service charts with limited data input within 
the area to be leased. 

V. Objectives 

It is proposed that ttvo ADRANS buoys transmitting pressure and position 
be placed in operation from March 1 through September 30, 1979 to provide 
a high resolution synoptic wind field in the oil lease area. This buoy 
data will be augmented in August 1979 by a land based microbarograph grid 
tvith three remote weather stations to provide 10 meter winds as described 
in the June 1978 proposal. 
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2. 

The buoys will transmit position and pressure data every three 
hours during the above mentioned time period, chosen to coincide with 
Dr. Aagaard's current meter deployment. 

VI. General Strategy and Approach 

The atmospheric pressure array will consist of one land based buoy, 
one buoy within the polar ice pack and the Barter Island National Weather 
Service station. The initial position of the offshore buoy will be chosen 
to best contain the lease area during its months of operation. The Barter 
Island data is essential to establishing the geostrophic wi'nd direction 
since it completes a triangular grid. One~ the buoys are in position, 
there should be no need for ~veekly maintenance involving aircraft flights. 

In the event of malfunction or loss of the buoy within the ice pack, 
prior to August 1979, the land based buoy can be deployed offshore. How
ever, the geostrophic wind will be poorly determined without some data 
input from a second manned inshore station. Since OCS experiments are 
staged from Deadhorse, it is proposed that a microbarograph be maintained 
at the Deadhorse tower by investigators in temporary residence from March 
through July 1979. If this station cannot be set up, we will be faced with 
guessing the geostrophic wind from relative pressure gradients between 
Barter Island and the buoy. In effect the lone buoy data will be useless 
until August when the inland pressure grid will be established. 

VII. Sampling Methods 

Position and pressure data will be obtained every three hours. Raw 
data will be retrieved from NASA with conversion to position and pressure 
accomplished at the Polar Science Center 

Schedule: Data will be reduced as it comes from NASA and can be submitted 
in final form to OCS by December 1979. Note: Exchanges with Dr. Aagaard 
will be maintained throughout the experimental period. 
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TECHNICAL PROPOSAL 

I. Title:· Character'izations of the Nearshore Hydrodynamics of an 
A~ctic Barrier Lagoon System: Meteorology Input 

Research Unit Number: 519 

Contract Number: 03-5-022-67 

Investigation Period: October 1978 - September 1979 

II. Investigators: Principal, investigator - Robert A. Brown, Professor~£8% of time) 

Co-Investigator ~ Thomas L. Kozo, Predoctoral Research 
Associate II (50% of time) 

Perforn,ting Agencx - University of Washington 
Division of Marine Resources 

III. Estimated cost FY 19.79: $40.000 - Beaufort 

A. Science $ 38,525 
B. PI provided logistics 1,400 
c. Total $ 39,925 
D. Distribution of Effort by_ 

Lease Area: Beaufort Sea, 100% 

IV.- Background 

This is a proposal to investigate the mesoscale wind field in the 
area of an·arctic barrier lagoon system. The synoptic wind field 
exhibits an east-west_ bimodality in-all seasons. The summer wind field 
which is of main concern to modelers appears to be a composite of the 
existing synoptic field plus thermally driven circulations which include 
sea breezes but not land breezes. The geography of the lagoon system 
in the Beaufort Sea makes it particularly susceptible to thermal cir
culations arising from horizontal gradients in surface heating (Defant, 
1951). 

. The sea breeze cell is usually contained in the atmospheric boundary 
layer and is strongly influenced by eddy viscosity, surface roughness, and 
conduction processes. Yet its horizontal extent is large enough that the 
earth's rotation and the synoptic-scale pressure gradient cannot be 
ignored (Walsh, 1974). Previous investigators (Cotton, et al., 1976) 
have found that the synoptic environment is altered by the sea breeze 
through (1) perturbing the vertical thermodynamic profile, (2) increasing 
the depth of the planetary boundary layer, (3) inducing greater surface 
fluxes of momentum, heat, and moisture, (4) changing the vertical shear 
of the horizontal wind in the lower levels of the atmosphere., and (5) de~ 
veloping intense, horizontal convergence regions of heat, moisture and 
momentum. 

Rawinsonde data from Barter Island, Alaska have shown the percentage 
of days with apparent sea breeze influence (Kozo, 1977) on the vertical 
wind profile to be 25% from July through September for 1976 and 1977. 
Recently analyzed wind direction.data obtained at Pingok Island, Tolak
tovut Point, Cross Island and Narwhal Island show a change in modal wind 
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direction from 45-60° True in spring (limited thermal contrast 
across the coastline) to 75-90° True in summer (large thermal con
trast across the coastline). Spectral analysis of the same data 
show a greater peak in the variance of wind speed and direction at 
the diurnal period for summer than for spring data. 

The thermal forcing weakens a synoptic wind from the west, 
while strengthening one from the east. In the case of a weak synoptic 
field 7 the wind vector will rotate clockwise from a northeast direc
tion to parallel to the coast in less than 8 hours (Kozo, 1978) to 
maintain an effective easterly flow. . The greater the thermal gradient 
between land and sea; the greater will be the discrepancy between cal
culated synoptic winds and the actual measured wind (Kozo, 1978). 

Therefore, this summertime phenomenon should not be neglected in 
nearshore hydrodynamic models dealing with rates of lagoon flushing 
and oil spill trajectories. 

V. Objectives 

The degree of influence.of the thermally driven coastal atmos
pheric circulation on the measured wind.field must be calculated. To 
do this the synoptic. wind field must be produced with gre.ater accuracy 
than the National Weather Service charts. In our case a 3 microbaro
graph array would be a minimum acceptable data base (*see attached note 
for possible alternative) ·for reconstruc·tion of the synoptic wind. In 
addition, the actual. (resultant) wind field must be measured in an area 
surrounding the main experimental site (Simpson I.agoon) • 

It should be noted that the data to be reduced for this project 
is identical to that needed by the lagoon modelers and storm surge 
modelers. This proposal has the added benefit of including a mesoscale 
thermally induced atmospheric circulation study. 

Based on meetings with Dr. Knut Aagaard.and the May 1978 Orcas 
Island workshop, a further use for this data must be mentioned. In order 
to tie in Aagaard's ocean current studies on the Beaufort shelf with 
the nearshore work, the above synoptic analyses coupled with wind 
velocity measured at the farthest offshore.island (Cross) are essential. 
Continuing collaboration with Dr. Aagaard is expected to improve the 
final products of .this study. 

VI. General Strategy and Approach 

The strategy will be to compare actual measured surface winds 
(10 meter towers) with the best available synoptic data collected from 
atmospheric pressure stations in the study area and National Weather 
Service charts. 

VII. Sampling Methods 

Sampling of pressure and wind velocity data will be done on a 
continuous basis over a six-week period to coincide with ongoing related 
oceanographic variables. The length of the study is chosen to make 
synoptic time periods (5-7 days) statistically significant. 
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Schedule: 

1978 October: Reduce and digitize data from July 15 - September 1 
time period. Convert to OCSEAP format. Make graphics 
for time series presentations of measured winds and 
perform synoptic analysis by comparison of N.W.S. 
charts to pressure data •. 

December: Submit data to OCS. Use relevant data in two ... dimensional 
least squares model-compare with actual wind measurements 
at sites. Run sea breeze model to test prediction 
capabilities. 

1979 March: Submit Annual Report 

July 15: Install remote met stat:.l.ons on available towers sur
rounding Simpson Lagoon and on Cross Island to get 
"at sea" wind data farthest from coast. Put micro
barographs at Oliktok, Umiat and Deadhorse. Maintain 
pressure stations for 6 weeks. 

Sept .. 1: Remove met stations and microharographs from site area. 

VIII. Analytical Methods 

A. Data Reduction and Analysis 

The'basis data collected can be reduced and converted to acceptable 
OCSEAP format by December 1978 as accomplished in previous years. Time 
series presentations of measured winds and synoptic analysis can also 
be produced within the same time period. 

B. Modeling Effort 

A two-dimensional least squares model to reproduce the pressure 
field and calculate the geostrophic wind along the coast was automated 
and adapted to the study area in 1976. It normally requires a larger 
pressure network, utilizing data from two ADRAMS buoys offshore plus. 
data from Lonely Dew site and Happy Valley. An in depth study of the 
summer 1976 data will be undertaken. A study of spring and summer 1979 
could be initiated at minimal cost if buoys are provided. 

Implementation of a working non-linear, time dependent, pertur
bation model of the thermal forcing at the coastline with an imposed 
synoptic wind field has resulted in a reasonable matching of the 1977 
pilot balloon (wind velocity) profiles taken during sea breeze events. 
Pressure and wind velocity data, obtained in 1976, 1977 and 1978 will 
be further analyzed and used as input to this model. Technique for 
predicting wind direction and velocity changes as a function of the 
coastal thermal gradient and synoptic wind field is a desired product. 

IX. Deliverable Products 

A. Digital data, placed in OCSEAP format by investigator. 

1. Wind speed and direction at four coastal sites in the barrier 
islands region 

2. Atmospheric pressure at 4 sites in Northern Alaska 

B., C. & D. -none anticipated 
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X. Quality Assurance Plans 

Anemometer winds are annually compared to factory calibrations 
in wind tunnel tests. Microbarographs are compared to standards on 
a weekly basis. Instrument temperatures are recorded 1n the field 
for calibration purposes. 

XI. Special Sample & Voucher Specimen Archival Plans 

None anticipated. 

XII. Logistics Requirements: 

See attachment 

XIII. Anticipated Problems 

Contingency plan: l'wo-week lead ti.m.e. is planned to install remote 
weather stations and microba.rographs, Personnel at micro·' 
barograph sites, if willing, can be trained ·to annotate the 
records and·change the·graph paper, if more than one week 
lapses between station visits• 

XIV. Information Required From Other Investigators 

None 

XV. Management Plan 

See attachment 

XVI. Outlook 

A. Data products for 1 79 will be similar to '78 data. 

B. Modeling effort should bring out the effects of the thermal 
gradient 2 the coast. 

C. Closer ties to oceanographic investigators should improve resulting 
reports. 

XVII. 1. Updated milestone charts will be submitted quarterly. A schedule 
for processing and analysis of past year's data will be submitted 
to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate Project· 
Office during the contract by the first day of January~ July and 
October, Annual Report by April 1. The Final Report will be 
submitted within 90 days of the expiration of the contract. 

3. Where biota are concerned, all species and higher categories will 
be represented by the voucher specimens that will be preserved~ 
labeled, held, and shipped to an official ocsEAP-designated repos
isory in conformity with OCSEAP voucher specimen policy. 
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4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the 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 Offic~. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a writte~ 
waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruls~ or any data 
gathering effort. a ROSCOP data·collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
·expiration. New equipment purchased will be reported quarterly 
and inventoried annually. The: PI will maintatn irJVent.ories of 
all expendable and non .... expendable equiprnentpurchased with 
OCSEAP funds. Informationwill be recorded as shown on Form 
CD-281, nReport of Government Property in Possession of Contractor" 
(copy attached). Updated.copies of these tnventories will be 
submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release, for information and 
for forwarding to BLM. The release of such material within a 
period of less than sixty (60) days shall be made only with prior 
written consent of the Project Office. News releases will first 
be cleared with the appropriate Project Office. 

10. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
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C. AIRCRAFT !iUPl'Ol<T - lll::l.ICOPTf.R 

1. Delineate proposed transects nnd/or station scheme on a chart of the orca, 
(Note: If flir,hts arc for transport of: pcrconnel or equipment only from base 
camps to fici~ camps and visa versa, chart submission is not necessary but 
origin and dcstin;1tion points should be listed). Flights are for transport. 
2 trips each site: Deadhorse to Cottle Island; Deadhorse to Cros.s Island; 

Deadhorse to Tolaktovut Point ------------------------------------
2. Describe types of observations to be made. NONE 

·-·------------. --
3. What is the optimum time chronology of ohservatfons orr a seasonal basis and t-~hat. 

is the maximum allowable departure froin !:hese opt:imUin times? 

4. 

5. 

Late July and early September 

How many days of helicopter operations are requir.cc!d and how ·rnRny fl:i.ght hours 
per day? 4 

Total !light hours? 5 

Ho111 many. people are required on board for each flight (exclusive of the pilot)? 

2 

6. \lliat .:.:rc the \·!eights and dimensions of equipment or supplies to be transported? 
approximately 100 lbs, 2'x2'x3' 

7. l~hat type of helicopter do you reomrnend for your operations and \vhy? 
One with attached floats (not pop outs) for over water flights 

8. Do you recormnend a particular source for the helicopter? If "yes", please name 
the source and the reason for your recommendation. 

No 

9. \~hat is the per hour charter cost of the helicopter.? 

approximately $450.00 

10. Uhere do you rcommcntl th:J.t flights be staged (rom? 

Dead horse 

11. \.Jill speci;ll nnviga t:lon .nnd communications lH!. required? 

No 
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D. QUARTERS AND SUUSISTENCE SUl'l'ORT 

1. What are your requirements for quarters and stilisi~tencc in the field area? 
(These requirements should be broken dovn by (n) location, (b) colemlar period) 
(c) number of personnel per day and total mno days pc~ r period) • 

(a) Oliktor Dew Site (vicinity) (LGL sponsored camp), about 40 days 
Deadhorse, about 5 days 

(b) Late July to early September 
(c) 2 persons for 14 days 

1 person for 20 days 

2. Do you recommend a particular source for this support? If "yes"~ please name 
the source and the reason for your recommend a t5,on. 

3. 

No 
----·---·---·-------·-·-

\fuat is your estimated per man day cost for this support at: eaeh location? 
(a) $90/ day Deadhorse 
(b) $40/day Pingok 

How did you derive this figure. i.e. • what portion n~pre.sents quarters and what 
portion represents subsistence and is the figure based on established comm~rcial 
rates at the location or on estimated costs to establish and caintain a field 
camp? 

(a) Deadhorse estimate from past costs 
(b) .Pingok estimate from NARL experience 

E. SPECIAL LOGISTTCS PROBLDIS 

1. \\'hat special logistics problems do you anticipate under your proposal and ho\.J 
do you p~oposc that the problems be solved? (Provide cost: csll.Jilatcs and in
dicate whL.!ther you propose handling the problems your~clf or whcLher you must 
depend on NOAA to solve them for you? 

NONE 
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B. AIRCIUI.FT SUPPORT - J:'IXED HlNG 

Delineate proposed flight line3 
altitude on each l:J.nc. (Note: 
aubmiGsion is not necessary but 

on a chart of tbc area. Indicate desired fli~ht 
If flighU; arc for Lran~portation only, chart 
ori~in ancl destination points !:hCJuld be. li!>t<!tl.) 

Pingok to Umiat to Happy Valley to Deadhorse to Pingok. 

2. Describe types of observations to be made. 

None 

3. Hhat is the optimum time chronology of observations on a seasonal basis and ,.,hat 
is the maximum allowable departure from these optimun times? (Key to chart 
prepared under Itc[!l 1 when necessary for clarification.) 
Once per·week- late July to early September 

4. Ilm1 many days of flight operations are reqll.ired and ho~-1 many flight: hours per day? 
7 

5. 

6. 

Total flight hours? Vi 

Do you consider your itwcstigation to be the principal one for the flir,ht, 
thus precluding other activities or requiring other ilctivitics to piggyba<:k 
plggybad~ or could you piggyback?. 

principal 

What types of special equipment arc required for the a~rcraft (non carry~on)? 

•n1at are the weights, dimensions, power requirements, and installation 
problems unique to the specific equip@ent. 

None· 

7. Hhat are the weights, dimensions and pmver requirements of carry-on equipment? 

100 lbs., 2'x2'x2' 

8. Hhat type of aircraft is best suited for the purpose? 
no recommendation 

9. Do you recommend a nourcc for the aircraft? no recommendation 
If "ycH", ple.:tse nanw the .t;Onrcc .:tnd the 1·e.:~son [or your J~ccom::H:nd.:ttion. 

10. Hhnt is the pc1· hauL· charter C(lSt of the aircraft? 
$150.00 

11. lh)t-l rn:llly people arc. requit·cd on board for c~1c.h flir,ht (cxclu~;ivc of flir,ht crew)?' 
2 
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0 - Planned Co~pletion Date 

X - Actual Cc~ple:ion Date 

:R!J If 519 PI: R.A. Brown & T-'_1..::... •. 1S~ .. ---

!·~njo:- ~~ilr:!stones: Reporting, data. 'l:lan:teeeont :.nul ot!:t:r *::!.~nificant 
C'::n~:-cct:•..!el rcquire:::-.cnts; pe~iods of fj_eld ~·1Prk; ..,.;or:~·;hop3; etc. 
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DATA PRODUCTS SCHEDULE 

Processing 
& Formating Collection 

Data Tne Media Estimated Volume OCSEAP Format Done by PI Period Submission 

Wind speed Tape 2560 entries yes- ~0\ yes 20 July - December 1979 
direction, 1 Sept. 
air temp. 
4 locations 

Atmospheric Tape 2560 entries yes - \() \ yes 20 July - December 1979 
pressure ·1 Sept. 

w· 4 locations 
-...! 
0 
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3. TECHNICAL PROPOSAL 

I. A. Title: Characterization of the nearshore hydrodynamics of an 
arctic barrier island - lagoon system 

B. Research Unit Number: R.U. 526 

C. Contract Number: 03-5-022-55, Task Order No. ]3 

D. Proposed Dates of Contract: October 1, 1978 to September 30, 1979 

II. Principal Investigator 

J. B. Matthews, Associate Professor of Marine Science 
Geophysical Institute, University of Alaska, Fairbanks, Alaska 99701 

III. Cost of Proposal for Federal Fiscal Year (October 1, 1978 through 
September 30, 1979). 

A. Science: 

B~ P.I. Provided Logistics: 

C. Total: $156,451 

D. Distribution of effort by lease area 

1. Aleutians 
2. Beaufort Sea - 100% 
3. Bristol Bay 
4. Chukchi Sea 
5. Kodiak 
6. Lower Cook Inlet 
7. NEGOA 
8. Norton Sound 
9. St. George Basin 

10. Non-lease-area laboratory or management 
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IV. Background 

This project is an integral part of the barrier island-laaoon ecosvstem 
process study which-involves several OCSEAP research units. The original 
objectives of characterizing the nearshore water dynamics have been 
modified and adapted to the needs of the ecosystem process study. 
However the means of carrying out this work are not greatly changed. 
Thus the approach of using numerical models and verification data from 
the field is being utilized. Preliminary modeling and experimental 
field work were attempted in the first year. Extensive field work is 
being carried out in the second year using experience gained in the 
first year and making additional measurements requested by the R.U. 467 
(L.G.L.). 

During the third year we shali have extensive data analysis and 
model verification tasks to perform. The major field work is being 
carried by this R.U. and major modeling work by R.U. 531 (Mungall). The 
work proposed here will process field data and use these data to verify 
the models developed under R.U. 531. 

In add.ition to the work originally forseen and requested by R.U. 
467, the barrier island lagoon ecosystem process study, we have been 
requested to attempt additional field work to tie the lagoon dynamics to 
the shelf observations of R.U. 1 s 91 and 151 (Aagaard). This work is a 
logical extension of the work already carried out and is well within our 
present capabilities, it is detailed in this proposal with the associated 
budget items. 

V. Objectives 

It is proposed to determine, over a three-year period, the circulation 
.patterns within a characteristic lagoon system, to esti~ate flushing 
times and dispersion characteristics and to attempt to determine the 
interaction of lagoon waters with the offshore waters, especially with 
respect to longshore flow and flow between the barrier islands. 

A secondary objective, to investigate nearshore winter circulation 
and relate this to the shelf circulation as observed by other research 
units has been added with additional funds requested. This new work will 
involve extending techniques developed in earlier years in deployment of 
oceanographic instruments in sha 11 water. 

VI. General Strategy and Approach 

The overall approach falls into two parts, (1) analysis of data 
from earlier work and (2) extension of field work. 

(1) It is proposed to analyse and process data retrieved from instruments 
placed in and around Simpson Lagoon and use these data to verify numerical 
models simulating the nearshore water circulation. The data collected 
under this Research Unit will be combined with observations of other 
investigators co-operating with the ecosystem process study (R.U. 467) 
especially with those of Mungall (R.U. 531) and Leavitt (R.U. 519). 
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It had been originally thought that modelling work could be carried 
out economically on the University of Alaska 1 s Honeywell dual 66/20 
processors. However it is only economical to do the data preprocessing 
and very limited modelling on the Honeywell. Much of our data analysis 
will be carried out using a Tektronix 4051 for which we have developed 
considerable software for data preprocessing. It is proposed to extend 
the present system with a file manager which allows simultaneous access 
to several files and programs. This will allow complete current meter 
and tide gauge records to be filtered, analysed and plotted using existing 
software and without overflowing the memory capability of the system. 

We are presently completing our software for data reduction so that 
by the beginning of the renewal period we shall have a complete suite of 
editing and analysis programs for production processing. At the same 
time our data from the summer field season will be available. 

Data preprocessing will be carried out prior to the LGL Synthesis 
Workshop in December at which time our results will be presented and 
discussed. After further analysis subsequent to these discussions, data 
will be formatted and taped for easy acceptance by the numerical models. 
It is then proposed to meet with Dr. Mungall and his programmer and spend 
several weeks running numerical models with observed data as input. The 
models will be run using wind, pressure and sea level as primary input. 
The computed and observed currents and water mass characteristics will 
be compared. 

It is hoped to have the results of these numberical simulations 
available for the LGL Synthesis meeting in April, 1979. The results of 
our work will be presented in a format useful in the ecosystem process 
mode 1. 

The needs for further verification data and modelling will be 
assessed at that time and future work carried out accordingly. 

(2) The requested extension of the field program to cover the entire 
lease area and shelf will be carried out in conjunction with Aagaard 
(R.U. 91 and 151). It is proposed to spend about 10 days at the end of 
February or early March emplacing two current meters and two tide gauges 
in 10m and 20 m water depths in lines extending out from the coast off 
Oliktok Point and Flaxman Island (see map p. 13). Aagaard and his group 
will place two instruments further offshore on the same lines using the 
same logistic support. Instruments will be recovered in early June 
before ice movement begins. Re-development requested to obtain summer 
coverage. However the risk of instrument loss due to ice is very high 
at that time. It is considered that the data are worth taking the risk 
to obtain; The recovery and re-deployment excess in June is carried out 
so as to increase the likelihood of obtaining good data for the first part 
of the field season. 

Instruments will be Aanderaa recording current meters with temperature 
and salinity sensors and Aanderaa tide gauges. These will be bottom 
mounted in four cages equipped with pingers. We have used this deployment 
and recovery method from ship and through the ice with success. Aanderaa 
meters were chosen for ease of data retrieval and reliability under 
Arctic conditions. Additional equipment for diver protection and 
communication is required for winter operation. This is requested iri 
the budget. 
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The proposed work can be carried out using existing instruments, 
contingent upon their recovery during the 1978 summer field season. If 
all instruments. are not recovered, additional equipment will be requested. 
These instruments will be bottom mounted to minimize impact with ice 
keels offshore as mentioned above. 

VII. Sampling Methods 

We propose to continue our technique of using bottom-mounted, diver 
serviced Aanderaa recording current meters and tide gauges. 

During the ice-covered season divers can be~ flown by helicopter 
directly to the instrument site using the aircraft's navigation system. 
It is possible to install our bottom-mounted instruments through the ice 
and recover them by this method. This method has already proved successful 
in the 1978 season. The bottome-mounted instruments are equippped with 
pingers which may be tracked from the surface or by diver operated sensors 
as requested. 

Data recorded on these instruments can be readily analyzed using 
existing software. The Prudhoe Bay camp is conveniently located for the 
helicopter to service sites at both east and west ends of the lease 
area. 

VIII. Analytical Methods 

Field data will be translated from binary to engineering data using 
calibration constants. Translation and editing of data will utilize the 
Institute of Marine Science Aanderaa tape translator. Further editing 
and translation to engineering units is accomplished on the University 
of Alaska Honeywell dual 66/20 processors using software we have developed. 

For tide gauge data we use in situ temperaturt and salinity data 
for water column density correctTOns and the sea level barometric pressure 
data supplied by Leavitt (R.U. 519). 

Statistical, harmonic and spectral analysis, plotting and data 
reformatting are accomplished on the Tektronix 4051 system using existing 
software. 

Computations of volume flow rates are made in the format requested 
for interface with the ecological process study compute simulation. 
Tapes of data for input to the hydrodynamical numerical models are also 
prepared using the Tektronix 4051 and Honeywell 66/20 processors. 

IX. Deliverable Products 

A. Digital Data: 

1. Recorded Parameters: 

Sea level 
Current speed and direction 

2. List of Digital Products: 

Sea 1 evel 376 



D2.ta Type Hedin Estimated 
(i.e. Intertidal, (Cards, cod- Volume 
Benthic Organier.ts, ing sheets, (Volume of 
etc.) tapes, disks) processed 

Sea Level tape 20,000 

Current Meter tape 20,000 

DIGITAL DATA PRODUCTS SCHEDULE 

Processing and 
OCSEAP Formnting done Collection 
Format by Project Period 

data) (If known) (Yes or No) (Month/Year to Nonth/Year) 

records 017 Yes Feb. 1979 - June 1979 

records 015 Yes Feb. 1979 - June 1979 

Subr.dssion 
(Nonth/Year) 

January 

January 

1980 

1980 

0 
w 



File Type 017 

Pressure Gauge 

Common to all records 
vFile Type 
~File Identification 
t/ Record Type 

Gauge Number 

Record Type 1 - Text Record 
Text 
Sequence Number } optional 

Record Type 2 - Gauge Master Record I 
~Latitude/Longitude 
~Depth of Pressure Gauge 
~Number of Detail Records 

Record Type 3 - Gauge Master Record II 
~Depth to Bottom 

Meter Usage Sequence Number 
~Institution Code 
~ocation Name 

Record Type 4 - Detail Record 
..,... Date/Time 
..,... Total Pressure 
vSequence Number 
~/Temperature 
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File Type 015 

Current Meter 

Common to all records 
y-File Type 
~File Identifier 
vRecord Type 
Vf1eter Number 

Record Type 1 - Text Record (optiontal) 
V'f1eter Number 

Text 
~equence Number 

Record Type 2 - Master Record 
~titude/Longitude 
~Depth to Bottom 
vDepth of Current Heter 
~Meter Usage Sequence Number 
~Institution Code 
V"Axis Rotation 
V'tocation Name 
~umber of detail Records 

Record Type 3 - Detail Record 
~ear/Honth/Day/Time 
YEast-Weat Current Component 
~orth-South Current Component 

Temperature J 
Pressure if present 
Conductivity 

V Sequence Null)per 
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C. Visual Data 

Plots of observed currents and sea .level observations. Comparative 
numerical and observational data. 

D. Other Non-Digital Data 

Esimates of flow rates in inter~island gaps. . 
Estimates of flushing times under various typical conditions in · 
Simpson Lagoon. · : . :. 
Discussion of longshore circulation and its effect on the flow 
through the barrier islands. 
Discussion of water quality within the lagoon and its dependence 
on 1 ongshore currents, w,i nd stress and river runoff. 

X. Qua 1 i .tY Ass u ranee _P 1 ans 

Instruments- usee! will be calibrated by the ,NOAA Northwest Calibration center 
prior to use. Care will be taken to ensure correct operation of instruments · 
and interpretation of results. 

XI. Special Sample and Voucher Specimen Archival Plans· 

N/A 

XII. Logistics Requirements 

See following page. 
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AIRCRAFT SUPPORT - lii::LlCOl'TER 

Delineate proposed transects and/or station scheme on a chart. of the area. 
(Note: If flights arc for transport of personnel or equipment only fro~ base 
camps to field camps and visa versa, chart submission is not necessary but 
origin and destination points should be listed). 

On two lines off Flaxman Island and Oliktok Point as shown on a.ttached chart. 

2. Describe types of obse~vations to be made. 

Current meter and tide gauge. 

3. Hhat: is the optimum time chronology of observations on a seasonal basis and \·;hat 
is th~ maximum allowable departure from these opti::lll.l!l times? 

Late February-early March. Deployment ~2 weeks early June recovery~ 2 weeks. 

4. How many days of helicopter operations are required and how many fligh~ hours 
per day? 4 days 4 hours per day 

5. 

6. 

7. 

8. 

9. 

Total flight hours? 
16 

Ho~.r many people are required on board for each flight (exclusive of .the pilot)? 

3 

\·lhat are the weights and dimensions of equipment: or supplies to be transported? 

250 lbs. equipment 2•x2•x3• 

lvhat: type of helicopter do you reor.me':ld for you":' o;;erations a •. d ~.rhy? 

Bell '206. It has capacity and navigation aids. 

Do you rccorr .. -nend a particular source for the helicopter? If "yes", please name. 
the source and the reason for your recon:::1enda.tion. 

Yes. NOAA. 

H'hat is the per hour charter cost of the helicopter? 
$62.50 per hour 

10. \.Jhere do you reommend that flights be staged from? 

Prudhoe Bay/Deadhorse 

11. Yill special naviBation and communications be required? 
Yes. 
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GI78-103 
D. QU,\RTERS AND SUBSISTENCE SUPPORT 

1. \.Jhat arc your requirements for quarters and subsistence in the field area.? 
(These rcquircmen ts should be broken clmrn by (a) location, (b) c<llend.:J.r period, 
(c) number of personnel per day <1nd total man days per period). 
{a} Deadhorse/Prudhoe Bay 
(b) 2 weeks--3 persons--each end Feb.-early March and early June. 

2. Do you recor:unend a p<.lrticular source for this support? If "yes 11
, please n<lt:~e 

the source and the reason for your recommendation. 

3. 

Yes, Mukluk Camp. Prior successful experience. 

~Vhat is your estimated per man day cost for this support at each location? 

$100 per day. 

Hm.; d:ld you derive this figure, i.e., w:1.:1t porti:::m :::epresents ~uarters ~nd '\olhat 
portion represents subsistence and is the figure based on established co~marcial 
rates at the location or on estimated costs to establish and caintain a field 
camp? , 

Established Rates. 

E. SPECIAL LOGISTICS PROBLE}1S 

1. l·That special logistics problems do you anticipate under your proposal and hot.; 
do you propose that the problems be solved? (Provide cost estimates and in
dicate \·1hether you propose handling the problems yourself or ~hether you must 
depen·: on NOAA to solve. ::hem for yo..1? 
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XII. Anticipated Problems/ Contingency Plan 

None apart from the usual ones of working through the arctic ice. 
pack in winter. 

Helicopter is the only feasible platform from which the work.can 
be done. Deployment· in March and recovery· in ·June eliminate any water
borne means of transport and distance prohibits use of surface vehicles 
such as snow machines or tracked vehicles. 

XIV. Information Reguired from.Other Investigators 

Leavitt and Kozo (R.U. 519) wi:ll·provide sea surface barometric 
pressure and wind speed and direction for the duration of the field · 
program. 

Mungall (R.U. 531) will provide numerical models for verification. 
Truett (R.U. 467) will provide project integration information and, 
direction. 

384 



GI78-103 

XV. Management Plan 

Responsibility for· management of the project rests with the principal 
investigator. The scope and direction of the project is determined by the 
barrier island-lagoon ecosystem process study in cooperation with the OCSEAP 
project office and the principal investigator. With four quarterly reports 
and two synthesis workshops, continuous monitoring of'progress and 
segration into the overall studies is ensured. 

Fiscal and contractual matters are handled by the Geophysical Institute 
Business Office in accordance with established policy. Data management is 
the responsibility of the principal investigator and will be carried out 
under the guide lines in the foregoing-proposal. 

XVI .. Qutlook 

On the basis of our experience-over the past year; the work will ·be carried 
out efficiently and with much cooperation between the other investigators 
under the general direction of the barrier island-lagoon ecosystem.process 
study. We should have produced the first overall picture of summer hydrodynamics 
with numerical simulation and verHication. It is anticipated that the first 
data on under-ice water quality and currents.will be produced so that, 
together with the data. of Aagaard a picture of the nearshore and shelf 
circulation can begin to be assembled. 

It is more than likely that th~ results of the analysis of ~irculation in 
Simpson Lagoon will lead to·demands for similar applications to other lagoons 
along the Beaufort .Sea coast in an effort to determine the general applicability 
or uniqueness of our work. ·This will require more extensive field .efforts and 
an ·extension of the effort both spatially and temporally. Now that. we have 
some understanding of one lagoon in summer we need to. examine other lagoons . 
and estuaries. We need to know winter and spring circulation along the entire . 
coastal region. · 

As oil development continues at a rapid pace the paucity of our hard
gathered data becomes apparent. An increase in the effort and funding devoted 
to this regionis imperative if.we are to come close to keeping pace with the 
industrial activity. 
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0 - Planned Completion Date 

X - Actual Completion Date 

RU II 526 --.;:::.:;;..;;;. __ _ PI: J. Brian Matthews 

Hajor Milestones: Reporting, data management and other significant 
contractual requirements; periods of_ f_ield work; \~Torkshops; etc. 

- 1978 1979 
N.:UOR ~·!ILESTOXES 0 N. D J F H .A H J J A s 0 N .. 

. .. 
LGL Vancouver Synthesis Meeting X 
Deploy current meter/tide gauges off n Flaxman Island and Oliktok Point . X - . 

. .. 
Interface model and observational data X 
Ll:lL vancouver ~yntnes1s Meetlng 
Physical oceanography Review meeting X --

I Recovery of underice instruments X 

I~ Pre~e~gation of Results at International 
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XVII. CONTRACTUAL STATEMENTS: 

l. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project Office during the contract by the first day of 
January, July, and October, Annual Reports by April 1. 
The Final Report will be submitted within 90 days of the 
expiration of the contract. 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated repository in conformity with OCSEAP voucher 
specimen policy. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such 
reviews will be schedu.led on dates mutually sat1sfactory to 
both parties. It is understood that costs of the travel 
and per diem for these trips will be borne by the Project 
Office. 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanie~ by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion of a 
cruise or three month data collection period, unless a 
written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data 
gathering effort, a ROSCOP data ccllec~ion inve,to~y form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U. S. Government pending disposition at contract 
expiration. New equipment purchased will be reported 
quarterly and inventoried annually. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded 
as shown on form CD-281, 11 Report of Government Property in 
Possession of Contractor" (copy attached). Updated copies 
of these inventories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for P.Ublication or 
presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted to 
the appropriate Project Office at least sixty (60) days 
prior to release, for information and for forwarding to BLM. 
The release of such material within a period of less than 
sixty (60) days shall be made only with prior written consent 
of the Project Office. News releases will first be cleared 
with the appropriate Project Office. 
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10. All publications and presentations of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgment is standard: 

11 This study was supported by the Bureau of Land 
· Management through interagency agreement with the 

National Ocean.ic 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 Enviro.nmental Assessment Program (OCSEAP) 
Office.~' 
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I. 

Addendum to RU 526 

Title: Winter circulation and water quality in the Beaufort Sea 
lease area. 

Research Unit Number: 526-W 

Contract Number: 03-5-022-55 

Proposed Dates of Contract: October 1, 1978-September 30, 1979 

II. J. Brian Matthews 

III. Cost of Proposal: $45,474 

IV. Background: 

The general oceanographic features of the circulation along the arctic 
shelf have been described by Aagaard's work (RU's 91 and 151). The 
circulation in the lagoon and very-nearshore regions have been elucidated 
in the work of LGL (Matthews, Mungall); Barnes, etc. A successful attempt 
has been made to obtain water quality and sea level data in a major 
lagoon channel over the critical period from ice-covered to open-water 
season. 

In an effort to examine flow along the shelf under the ice between the 
shelf break and the shorefast ice, we have already proposed to place four 
arrays of two current meters and a tide gauge off Oliktok Point and two 
arrays off Flaxman Island during winter and spring of 1979. Two other 
arrays of instruments are to be placed in deeper water on each of these 
same lines by Aagaard for the period February-August 1979. 

Subsequently it has become apparent that in addition to these rather coarse 
measurements of overall winter circulation and water quality, more detailed 
data are required within the lease area. These additional data are to 
be used to set the physical factors controlling the biological and other 
processes within the ecosystems existing in the lease area. It has been 
proposed that a two-layer system may exist in which brine generated by ice 
formation drains seaward in the lower layer and replacement seawater 
flows in the upper layers. Additional data on this two layer current 
structrue are required to support the ecological studies. These studies 
will be in Simpson Lagoon and Steffansson Sound. This proposal is aimed 
at filling the needs of the Winter Studies program by adding some 
additional current meter and tide gauge arrays to those already proposed 
for deployment in conjunction with Aagaard (RU 151). 

V. Objectives: 

The objectives are to make continuous recordings of sea level, current 
speed and direction, temperature and salinity at the locations shown in 
the figure throughout the lease area and to record at two levels at all 
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locations where this is possible for the period October 1978 through 
August 1979. In addition, vertical profiles of salinity and temperature 
with depth will be taken through the ice during field surveys by other 
investigators. 

Data taken from the instruments should show the seasonal variations in 
water quality (temperature and salinity), currents and sea level and 
should demonstrate whether or not a two-layer system develops once ice 
formation begins. Data will be recovered in February 1979 and May 1979 
to allow important findings to be correlated with the biological data and 
significant findings to be reported for use in the lease sale decision-making. 

VI. Techinques: 

We plan to build upon experience gained during the previous spring season 
in the deployment of instruments. The techniques rely on helicopter 
logistic support and through-ice diver-servicing of instruments. For 
the deeper waters of Steffansson Sound and all stations except the Egg 
Island and Simpson Lagoon channel, we plan to use a special taut wire 
array which allows two instruments to be placed in the water column 
beneath the ice; one current meter just beneath the ice and one just 
above the sea floor. The assembly will be placed by helicopter through 
holes in the ice made for the purpose or used by other investigators for 
diving operations. 

We have coordinated our work with that of Ken Dunton (RU 356), Lou 
Haldorsen (RU 467) and Don Schell (RU 537) and will have instruments at 
those sites designated as important for these related studies. Four of 
the eight sites were originally proposed for winter work in conjunction 
with Dr. Aagaard. We shall now emplace our instruments in November 
instead of February as originally proposed. The remaining station is 
the Egg Island channel site where we have monitored the sea level and 
water characteristics since spring of 1978. The Egg Island channel 
and Oliktok Point stations will have single current meter arrays because 
of the depth limitations. 

Instrument strings will be placed through the ice as explained above at 
7 sites in November 1978 and the Egg Island site will be serviced by divers 
at that time. The 8 sites will be serviced by divers in February 1978. 
At that time all the instruments deployed in November 1979 will be recovered 
and replaced with newly-serviced and calibrated instruments. This process will 
be repeated in May 1979 and finally all surviving arrays will be recovered in 
August 1979. 

VII. Analysis: 

Data tapes recovered in November, February, May and August will be translated, 
plotted, edited and evaluated as soon as possible after recovery to 
extract relevant data for use by co-workers and decision makers. 
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Data analysis will use personnel and equipment budgeted in the existing 
FY 79 proposal for RU 526. The software is almost complete for this 
work. Field data recorded on serial tape .will be translated to digital 
data on a new tape translator. The digital tape will then be edited, 
corrected.and analyzed using existing software on the dual Honeywell 
66/20 and Tektronix 4051 processors. . It is hoped that the first plots 
of field data 'can be generated within 'about two weeks of recovery of the 
instruments. These graphical disp.lays can be supplied to other investigators 
and E.I.S. writers for use in their work. Detailed analysis will continue 
for some considerable time after the preliminary data become available. 

VIII. Logistics: 

In the renewal proposal for project RU 526 we had previously requested 
field expeditions in February 1979 and Jul.e 1979 with helicopter support. 
This new work requires three peop·le in the field based at Prudhoe with 
helicopter support from Prudhoe Bay. Logistic support for the STD 
profiles through the ice will be required with other investigators and 
will be coordinated with these investigators. For the diving work in 
November, February and May, a heated hut 20' X 20' at the dive sites 
is required. F~r our work this' could be one hut moved from site to 
site. Accommodations and heated lab. and storage facilities will be 
required at Prudhoe Bay. 

·IX. Equipment: 

For the total proposed work at the eig'itt stations a total of 14 current 
meters and 8 tide gauges are required. Current'meters should have conductivity 
cells in the r~nge 0-70 rnmho, pressure· se~sors 0-100 p.s.i. and temperature 
sensors -2.5°C to 10°C. ·Tide gauges should have a 20m (45 p.s.i.) 
transducer. 

We currently have 3 tide gauges and 7 current meters plus 4 tide gauges 
and 4 current meters borrowed from NOAA. That gives a total available of 
7 tide gauges and 11 c·urrent met.ers. However, 1 tide gauge and 1 current 
meter are still in the field leaving 6 and 10 respectively for field 
deployment in November. It w·as requested that 2 tide gauges and 4 current 
meters be purchased for deployment in November. This request was approved 
through the Arctic Project Office. 

To carry out the program as explained above we shall need to obtain 13 
more current meters and 7 more tide gauges with the specifications given 
above for the replacement in February. (The instruments .recovered in 
Egg Island channel will make up the numbers to the 14'and 8 total required.) 
In May the refurbished and calibrated instruments retrieved in February 
will be redeployed. This will not give us the NOAA standard 1 for 1 
redundancy factor but will fill the proposed objectives as long as our 
losses are not excessive and additional equipment is available .from 
NOAA. 
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The STD tape translator is requested to facilitate rapid turnaround of 
STD data. The same translator can accept Aanderaa data and will shorten 
our data processing schedule by at least two weeks. It will pay for itself 
in one field season in reduced data processing costs. The data printer 
completes the data analysis link allowing the raw binary data to be printed 
for rapid editing before conversion to engineering data and subsequent 
plotting. The equipment results in reduced labor and computer costs. 

An ROM signal processing .pack will be used to analyze data from the translator. 
This will speed data analysis by using hardware to achieve data analysis 
only previously possible through expensive and slow software. 
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FY 1979 Renewal Proposal 

To: 
rhe Envitoumental Research Laboratories -- NOAA 

uure r Con tine_nt:ll s h.: lf Envit:onm·en tal Assessmen.t Program 
Bering Sea -- Gulf of Alaska Project Office 

P. c. iiox 1d06, Jun·eau, Alaska 99802 

OCSEAP Data Processing Services (BU Number 527) 

Cos~ of Proposal: $90,0CO Lease Areas: Independent of lease 
areas 

Period of Proposal: 1 October 1978 through 30 September 1979 

INSTITUTION 

Name: 
Address: 

University of Rhode Island 
Rhode Island 02881 

P~I~CIPAL ~NVESIIGATO~ 

Namt: 

Signa.:ui:e 
Address: 

reh:phone 
Number: 

Harold Petersen Jr. Date: ~~----
~~L --~-
oata Projects Grou~ 
333 Pastore Laboratoty 

(401) 79 2-2320 

RE~UIBED ORGANIZATIONAL APPROVAL 

Name: 

Signature: 
A.ddress: 

Tel~!:> hone 
Number: 

or 

Name;: 

Siy[Jat.ure: 
i\ddress: 

Telep uor:e 
riumber: 

William Ferrante Date: 

----------------------Vice Fresident for Academic Affairs 
Administration Building 

(40 1) .792-244 7 

Nath~·el Sdge 'i 
----- g,~- < Coo~di ator of Res~ch 

Date: 

D:tvis Hall 

(401) 792-2635 
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TECri5ICAL ~30~USAL 

1. Title: 

O(.;SEAP Data £1anagement :Services 

itsearch Unit Number: 527 (Existing contract) 

Contract Numter: 03:-7-022-:-3519 ('Existing Contract) . , 

Proposed Dates of Contract: . 

. . 1 oc~obet 1978 -: 30 Septembe,r 19.79 

II. Principal Investigator: 

Ill. cost 

A. 

B. 

c. 

Dr. Harold Petersen Jr. 

Data Projects ~roup 

Pas~ore Laboratory 

Unive~sity~of .Rhode Island 

Kingston, Rhode Island 02881. 

of PrOFO::>al (Federal .Fiscal Year . 1,979): 

Science $90,000 

Logistics None 

Total $90,000 

o. Distribution of Effort by Lease Area: 

independent of lease areas. 

1V. Backyround: 

. o:: .. 

Eff.ort,is 

~ata. management p~ocedures associated with the 

BLi'l- .sponsored, NOll A -admir.listered program responding to the 

Jlf·e-ds of petroleuill development of the 1\laskan shelf call for 
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baseline study ddta to be submitted to the Beri~g S~a - ~ulf 

ot Alask.a Project Offica at Juneau, Al1ska (JPO). These data 

ar~ subci~qu~ntly. s9nt to 'the National Oceanic Data Centgr 

(N~ DC) . for acchi val and p_rod uct a:e velopniant. 

1he need ·arose for the ~pplicafion of detailed data 

valillation 'step~ to this data prioc to its formal accep'tance 

foJ: archival. Checks have been found necessary in the a·reas 

of valid code use, reasonableness of data values (range and 

r€lational checkjng), and general format adheiarice. 

During the Feriod 1 March 1977 throu~h 30 September 1978, 

this ~U has been involVed ~ith the task of validating file 

type· U33 data !Ship and Airccaft C:erisus -'Marine Birds), one 

of S6Veral data typ~s associated w{th.the program. the work. 

is ongoing• and inv6lve~ extensi~e code and raw number 

validation step~ as well·as data refor•atting. A summary of 

the$E procedures is given in Appendix I. The procedures 

tullo~ed are h~ai{iy irifluenc~d bj chi~acteristics fdund ifi 

incoming data, and are frequently modified. Consequently, the 

repo1:t given in Appendix I should be viewed as a "working 

documetit", subjecc to revision. 

The scope o£ activities r~lated to validating file type 

033 dat~ h~s teen greatly· expanded·during the ·most recent 

contract yoar, primarily in response ·to characteristics of 

i11coming data. For. example, previously unused codes and co1e 

groups came irito u~e an~ required validation, new range checks 

w~re found nec~ssary on certain data fields~ and new 

tecbn1ques were implemented for "other types of data field 
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mauipulatior.s. 

File type 013 data is only one of the file types which 

Z.:E:•:i,UU:e validdtioil. Work has recently begun on tile type 038 

(Migratory Bird Sea Watch) as wall. This task is 

presently at the stage in which appropriate range and 

r~lational checks as well· as coda. group translation and 

v0rification steps are being set up. Work on many other file 

types is being carried out at NODC. 

v. Objectives: 

It is the objective of this research to provide, within 

oudgetary limits, validity checks on and reformatting of file 

types 033, OJd, and oth~r data submitted. to JPO, as well as to 

supply that office with other program p~oducts of value in 

~E:rms of tha efficient processing of OCSEAP data. 

As a suggestion, these products could be divided into two 

typ~s, input and output. In terms of input assistance, OCSEAP 

is presently exploring the use of prompted data entry in the 

field, using microcomputer-based systems equipped with floppy 

disk output. Th9 RU's using this input medium could, inste~d 

oi taking tha additional step of copying these data to 

industry-compatitle tapes prior to submission to JPO, send 

thEm to this FU for direct entry into existing range and 

r~lational checkin~ and format verification ptograms. This RO 

could then process the data as in the past, generating 

iJ,dustry-compatible tapes as output. The procedure would 

str~an:line the data, processing flow and truly integrate the 
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promptea data Entry conc·ept i·nto an OCSEAP distributed data 

processiu~ network. 

Outpu~ assis1:.ance could be g-iven .in the form of analysis 

products provided to JfO and RU's. Two types of products ~re 

currently beinq delivered. These are the ~ODEPULL and LOGLIST 

outputs and the industry-compatible tape copies of verified 

data. The outFuts CODEPULL and LOGLIST are also used as 

integral ' ~arts of data verification procedures themselves, 

howevEr 1 RU's h~ve requested final copies of these products 

for tneir own use along with a tape copy of the verified data 

it NODC tormat. Other products could take the form of data 

analyses. ln the case of those RU's who have· 

microcomputer-based entry systems, analysis programs could be 

provided • :to thEim for use on these systems in real-tirue 

dnalysis ot data as it is acquiied and entered. Such analyses 

could he extremely valuable in decision-making situations 

conc~rning sampling rates, changes in cruise operations, etc. 

VI. General Strate~y and. Approach: 

ln tr·oduction: 

Data are fr~sently rec~ived by JPO on tape either in a 

for~at unique to the Princi~al Investigator lPI), i.e. an 

"internal f6rmat", or in adherance to OCSEAP~~esignated iormat 

acceptable for subsequent delivery to NODC ("NODt f6rmat")• 

In the former case, the format may contain, in addition 

to ~rogram r~lated data, other data not solicited by the 
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.f:'I:ogro.ru. Also, the codes used for coded data may contain 

ext~nsions which are not part of NODe approved codes. In both 

cas~s, data may ~xceed raa~onable ianges, some segments of a 

multi-segment data field may be roissin;, invalid data codes 

may ~e present, cr data record types _may be incorrectly coded. 

The task, then, is to ensure th~t data sent to NODC 

conforms to apFroved style in terms of code use, data 

reasonableness. and format adherance, as well as to provide 

JPU and RU's with agreed-upo~ additional prod~cts such as 

those indic~ted and suggested ~ri the Objectives section. 

File Type 033 Cata: 

Th~ steps involved in ongoing work on data of this tile 

type are summarizad in Appendix I, however a scenario of 

evl::!nts is provided here in order to more fully describe the 

pr&sent day-to-day processing activities. 

-Data for several field operations are received on 
tape. The t~pe is read and th~ contents made into a 
disk data set. The data set is backed up on another 
tape for security, and then split into separate data 
sets, one tcr each field operation. Each is passed 
through the progtam CODEPULL which first sorts the 
data by station number, transect type, record type 
(record types q and 5 are grouped together in the file 
type 033 format for this purpose), and sequence number 
within each record type. The program then checks each 
code field cf each record type for adheran~e to 
allowable codes, and also flags cases where required 
card types are not present (for examFle, card types 1 
and 2 should appear. before card types 3, 4, or 5 in 
file type 033 data). Invalid cod~s and invalid record 
types are flagged. 

Exawina tiou of the flagged records sometimes· 
shows that tho record type has been incorrectly 
assign<;>d. By inspection, the correct record ty-pe is 
discerned, and used with two programs, SETUPCTP and 
UHUNCTP, to change the record type in the field 
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ot-.,;tation tile. CODEPULL is a~;:Jain run, and output 
exhibiting i~v~lid codes which .require attention by 
thi. PI is J:<?t urned to that ·site for resolution. 

Data fiel~s are then rang~ and relationally 
cllt:.cked (for example, if barometric. pr(::!ssure trend is 
coded, then barometric pressure must also be coded) 
u~J.ng the .proJram LOGL~ST. This output is also sent 
to the PI tor resolution, 'and all corrections received 
1rom the ~I are used .to . update tha file with the 
~ro~rams EDI~LOG and FLDFILL. The two validation 
program;:; are .again run on the data, and if no 
additiona( errors are found, the data are converted 
(if necessa~y) .to accept;=tble NODC ~ormat prior to 
submission. ·Tne conversion· process ·is quite 
elaborate, and involves un1 t con versions, code 
conversions, data truncation, and relocation of data 
fields withit card types oi between card tipes. The 
proyram CONVPBOG. is used for this purpose. 

If subsequent qu~iity · control o~ processing is 
desired, the data are converted to a !IS data base, 
which then makes a variety of procedures., ·such as 
time-distance checks and plotting routines available. 
Any · errors in the data fou~d as a result of these 
techniques would be ~sed to update the NODC files 
prior. to their submission. 

llork status as of Jun.~ 197i:J is summarized. in Appendix II. 

Wnile co-sid~ratle progress is expected b~fore t~e· end 6f the 

present con tract year, it is not possible to finish 1 t by that 

t~me. Thus, it is propos~d that this RU continue processing 

file type U3l data alr.eady received as w~ll as any new data of 

this type rece;i. vo:d during· the .proposed contract period. 

Other ilird Da,t a: 

'lwo additional situations present th-emselves with ·respect 

to validation .cf OCSEAP..:related bird data. First, there are 

approxim,=ttely seven bird data. formats presently in use which 

rt::q uire validation procedures. Second, the types of ·formats 

to be used ~n futuie tield operations is. under review at the 

pL~sent time, and may indeed result iri replacement of existing 
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fccmats with fawer, new on~s. 

One of ta~ ~dta types requir{ng valid~tion procedures is 

file type 038, ~igratory Bird sea Watch. This data has been 

collected in a format internal to FWS. A draft setup of its 

conversiori has been made, including unit conversions, field 

r~locations, range and relational checks, code verifications. 

and "cosmetic" modifications such as deletion or insertion of 

l~~ding zeros in fields, etc. This draft setup is inciuded in 

A~pendix III, and has been delivered to FWS through JPO. Upon 

recei~t of input from these two groups, the indicated 

procedures can be put into motion. It is proposed that these 

steps be carried out and that all existing 038 data sponsorad 

by OCSEAP be processed in this fashion. 

Another file type requiring attention is file type 035, 

Bit:d Colony data. While significant amounts of data have been 

acqu~red in this format by FWS, the OCSEAP approved NODe 

format is presently under study. It is proposed that this RU 

pdrticipate in whatever way possible to assist in the 

resolution of this situation and the ultimate processing of 

this data into acceptable form. 

Vll. Deliverable Products: 

A. Diyital D~ta Products: Results of this work will be 

coo~d in EoCOIC on 9 TK tape in NODe-acceptable format for 

d€livecy to NODC. Also, tapes of the verified data and final 

copies of the outputs CODEPULL and LOGLIST will be delivered 

to the respective RU 1 s. By the inherent design of the data 
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va~idation steps described, no data which does not pass 

establish~d criteria will appear in products generated in this 

work. Th~ criteria are established in conjunction with JPD. 

ana ~I rep~esentatives. Data fields not validated in this :il 

process are, of course, subject to errors; 

B. Visual Data: If desired by JPO, cruise tracks, station 

pcsition plots, other graphical displays, or additional 

quality control cutputs will be providad. 

c. Data Submission Schedule: Data should have a D?minal 

tour week turnaround time after d~livery from JPO for 

validation checks, and con version {if necessary) • This 

schedule is subject to the conditions. described above. 

VIII. Special Sample and Voucher Specimen Archival Plaas: 

This section is not applicable to the proposed work. 

IX. Logistics Requirements: 

This section is not applicable to the proposed work. 

X. Anticipated Problems: 

Wnil~ no major prptlems are anticipateu in the production 
!I• 

use of ~his schewe, it should be pointed out that new proble~s 

ott~n arise frcm unanticipated sources. In work carried out 

to date, one of the most celebrated examples has been the use 

ot unauthorized codes by PI's. When ~hey are encountered, 

Pro~ram authorization must be secured with respect to their 

accaptance, r~jection, or translation before the data sets can 

• 
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be turther processE·i. This illustrat2s how an unanticipated 

.event oc p.arhaps cl sel:'i'!!s of them can hold up processing. lt 

is, of course, impossible to forsee all possible cases prior 

to their occurrence. Events such as these also underscore the 

n••d tor flexibility in the system. 

X~. lnformatiou Bequired from Othec Investigators: 

ln order to successfully carry out the proposed 

activities. data must be collected by the RU 1 s, entered, 

submitted to JtO, and subsequently s~nt to this site for 

processin~. 
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XII. Activity/Mileston~ Chart 

FU It: 527 PI: Harold Petersen Jr. -~ University of Rhode Island 

197t3 1979 

Major Milestones M A M J J A S 0 N D J F M A M J J A S 0 N D. 

Choic& of validation criteria 
tor type 03B data X 

Procedu~es for validation of 
FWS type 038 data op~rational o 

completion date for file 
type 033 data editing - FWS format 0 

Procedures for reforratting F~S 
type 033 data to NCDC type OJJ 
format operational X 

Quarterly Reports 

Typical s~t-up period for new 
type of data validation and 
refoLmat~inJl including meetings, 
programming, etc. 

X 0 

Annual Report . X 

Final .l:l.eport 

·EXisting 

0 0 0 

<-----)1> 

0 

Contract . . Proposed Contract 

0 

<-- Period -~><-----~--- Period --------> 
0 = Planned completion Date X = Actu•l completion Date 

0 

0 

FWS = Fish and Wildlife Service NODC = National Oceanic Data Center 



Xlll. Uut:look: 

I~ i~ ~xpected that the validation procedures similar to 

tbuse estdblished und~r the present contract and those 

~nticipated for other types of data will also be required in 

FY'~O. Funding ra~uests for FY'BO should not be si~nificantly 

greater than thcsa in FY'79, increasing oniy as a function of 

inElatiori and small equipment chang~s {perhaps 10-15~). 

Present data processing loads can be handle.d within the 

personnel and equipment framework described in the Cost 

Proposal 'below. However, this load is only a part of the 

entir~ JPO data flow. Should significant increases be made in 

this load, additional personnel and small equipment will be 

ntcassary. An increase of one staff me~ber pius computer 

time, small equ~pment, etc. would cost approximately $33 K. 

Other areas of potential increases in activity include: 

desiyn and implementation of voice techniques for data entry, 

establishment of key;disk or other equivalent key entry 

s&rvices, use of microprocessor based prompted data entry 

t6cnniques in the field, integration of' such techniques into 

an OCSEAP distributed data processin-J network, and new 

alialysis products which will aid JPO personnel in data 

mduagcment activities. It is difficult to assess the cost 

associated with these possibilities, however research in these 

areas would form a natural extension to existing and other 

propos..:d work. 

XlV. Basic Agreements: 
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the followinq st~tements co~er dreas of agreement between 

tilli: pr:opose:r and the ':)ranting· agency;. 

A. Updatad Activity/Milestone Charts will be submitted 

qua rtt;r ly. 

B. Quarterly Reports will be submitted in ~u£ficient time 

during the cont~act period to be in OCSEAP
1
hands by the first 

day ot January, July, and October, and Annual Reports by 1 

April. The Firal Report will be submitted wit.hin 90- days of 

~he termination of the contract. 

c. At t~e option ot JPO, the PI is prepared to travel to 

the ~roject Office at-least twice during the contract year to 

r~view project status and progr~ss~ Such reviews 'ill be 

sc~cduled on dates mutually satisfactory to both parties. It 

is understood that costs of the travel and per diem for these 

trips will be bourne by JPO. 

L. Data will be provided in ,the form and format specified 

by OCSEAP, acccmpanied by a data documentation form (NOAA 

24-13). 

E. heformatted and/or validated (as necessary) data will be 

made available within approximately one month after receipt 

from JP.O or desiqnated source when such procedures are in 

production status. New procedures will require approximately 

three monthfi to te put into production. 

F. Title for all property purchased with OCSEAP funds 

remains with the u.s. Government pending disposition at 

contract termination. 

G. Three copies of all publications or presentation 
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manusct:ipts p~rtair.iny to technical or scientific materieo.l 

d~velo~ed under CCSEAP funds will b~ submitted to JPO at least 

sixty days prior to rdl~~se_ fo1: inform(ition and for forwarding 

to BLM. 'fhe r~lease of such m'aterial witnin a· period of less 

than sixty days shall be made only with prior written consent 

.ot JPO. News releases will first be cleared with JPO. 

h. All publications and presentations of material developed 

uLder OCSEAP funds will acknowledge BLM/OCSEAP sponsorship, 

using tha standard acknowledgment. 
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Data Validation Procedures 
for File Type 033 Data 

409 

page 23 



OCSEAP DATA VALIDATION PROCEDURES 
For File Type 033 

(Release 3; March 31; 1978) 

In order to provide data validation for the File Type 033 data from the 
OCSEAP Projec;t, four areas need consideration. These·iilclude c·ard type vali
dation, data range and relational parameter checking, and format, code, or unit 
conversion. Since this is a multi-card type file, the card type designation 
must first be verified (an incorrect value would lead to the improper inter
pretation of remaining fields on that card), along with the occurrence and se
quencing of card types. Second, codes used in each code field (ex. - a two 
digit weather code) must be compared against all valid codes for that field for 
verification. Next, range checks must be carried out on all appropriate fields 
(ex. - sea surface temperature should be between certain upper and lower limits), 
and relational checks on interrelated fields (ex. - wet bulb temperature read
ings should be less than or equal to corresponding dry bulb temperature read
ings). Lastly, if the data are not coded in NOOC format, the necessary format 
changes must be carried out. 

Card. type designation and sequencing, ·and valid code field contents 
are checked in a program called CODEPULL. First the card type is verified. 
This must be between one and five, and certain other fields are also checked 
for further verification (ex. - a type five card must have a taxonomic code 
and a sequence number). Extra cards and missing cards are detected with 
the sequencing routine. This checks that the cards are in order, that each 
station has a unique one card followed by a unique two card, and that there 
are no duplicated or skipped sequence numbers. Then the appropriate code 
tables are called, and each code of each code field is compared with the 
appropriate table containing all valid codes for that field. 

The output from COOEPULL is a listing of the file in order by station 
·number. Any errors detected are flagged with a brief descriptive message, 
including a record count for ease in correcting, and, in the case of a bad 
code, a string of asterisks under the field. Following the file listing 
is a summary of all the codes used for each code field and their definitions. 
For a bad code, the record in which it appeared replaces the definition. 
Figure 1 is a list of the code groups checked and Figure 2 is a portion of 
a CODEPULL listing. 

Data range and relational checking are done in a program called LOGLIST. 
This verifies the data coded as raw numbers, rather than as codes. The 
contents of the data fields are first checked for numerics, signs, and lead
ing zeros and then compared to upper and lower limits appropriate to each 
field. In some cases the value of one field is dependent on the value of 
another field and these relational checks are also made. 
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Figure 1 
File IlE!t 033 Code Groups Valiclated 

Code Fie]d FWS Columns NODC Columns 

Card Type 1 
Platform Type 67-68 69 
Ship Activity 70 71 
Sampling Technique . 69 70 
Collection Code 72 
Zone Scheme 73 
Angle of View 74 
Observation Conditions 75 
Speed Type 60 
O.B.S. Region 28-30 
Observer Location 74 

Card Type 2 
Wind Direction 45-46 
Swell Direction 50-51 
Sea State 49 
Weather 16-17 55-56 
Cloud Type 57 
Cloud Amount 58 
Water Color 59 
Visibility 18 61 
Sun Direction 62 

' Glare Intensity 6'1 63 111 

Glare Area 62 64 'I 
I, 

Moon Phase 68 
Tide Height 69 
Debris 80 
Observation Conditions 19 
Turbidity 63 

Card Type 3 
Ice Cover 16,23,35 16,22 
Ice Pattern/Description 17' 24 32 
Ice Type 18, 25 17, 23 
Ice Form 19,26,34 18, 24 
Ice Relief 20, 27 l9, 25 
Ice Thickness 21, 28 20, 26 
Ice Melting Stage 22, 29 21, 27 
Open Water Type 30 28 
Ice Direction 31, 36 29, 33 
Distance 32,37,40 30, 34 
Lead/Polyna Width 33, 39 31 
Ship in Lead/Po1yna Location 38 
Collection Code 41,42,43 35,36,37 
Mamma 1 Trace 44, 45 38, 39 
Pond Size 49 

Card Type 5 
Age Class 50 32 
Sex 51 33 
Color Phase 52 34 
Plumage 53 35 
f1o1 t 54 35 
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Figure 1 (cont.} 

Code Field 

Card Type 5 (cont.} 

Counting m 
Reliability 
Distance Measurement Type 
Association Type 
Behavior 
Special Marks 
Bird Condition 
Food Source Association 
Debris 
Oil 
Habitat 

. Substrate Type. . 
Cover Code. 
Outside Zone 
rext Flag 

., '• 

FWS Columns 

-
55-56 
46-47 
62. 
63 

}4 
; 

' .-

. ' 

77 
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NODC Columns 

42 
43 
44 
50 
56-57 
58 
59 
60 

: ~· 71 
n· / :' 

76~ 77 
.. .. , . ., ·. ·:81.' . . ''."· 

82 
83· 

.. : . 



Figure 2 

Sample CODEPULL Listing 

". 

CODEPULL consists of two major sections .. 

Figure 2A is a page from the first section showing hOw the file is listed. 
It is sorted by Station, Card Type and Sequence Number and has dotted lines. 
dividing the Stations. The errors flagged·are "Bad Card Type11 because the 
Card Type 4·has no sequence number; 11 Bad Sequence Number11 because these· 
quence number field is not numeric; and "Bad Code .. because the code entered 
is invalid. 

Figure 2B is a portion of the second section. This first gives a summary 
of the number of each type of record found in the file, then a list of 
the codes used and appropriate definitions. For an invalid code the defi
nition is replaced by the record number in which it appeared. This can be 
seen for the Weather Code on Card Type 2. 
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Figure 2A 

~tS~AP - GULF uF ALASKA PRCJtCT 

••• COOi:PUll - CRIJI'.ic FW703Z 

;;.£CORD If 3 
T't'P!i 4 • 3t.D CIIP.t! TYPE 

'!ECIJRJ II " T¥P5 'o * 2 eAO SEOUF'IICE ¥ 

RECCR:l • 11 
TYPE 2 f 2 BAD CO'lc --> 

RECCRf.l I 2'o 
tYPE 2 l 4 SAD CCOE --> 

033FW703Zl 1073595250Nl492600W770523Z105 10•09 1119 b 
033FW70322 1073 260 2 03 

--> 
033FW70324 1073 WAY UP BACI<. SIDE. SEE· F I EL.O NuTESa 

--> 
OBFW70321t 1073 K IWH All 3 Vf;lY -GREY BI.CI<.S 
OHFW70325 1D73 912'10106 1 
033FW70325 1073 9128020301 1 
03lFW7032 5 1073 9129010,02 2 
OHFW70325 1073 921P.02160l 1 
03lFW70325 1073 '1218C211!>01 2 

031F;;70321 1173595130N1492o15•7705232115 

OHFW703Z2 un 251!> .. 81 

033FW70325 un 9129C 11302 
033F.c70325 un 9128020301 
03lFW70)25 1173 '1129010301 
033FW70325 1113 91290101!> 

033FW703Z1 1273595000~1492730W770523212S 
033FW70322 1273 256 .. s.r, 
033FW7!J325 127l 9128020103 
033FW 70325 1273 9129C10301 
033Fiol70325 1Z13 9127070301 
033FW70325 1213 9109030201 
OHFW70325 1213 91290101> 

OJ3Fioi70321 137 3594800NU92715w 17052-JZi. 35 

033F~70322 1373 265 

033FW7032, 1313 
.033Fiol70125 13 73 
OHFW703l5 13H 
OHFW70325 1373 
033FW70325 13 73 

9128020103 
9129011 .. 01 
9129011302 
91290103 
9129010601 

1 
4 

2 
1 

" 2 

1 
8 
3 
2 
2 

"" 2 
2 
3 
2 

Ji~c ff:MALE WIT!+ t.CTCH 11\i DORSAL 

001 
001 

10•09 1120 6 

z 03 
•• 

10 20 
20 

10 20 
1D 20 

10•09 1118 "' 2 D3 
09 20 
09 20 

20 
61 
2D 

10+09 1118 "' 
3 01 

•• 
09 20 
09 20 

03 
1D 20 

03 

"' 30 

HALF 
001 0 
002 0 
003 2 
004 0 
005 0 

(o JO 

001 0 
D02 ·o 
003 0 
001,. 0 

" 3D 

DOl 0 
002 0 
003 0 
DOlt 0 
DOS 0 

3 30 

DOl 0 
ooz D 
003 0 
001,. 0 
ODS 0 

---------------------------------------------------------------------------------------------------------------------033FW70321 147359,.600N1492715~7705Z32145 10•09 1l18 6 1 10 
033FW70322 1""73 220 3 03 
033Fiol70325 1413 9129011 .. 01 1 20 001 D 
033FW70325 1413 9128020301 1 20 002 0 
033FW7il325 1413 912<;01 s 20 003 0 
Ol3FW703l5 1473 9128020103 1 20 COlt 0 
033FW7032S 1473 91290103 2 20 005 0 

()33FW703Zl 157359~~30N1492715•7705232155 10•09 1118 6 3 30 
033FW70322 1573 '11 .. 18 3 03 
OHFW70325 1513 9129011401 5 09 20 001 0 
033FW70325 1573 9129011401 9 01 002 0 
033FW7032'; 1573 9218022001 1 003 2 
OHFW70325 1573 9128020103 1 20 004 c 
DHFWH325 1573 9129011302 2 09 20 005 0 
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Figure 2B 

CCO~ FiiilD:. PlATFORM fYPE • ·~CCCU:to91 

COOF.S CCMME"lT 
, BLANK 

••••• iU~MA~Y ••••~ 

Z17 TYPE 1 REC0~~-
277 TYPE 2 ~ECO~C~ 

0 TYPE 3 I<::CJ>~DS 
b TY"S 4 1\i:C•Ji!DS 

1659 TYPE 5 RcCw~OS 

0 R=COR05 ~IT~ AN 
lNVALl::l TY?E 

CODE Ft!:I.O: S.\'!PLl~G TECH~Il:UE - I';QCCI1:70I - FWSCl:!>'il 

CC"'HENT 

CCOS FI~LO: SHIP ACTIVITY - NtUCC1:711 

ccoi:s 
BLANK 

COI'!MENT 

CCOE FIELD: COLLECTICN CODE IP~CTOS TAKEN! - N~~CC1:7~1 

ccoe 

eeoc: 

ccoes 
BLANK 

CCMMENT 

F IELO: lONE SCttc!o!E !TRANSECT IIICTH I 

CCOES COI'MENT 
I>LANI\ 

f r:LOI ANGLE OF VIeW - NCDC ll : 7'11 

CODeS CC1'411Et.T 
BLANK 

- NODCCl: 131 

COD~ FlfLD: C8SERVATt0N CO,OITIChS - NODCC1:751 

CODeS .. 
), 

z 
1 
6 
5 
9LANK 

CCMIIENT 
AVER4GE 
PCCR 
M.iiRGINU 
EXCELLE'<T 
GOOD 
FINE 
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Figure 2B (cont.) 

cc:c:s 
~U.P<II. 
ll 
l'o 

coc~s 

~ 
3 
t, 
1 
0 
BLAM 

c::o:s 
BLA~I( 

CCIJES 
03 
0. 

.,tl 
00 
71 
61 
41 
43 

305-~ l't DEC, 
B5-l4'o DEG. 

CC"'IE11T 
i:OOCTI1-•AVi:LET 
SLIGHT. 
"':CERH: 
CH"-P.I•PLEI: 
CAL~'-CL:SSY 

CC'iMe~T 

CL~UOS Gc~cRlLLY FC~~I~C 0~ DiYSL~PI~G 

••• JOOOll 000024 OOOO'oS OJOu;l 00u6~0 000721 
RA111 C~ C~IZZLE AND SPjuW, SLIGHT 
CLO!;C O!:VcLCP'4EI'<T NOT CSS~RVEO oJi< o4ut OiiSI:k.YAIILE 
CC"TI~UOUS FALL OF SI1CW FLAK~S,.SL&CHT 
QAI~,· NCT FREEliNGo CC~T:P<UOUS, SLIGHT 
F.CG C~. IC:!, FO.C IN P.ATCHcS , . 
FCG OR IC: FOG, SKY li~YISIBLEr THINNlP<G DUfolllG LAST HOUR 

COCE FIFLO: .CLOUD TYPE - i'iCOCI2:571 

cco::s 
9LANK 
3 

CCHI'EI'il 

ALTCCU"ULUS 

CCC! FtELC: ~LOUD A~CUNT - NODCI2:58l 

CIJDES 
BLAI'iK 

CDH~EI'iT 

COCE FIELD: WATER CCL~R - ~CDCI2:591 

CGO::S 
BLANK 

COMHcNT 

CCDE FI~LD: VISIBILITY- NDOCIZ:bll - FwSIZ:t81 

C~DES 
BLA:IIK 

CCPII!EI\1 

COCc FieLD: CO~P,SS DIRECTICI'i ISUI'il - NCCCI21621 

CODeS 
BLANit 

CO ... Hcl'iT 

CCDc FI~LO: GLA~~ INTENSITY- NJOCC2:~31 - FWSC2:6tl 

CODeS 
BLAPIK 

CCDE FIFLO: ~L4~c AREA - NOCCC2:641 - FwSIZ1621 

CODES 
BLAI\K 

COPIHEIIT 
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LOGLIST prints a-columnular listing for each card type. The columns 
are identified by a three character-field code defined prior to the data 
listing. The record number is, listed on the left-and any errors detected are 
flagged in the diagnostics section on the rig~t. A totally blank field is 
indicated by a row of dots and imbedded blanks by an asterisk. Figure 3 
is a list of the limit and relational checks made and Figure 4 is a portion 
of a LOGLIST listing. 

These outputs are sent to the Principal Investigator for correcting. 
He checks the diagnostic messages and the data and marks any necessary cor
rections directly on the listing. These are returned to us and the updates 
made to the file with an interactive program called EDITLOG. Then CODEPULL 
and LOGLIST are rerun for final verification. 

Finally the data is converted to NODC format (if it was coded in another 
format) and submitted to NODC. Format conversion is done with a- prcgram 
called CONVPROG. Many different operations are carried out at this point. For 
example, data fields are moved from one place to 'anothe'r on a 'given card, or 
onto a different card; units are converted and rounded or truncated, or con
verted to codes; and codes are converted to those equiva,lent codes acceptable 
to NODC. Figure 5 is a,list of the conversion routines carried out. 

A 11 of these programs form part of the MARMAP Information System. Their 
operation is directed by a Master. System Table (MST). The MST has an entry 
for each field of each card type i.n -a file. This contains all the information 
needed for processing, including field code, data type, position, upper limit, 
lower limit, relational.checking.and conversion routines. The programs therefore 
are data independent and readily'adaptable to any file type. 
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Figure 3 
Limits and Relational Checks 

'Note: Entries apply to both F\~S and NODC unless otherwise noted. 

All Card Types 

File Type must be 033. 
File ID of all subsequent records must match that of first record .. · 

Card Type 

FWS start and end latitude between 40 and 70 degrees, 0-599 tenths of. 
minutes. · · 

F\~S start and end longitude between 120 and 180 degrees, 0-599 tenths 
of minutes, and hemisphere = .l~. 

NODC start and end latitude between 40 and 70 degrees,. 0-59 minutes,' 
0-59 seconds, and hemisphere = N. . .. . ·. · 

NODC .start and end longitude between 120 and 180 degrees, 0-59 minutes, 
0-59 seconds, and.herriisphere =; W. · · 

Date: Day between 1 and 31 , · man th between 1 and 12 •.. 
Time: Hour between 0 and 23, minutes between 1 and 59. 
Elapsed Time should be betw~en 0 and 30 minutes. 
FWS Heading.between 0 and 359 degrees. (NODC between 00 and35). 
FHS Speed between 0 and 15 knots when plat.fonn type is ship. 
FWS Speed greater than 5 knots when transect type is 71. 

Card Type 2 

FWS Wind Direction between 0 and 360 degrees. (NODC uses a· code). 
Wind Speed between 0 and 50 knots. 
Swell Height between 0 and 25 feet. 
Sea Surface Temperature between -2°C and +l0°C. 
Wet and Dry Bulb Temperature between -looc and +70°C •. 
Wet Bulb Temperature should be less than or equal to Dry Bulb Temperature. 
Temperatures are also checked for signs, numerics, and leading zeros. 
Barometric Trend should not be coded when Barometric Pressure is blank. 
Barometric trend must be +, -, t, or¢. 
Salinity between 20°/0o and 34°/0o. 
Thermocline Depth between 0 and 100 meters. 

Card Type 3 

Excess Sediment, Ice Algae, or Other Features fields should be blank. 
(FWS only). 

Card Type 5 

Taxonomic Code between 88 and 92. 
FWS Direction of Flight between 1 and 12 o'clock. 
NODC Direction of Flight between 0 and 35 degrees. 
FWS Begin Zone should be less than End Zone. 
FI~S Begin Zone and End Zone between 0 and 30 when Transect Type is 

71 or 78 (unless BZN is coded 97-99). 
FWS Begin Zone and End Zone between 0 and 60 when Transect Type is 

70 or 77 (unless BZN is coded 97-99). 
Number of Individuals must be numeric. 
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Figure 4. 

Sample LOGLIST listing 

LOGLIST lists the data for each card type individually. Fields in 
each record are then keyed by acronym codes. 

Figure 4A shows the header page and the list of acronym definitions. 

Figure 48 is a page from the data listing of Card Type 1. Blank data 
fields are depicted by a series of dots as in ~he LTD.and LNG fields while 
leading or imbedded blanks appear as asterisks as in the SPD and· HGT fields. 
The diagnostics are flagged with the messages at the right. Here the· HED 
field is out of range because it should be between 0 and 35 degrees. 
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••••• LCGLIST ••••• 

FOR CRUISE FhlClZ 

CALL FILE •••••••• 

CARD lYPE 1 

THf MARMAP INFOR~ATION SYSTEY. OCSEAP - GULF OF ALASKA PROJECT 



••• l~GLIST - C~UISE FW7032- CALL FILE ••••••••- CARD TYPE 1 

ACqCIWII. IJEF (1\;fTf(NS 

~T.\ SUTtCIII 

L/. T STIIlT LATTTUtE 

LC~ STtRT lr!IIG tTUOE 

Ol;'t; OEGc:fFS C SUI'Fl FLO OF LOI\:1 

[AT CATE - YYMMDO 

CAY CAY I SU!'!f IELC OF CATt 

vr~ ~C~T~ CSU~FIELD OF r.AT I 

lJ~ Tti>IF -, HWiol 

1-0=1 Ht:UF tSU9FtHC CF THO 

"'I"' M(PII.HS ISUIIFII!LC CF Tl~l 

LT'> ENC LUITUCE 

u•r. C:ND LCNCtTUDE 

.j::oo ELT HAP~ED Tl"E 
N ..... Tn TJ.,E ZCNE su;.,. 

Tl"' Jill£ 1C"NF NUMBF.I\ 

SPO SPHC MAflE Gt'llO 

HO CCURSE MADE GCOC 

NGT H!lf.H OF C!PS. EYES IAB~IIE SHI 

PLT PUTF(II., TYPE 

5"P SA.,FL1NG TEC~NIOU£ 

ACT SHJP ACTIVITY· 

, .. 0 FHCTrS TAitfN 

TAW TPANHCT W I!'T .. 

At.r. AI\HI! OF VIEW 

C!'C CBSI!PVATICt. CONOITICNS 

fliS OJSTAI\Cf. MADF GO~D 

ACFCt.VM OEFIN1TlCNS 

~TP WATC~ TYPE 

TPN TPAt.SECT WIOT .. 

SPECIAL CHARACTERS 

lNCICATES A COC£ FJELD 

• 1NCJCATES A PLANK CHARACTEP JN A FIELD 

l~CICATES A TCTALLY BLANit FIELD 

I FJELO 15 LlSTEO 1N TI-E DIAGNOSTICS 1F MJN-BLANK 
(CATA ~OULO OT~EPWISE NOT FIT ON nNE L1N£1 

-8 
::I 
tT . -



*** LOGLIST - C~lTS£ FW70~2 - ~All FilF. ******** - CAPO TYPE 1 

52 

53 

s 
T 
A 

l 
.\ ,, 

l 
0 
N 

0 
Jl 
T 

T 
I 

" 
*7279 5153~@K 1523~10W 770528 lG50 

*7379 5~54C8N 1523518W 770528 2~00 

l 
T 
0 

....... 

l. 
N 
G 

........ 

E T T S 
l 1. z p 
T S N D 

. "' li 
E G 
0 T 

PSAPTAnO 
l M C H P N !! I 
T P T 0 loo G C S 

. . • 6 

• • • 6 

54 *747a 56~537N l~2345EW 17C528 2010 •••~••• •••••••• 10 + 09 **9 !6 ••a • • • • • • 7 

55 

56 

57 

58 

59 

60 

61 

t:5 

66 

67 

68 

69 

70 

71 

....... . ...... . 
*7~78 565712~ l521446W 770528 2020 

*7679 565650~ 152~~0AW 77052a 2030 

*7779 570022N 1523~30W 77C52R 2040 

*7878 5701S~N 1521~54W 770528 2050 

................ 
*7G7R 5703CSN 1~23712W 770528 2100 

*8C79 57041S~ 1523~23W 770528 2110 

t8178 ~70548N 1~2394!W 770~28 2120 

*8279 5707Ct:N 1~24l06W 770518 2130 

t8378 570~3CN 1524236W 770528 2140 

te479 ~71COON l524044W 770528 2150 

t8578 57lll6N 1524524W 770528 2200 

t8678 571~42N l52464~W 770528 2210 

*@777 5717C7N 1~25048W 77C529 0400 

....... 

.. .. ... 

....... 

....... 

....... 

. . .. .. . 

........ 
*8P73 571448N 1525027W 770529 1737.••••••• 

t8~73 57131CN 1525025W 770529 1747 

t9C73 571124N l52~0~8W 770529 1757 

*9179 570942N 1~250~0W 770529 1807 

....... 
······· . . .. .. . 

......... 

........ 

.... .. .. 

........ 

........ 

........ 

. .. . .. . . 
········ .... .. .. . 
........ 
•••• •• • • ........ 

10 • 09 ••? 35 ••a • • • • 7 

10 + 09 **G 35 $*8 • • • • 7 

• 7 

10 + OG **9 33 ••a • • 7 

. . . . . • 7 

10 • oG ••q 33 ••e • 

10 • ~q ••'l 33 ••a • 

10 t 09 **q 33 **B 

10 • 09 ••s ;1 ••a • 

20 • O'l ••o •••• 
to + o9 •to 1a ••4 • 

10 + 09 *10 l8 **4 • 

. .. 

. . 

• • • 4 

• 4 

• 4 

• • 5 

• ·'5 

• 7 

• • • t; 

• 5 

10 + 09 ~10 18 **4 • . . . •• 5 

. . . . . • 5 

72 t9278 570157N 1525100W 77C529 1817 ••••••• •••~•••• 10 + OG *10 19 **4 o • • • 5 

.. .. ···- •·•. •.•• .. 10 + ~G tlO 19-*~~"4 • 5 

.... 

.... 

.... 

.... 

.... 

W T 
T R 

. P N 

• *30 

• *30 

• *30 

• ~30 

• *30 

• .. 30 

• 11"30 

• * 30 

•• 30 

• *60 

• *30 

• '1'30 

• t30 

• •30 

• *30 

• *3u 73 

l4 

t937B 57C61Z~ 1525200W 770~29 1R77 

t9479 570315N l52~250W 770529 1837 ....... ........ 10 + o<J •1o 19 ••4 • • .• · • • • 5 .... • t30 

75 *~578 5702~5N 1525326W 770529 1847 •••••a• •••••••• 10 t 09 •10.19 

76 

71 

t9678 570114N l525345W 770529 lS57 

t~77~ 565925N 1525345W .770529 1907 

........ ........ 10 • 09 tlO 19 **4 • 

... . .... to + c9 •to lB ••4 • 

5 ••••• *30 

. . . •• 5 • *30 

• t30 

!:HAGt:QSTICS 

t H~O FIELD OUTSTOE * 
• Hf.O FIELD nuTSIOE t 

t HEO FIElD OUTSIDE • 
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~ 
Card 'i'ype 1 

File Type 
File ID 
Station. Number 
Record Type 
Start Latitude 

Start Longitude 

O.B.S. Region 
Date 

Time 
End Latitude 
End Longitude 
Elapsed Time 
Time Zone Sign 
Time Zone Number 
Speed 

(Blank) 
Course Head,ing 

Height of Eyes 

Platform Type 
Sampling Technique 
Ship Activity 
O.B.S. Number 
O.B.S. Location 
Observation Conditions 

Distance 
Watch Type 
Transect Width 
(Blank) 

Card Type 2 
J:,ile Type 
File ID 
Station. Number 
Record Type 
Weather 
Cloud Type 
Cloud Amount 
Water'Color 
Visibi],i ty 
Observation Conditions 

Figure 5 

Conversion Routines 

FWS Cols 

1-3 
4-9 

10-14 
15 

16-20 

21-27 

. 28.:.30 
31-34 

35-38 
39-4·3 
44-50 
51-52 

53 
54-55 
56-59 

60 
61-63 

64-66 

67-68 
69 
. 70 

72-73 
74 

75-80 

1-3 
4-9 

10-14 
15 

16-1':' 

18 
19 

NOOC Cols 

1-3 
4-9 

11-15 
10 

16-22 

23-30. 

31-36 

37-40 
41-47 
48.-55 
56 .. 57 

58 
59-60 
61~65 

. 64-65 

66-68. 

69 
70 
71 

75 

76-79 
80 
83 

1-3 
4-9 

11-15 
10 

55-56 
57 
58 

59-60 
61 

423 

Special Processing 

Degrees, minutes, and tenths 
converted to degress, minutes, 
and seconds. Hemisphere "N" 
is added. 
Degrees, minutes, and tenths 
converted to degrees, minutes, 
and seconds. 
No NDDC. counterpart 
Add year a~d convert from day, 
month for YYMMDD. 

Same as above 
Same as above 

Round tenths of knots to whole 
knots. 

Round whole degrees into tens 
of degrees. 
Convert feet to meters (multiply 
by 0.3048, then round). 
Convert from FWS to NOOC code. 

convert from FWS to NODC code • 
No NODC counterpart 
No NODC counterpart 
Move from Col. 19 on FWS card 
Type 2 •. 
No FWS counterpart 
No FWS counterpart 
No Ft'lS counterpart. 

No FWS counterpart 
. No FWS counterpart 
No FWS counterpart 

Move to Col. 75 on. card Type 1 
for NODC. 



Figure 5 (continued) 

Field 

Card ':'"n;e 2 (cont.) 
i'iir.d Direction 

Hind Speed 
Wave Height/Sea State 
Swell Direction 
Swell Height 

Sea Surface Temp~. 

':: ...... - t", .• 

XBT Temp .... 
W~t ':B~lb .. T~mp. 
Dry Bulb Temp. 
Relative Humid.j.ty , 
Barometric Pres~ure 
Barometric Trend 
Bottom Depth 

Surfac_E1' sati~ity 
Tne~oqline ~Pth 
sun 'ri.lrection · · 
GlarEl_ Intensi,ty • . 
Glare Area 
Turbidity code .. 
Light Level 
Moon Phase.· 

,I i· .. 

Tide Height 
Tide Rise/Fall 
Distance to Shore 
Distance to Shelf 
SEC.CHI Depth 
Debris Code 
(Blank) 

Card Type 3 
File Type 
File ID 
Station Number 
Record Type 
Ice in Transect: 

Cover 
Pattern 
Type 
Form 
Relief 
Thick 
Melt· 

·:;., 

Icc Outside Transect:··· 
Cover ···· .. ·._·· 
Pattern 
Type 
Form 

FWS Cols. NODC Cols 

···! 

20-22 45-46 

23-24 
25-26 

27-28 

33:"'36 
_37.;,40 
41.;,44 

45-49 
. 50 

:51-54 

55-57 
58-60 

'•,. 61 
62 
63 

64-80' 

1-3 
4-9 

10-14 
15 

16 
17 
18 

•19 
20 
21 
22 

·23 
24 

. '25 

26 

.\: 

47-48 
49 

50-51 
52-54 

.23-26 

34-37 
30-33 

... 38-39 
'40-43 

44 
16-19 

27-29 
20-22 

62 
63 
64 

. ''··' 
;; '.65-67 

68 
;,··: .. · 69 

70 
71-74 
75-77 

. 78-79 
80 

81-83 

... ;·' .1-3 
4-9 

11-15 
10 

16 

17 
18 
19 
20 
21 

22 

23 
24 

424 

Special Processing 

Convert FWS degrees to NODC 
code (divide by _10, truncate, 
_and add 1) • 

Convert from feet to NODC cod~~ 
No FWS counterpart . 

:· convert feet to tenths of· 
'··meters (multi:P,lY .by -3.'048, then 

round). 
·Move sign adjacent to first 

: ·significant digit (embedded 
.. zeros or blanks :t~I!!()Ve4) • 
:. , No NODC counterpart . 
, 1same as Sea Surface Temp. above. 

Same as Sea .~urfape ,Temp~. above. 
. No NODC counterpart. 

.. Truncate left digit. 
' ' 

' 'convert fathoms to' mete:rs 
, , (multiply by 1.829,, ~en .round) • 

,No FWS counterpart 
'- T 

No NODC counterpart 
No FWS counterpart_. 
No FWS counterpart. 

· ·.No:FWS counterpart. 
No FWS counterpart. 
No FWS counterpart. 

·No FWS counterpart. 
·No FWS counterpart. 
~No.·FWS counterpart: 

.. " '>• 

·No NODC counterpart. 

No NODC counterpart. 



I 

Figure 5 (continued) 

Field 

Card Type 3 (cont.) 
Rc!Hef 
Thick] 
Melt 

Open Wat.er~ 
Type 
Direction· 
Distance 
Lead/Polyna Widith 

Visible Ice: 
Form 
'cover 

·Description 
Direction 
Dis tani::e · r. ' 

Ship. in Lead/Polyna: 
Location 
Width 
Distance 

MiscellaneoUs': 
Atctic:Code· 
Excess Sediment 
Ice Algae Layer 
Mammal Trace · 
Other Features 
Ice not coverable 

(Blanks) ' J ' 

Water/Land Percent· ' 
Pond Size '· 
(Blanks) 

Card Type 4 
File Type 
File ID 
Station Number 
Record Type 
Text 
Sequence No • 
(Blanks) 

Card Type 5 
File Type 
File ID 
Station Number 
Record T-Jpe 
Species Name 
Taxonomic Code 
Sub Species 
Species Group 
No. of Individuals 
Counting Method 
Reliability 
Distance Measurement 

Type 
Distance to birds 

FWS Cols. ·~~· 

27 
28 

. ··29 

30 
31 
32 
33 

., ''34 
' 'i35 

: i 36 
'37 

'' 38 
39 
40 

41 
42 
43 
44 
. 45 
46 

.. 
.... 

. ::. •47-80 
.· 
'; 

',l' 

b3 
4-9 

10,.14 
15 

16-77 
78-80 

1-3 
4-9 

10-14 
15 

16-19 
20-29 
30-31 
32-33 
34-38 

.. 
. ,,. 

<' 

;' ~""· 
,• 

25 
26 
27 

28 
29 
30 
31 

32 
~3 

,. 34 

35 
36 
37 
38 
39 

"40-46 
'' 47-48 

49 
50-83 

·1-3 
.4-9 
11-15 

.. , I 10 
16-77 
78-80 
81-83 

1-3 
4-9 

11-15 
10 

18-27 
28-29 
30-31 
37-41 

42 
43 

44 
45-47 

425 

Special Processing 

: -
!.. 

No NODC countezpart. l 
No NODC countezpart. 
No FWS counterpart. . 

l code groups not convertible. 
., Code groups not ccinvertibie. 

« ~ { ' ' • • ' ' •• 

Nq NODC counte~rt~ 
. No NOOC cowiterPa,'rt. 
.No NODC countezpart. 

·:~ f ,. 

.Convert FWS to NODC code • 
. ·code groups not convertible. 

.•:code groups nat ch'nvertibl~~-

. :code groups not convettible • 
~No oooc counterpart •. 
No FWS coun te zpart. 
No FWS countezpart • 
No FWS counterpart. 

. No NODC countezpart 
... ·Blank out trailing zero doublets 

No FWS COun~zpart 
<No FWS counterpart 

No FWS counterpart 
No FWS counterpart 



Figure 5 (continued) 

Field 

Car"l 'i"J!:.e 5 (~ont.) 

2<Jgin/C:.ltside Zone 

· E.•d Zone 
Time into Transect 

Behavior 
Flight Direction 

Age 
Sex 
Color 
Plumage 
Molt 
Association Type 
Multi-species Link 
No. os Species 
Special Marks 
Bird Condition 
Food Source 
Tax Code for Food 
Debris 
Oil 
Distar.ce from 

Breeding Colony 
Habi":.at 
o.s.s. Observer No. 
Text Flag Code 
Sequence Number 
Substrate 
Cover 

tws Cols 

39-40 

41-42 
43-45 

46-47 
48-49 

50 
51 
52 
53 
54 

55-56 
57-59 
60.-61 

62 
63 

64-73 
74 

75-76 
77 

78-80 

NODC C-:;ls 

83 

16-17 

56-57 
48-49 

32 
33 
34 
35 
36 
50 

51-53 
54-55 

58 
59 
60 

61-70 
71 
72 

73-75 
76-77 

78-80 
81 
82 

Special Processing 

rr.'1en coded 97-99 then convert 
to NODC Outside Zone Code,else 
J.gnore 
~o NODC counterpart 
Round from minutes and tenths 
to \'lhole minutes 

Convert from clock position re
lative to the vessel to compass 
direction in .tens of degrees 
(multiply by 30 and. add rounded 
heading from card type 1). 

Convert FWS code to NODC code. 

No FWS counterpart. 
Same as Tax C9de above. 

No FWS counte:q>a.rt 

No FWS counte~art 
No FWS counterpart 
No NODC counterpart 
No NODC counterpart 

No FWS counterpart 
No FWS counterpart 

The following fields will have either leading zeros or leading blanks in
serted as necessary. 

Lt•ading :Geros 

::itation :~lllllbe:c 

Start Latitude 
Start. Longitude 
End Lati tuc.lc 
End longitude 
Date: 
Time 
Course Heading 
Multi-Speci~s ~nk 

Flight Direction 
Sequence Number 

426 

Leading Blanks 

Speed 
Height of Eyes 
Wind Speed 
Sea Surface ·remp 
Wet Bulb Temp 
Dry Bulb Temp 
Bottom Depth 
No. of Individuals 
Transect width 



paCJe 2'J 

AI?~£UD1X II. 

427 



*** FIELD OPEBATI~H STATUS REPORT *** 
AS O.F 06/12/78 

OCSEAP - GULF OP ALASKA PROJECT 

COLOftH HEADING DEFINITIONS: 

TAPE Nllllllt:R -

RBSBARCII UHU' -

DATE llECEIYED -

FlLE FOIIIUT -

CRUISE NA!F. -

CODEPULL ftAIL~u -

IDbNTirrlNG NUftBER ASSIGMBD TO TUE TAPE AS IT Is RECEIVED BY RU 527. 

1\E:iURCH UNl'I NUJ!BBR OF THE PRINCIPAL INVESTIGATOR. 

DAtB THE TAPE ~AS RECEIVED 8f BU 527 •. 

FOB~AT IN WHICH TUB DATA ON THE TAPE HAVF. BEEN CODlDo 

1\AIU: ASSlG!ibO 'lO rilE FIELD QPERATlON Bf TilE PRIHCIPA:L IIIVESTIGATOB. 
"FW" CRUISES F&O! Dll. C::ALVIll: UNSIN~; ~'UCI" C::BUISES FaO!I DR.· GEOBGE IIUIT; 
"II" .:!WISES PRCil DR. JOHN WIENS; 111J.C 11 CllU::tSES. PROil .DB. JU.AN GUZilAN. · 

DA'lE THE OUTPUT FBOII THE QUALIT! cOliTROL £-BOGRAI "CODEPULL" WlS 
HAILED TO THE FRIIICIPAL.INVESTIGATOB FOB CORRBCTIOBs. 

~ LOGLIST ftAILEU - DAXE THE OUTPU'l FROil THE QUALITY CONTROL PROG~Aft "LOGLIST8 VAS 
ft~ILiU TO THE ~8INCIPAL IHVESTIGATOB FOR CORRECTIONS. 00 

CODEPULL R~TUaNED- DA~E Tn& CORREC!ED OUTPUT FROft "CODEPULL" WAS RECEIVED ax aU.527. 

LOOLIST agTUI!NED - DATE THE CORRECTED OUTPUT l'ROil "LOGLIST" WAS RECEIVED BY au· 527. · 

EDITLOG COIIPL&li:: - DATE 'FHB COi:tal!:CTI::lNS IlEBE ftADE TO THE CRUISE AT BU 527, THROUGH THE USE: 
Of Ali I N'J:ERA.:T lYE J.>SOGPAK 1~EDITLOG" • 

PINAL CHECK. - fJAlt: THE CRUISE liAS RBA!)J FOR CONVBRSIOlt TO NODC PORUT. -· . 
O~CASIONALLY ACDITIONAL PSOBLEftS ARISE iHEN "CODB~ULL" AND "LOGLIST" 
Ai1t: lsEilUii AFrU Ei>l!ING. IF raESE CANNOT liE RE:iOLVBD OViB THE lELE
rHONE THE LISTING.S AfiE SENT BACK' TO THE PI FOR l'.DRTRER COBBEC'l'IORS. 
FillS FIELD IS liOT l'ILLED IIi UNTIL ALL CORRECTIONS UlVE BEBII IUDEo 

CONVERT l'O IIIJDC - IIA'U 'lHE CRUISE liAS CCNVEPTED FBOI! FWS FOBIU.T TO NODC 1'081141'. AN· "!fA" 
(NOT APPLICABLE) IS EJITESED HEI.IB FOR CRUISES RECEIVED 11 IIODC FOUAT. 

!AlL .TO NODC DATE l'HE CkUISE IN PINAL FORI liAS S!JBiliTTBD TO-NODC. 

ENDNOTES - &EFE~ENCE HDHBlR TO ADDITIONAL COilftEHTS FOLLOWING TUB TABLE. 



••• FIELD OPERATION STATUS REPC\llT ••• 
·AS OF 06/12178 

X liE KAIU!AP IH !OR HATIO!I SYSTEl'l OCSEAP • GULF OP A.t.ASU PliOJ!CT 

.... . ',·' ..< 0 ·.··: 

rAPE· ·RfS!Ah.:H .. ,DAT·E ···FILE CRUISE · CODEPllLL · LOGLIST · C.ODEPULL·: 'LOGLIST EDIT LOG PIRAL CONVERT !'I AIL ERD 
.HUIIBEP. ·auT ; ii..ECE:IVED FOUAT RAilE !!AILED · II AILED · RETD'RifED RETURNED COllPLETE CHECK TO HODC TO IODC HOT.ES 

... :f . ,.· ~ 

ALASKA1 l.H 03/12/17 FilS 'fii5001L 07/12/17'' 08/16;177 08/29/H' · .10/06/71 .l1/20/77 02/15/78 1A 
: • .w,· ':; .. . ~ .- . ' . 

.. ';II<: •' 

ALASKA2" "JJ7 03/12177 PliS , FW5009 01/.12171 · OB/·16/77•, 10/06/77. '1 0(06/77 11/28/77 01/30/78 1A 
FilS 0 1J 07/12/77 08/16/77 OB/29/77 10/06/77 11/30/77 01/26/78 1A 

· fll5.01 B "'01!12117 08/16/77 ' 08/29/77 10/06/77 12/06/77 02/01/78 1A 
H1502J 07/12/17 OI:J/16177 . 08/29/77 .10/06/77. 12/06/71 02/1!V78 1A 
1'115024 07/12/77 08/16/77 OB/29/77 10/0b/71 11/30/77 02/15/78 1A 
t-115030 07/12/77 08/16/77 08/29/77 .· 10/06/71 12/01/77 12/05/77 02/28/78 6 
FW5032 07/12/71 08/16177 08/29/77 10/06/77 12/01/77 12/05/77 02/28/78 6 

UASKA3 3J7 05/27/77 FilS .. FWSOO!l 07/14/77 08/16/77 09/06/77. 09/06/77 12/09/17 12/09177 
.p. Fll'5 016 01/111/11· ·08/16/77 09/06/77 . 09/0.6/77 ' 12/12/77 1A 
N Fl/5021 07114/77 08/16/77 09/06/77 09/06/77 12/19/77 18 \D 

1'115026; 07/14/77 :, 08/16/n:. O!U06/77 .. Q9/06/77 01/31/78 02/01/78 
.. 1; ~ . F¥5027 . 07/,14/'1,.7. 08/1&/77 09/06/7.7' ' 09/06/"P -.02/03/78 02/06/76 

Fll5033 07/14/17 08/16177 09/06/77 09/06/71 01/30178 18 
. FII~OJ5, 07/;1.4/,77 : 08/.,,6/77 . "09/06/7;7",: 0,9/06/;H 01/30/78 02/01/18 

FW6008· .. · l~t12/7,7' ,, 1.2112/1~ 01/l0/'l6.:c ·01/10:178 02/06/78 18 
:; : Ut>027 07/14/1.7.. _,08/16/17 09/06/77 : 09/06/77: ·03/20/78 1C 

FWb 050· 07/14177 08/l'l/77 09/06/77 09/06/77 03/22/78 1C 
FWb 051 07/14/.77 08/1.6177 09/06/77. 09/06/77 03/28/78 1C 
FW6074 07/1l!f77. 08/16/77 09/06/77 09/06/17 0-3/02/78 18 
filb 0 c:U .07/M/17 (lfl,l16/77 09/06/77 09/06/77 03/13/79 18 

.. . , ., . 
ALASKA" H7 Oi:J/21lt77 FWS Fll5011 08/16/77 08/16177 11/01/77 11/01177 03/20178' 1C 

fW5012 ·08/16/77 .. ' 08/-16/77 11/01/77 11101/71 04105;:79 1C 
FW5020 08/16/77 OB/16/77 11/01177 11/01/77 04/0S/78 1C 
Fll5031 08/16/77 08/16/17 11/01/17 11/01/17 04/05/78 1C 
FW50 34 08/16177 08/16/77 11/01/77 11/01177 04/17/78 04/19/76 
f\16015 OS/16/77 Oll/16/77 11/01/77 11/01/77 04/05/78 04/18178 
FW601tl 09/16/77 · ·OS/16/77 11/01!77 l-1/01177 04/12/78 1C 
1'1160 i9 08/16/17 08/16/11 11/01177 11/01/77 04/18/78 1C 
Fl/6067 08/16/77 08/Hi/71 11/01/77 11101177 04/12178 1C 
1'11.60613 ·Ot\/16/71. 08/16/77 1-1/01177 .11/01/7-7 . 04/12/78 1C 
fWGOb8 C9/29/77 09/21/77 10/20/77 10/20/77 04/17178 1C 
~116089 Cll/16!77 08/16;77 11/01/77 11/0 1!77 02/28/78 18 
l'i1i> 094 08/16/77 Oil/16/71: 11/01/77 11!01/77 03/01/78 1C 

ALAS I\ AS U7 07/01;77 l'WS FIISO 15 09/2ql77 0~/2.:.:J/77 10/20177 10/20/17 04/24/70 1E 



*** FIELD OPERA:riON stATUS REPORT *** 
AS OF 06/12/78 

XHE KARMAP INFORMATION SYSTEK OCSEAP - GULF OF ALASKA PROJECT 

TAPE RESEARCH DA·rE FILE CRUISE CODEPULL LOGLIST CODEPULL LOG LIST EDITLOG FINAL CONVERT I'IAIL !liD 
liU 1'18 EB UNIT RECEIVED FOIUIAT lfUE !!AILED lUI LED lfETURNED BETIJRIIED CO!IPLETE CHECK TO lfODC TO liODC NOTES 

ALASKA5 J37 07/01/77 FilS fll50~5 09/29/77 09/29/71 10/20/71 10/l,0/77 04/20/78 1E 
F116001 09/29177 09/29171 10/20/71 10/20/17 04/20178 011/26/78 
Fll6002 O<J/29/77 09/29/71 10/20/71 10/20/77 011/20/78 1E 
F!!6007 . 09129177 09/29/77 10/20177 10/20/77 011/20178 1E 
Fllb 009 09/2'-J/77 09/29/17 10/20177 10/20177 04/24/78 1 F. 
Fil6021 10/28/71 10120/77 1 1/30/77 1 1/J0/"17 04/25178 1P. 
Fllb026 09/29/71 0'1/29/77 10/20177 10120/17 ·04/26178 011/28/78 
fll6 0.!'1 09/29/77 09/29/71 10/20/77 . 10/:t.0/17 04/26/78 05/0!V76 
FW60S-7 09/29/77 09/29177 10120/77 10120177 05/31/78 1E 
fll6064 o·9t29/77 09/29/77 10/20/77 ·1 0/20/77 02/20/78 18 
f\16066 09/29/77 09/29/71 10/20/77 10/20{77 02/22/78 02/21V78 
fil6070 09/29177 09/29/77 10120/17 10120/77 011/25178 1E 
Fll6095 09/29/77 09/29/77 10/20/77 "10/20/77 05/09/78 1£ 

-1> 
\;.) ALASKA6 337 07/07177 FVS !'115014 10/21/77 10/21/71 11/lll/71 .11/111/77 02/17/76 02122/78 
0 FIIS022 10121/77 10121177 1111.11/77 111111/77 06/05178 

fll5029 10/21/17 10/21/77 11/14/71 11/111/77 06/05/78 
FW50J6 10/21/17 10121/71 11/111/77 11/111177 06/05/78 06/07178 
FII50J1 10/21177 10/21/77 11!i4177 11/111/17 06/05/78 06101/18 
F\160011 10/21177 10/21/7-7 11/111/77 11/14/77 06/05/78 
FW6005 10/2117 7 10/21/77 11/111/77 11/14/71 06/05178 
Flli>O 10 10/21177 10/21177 11/14/77 11114/77 06/0!!/18 
f116 011 10/21/77 10/21/77 11/14/77 11/14/71 06/05/78 
1'116012 10/21177 10/21"/77 11/14177 11/111/77 06/07178 
Fll6016 10/21/77 10/21/17 11/111/77 11/14/77 06/07/78 
Fll6026 10/21/77 1012117? 11/1'V77 11114/17 06/07/78 06/06/78 
F116052 10/21/17 10/21177 11/1V77 11/14/17 . 06/07/78 
FW6077 10121177 10/21177 11/111/77 H/14/77 06/07178 
1'116078 10/21/77 10/21177 11/111/77 11/14/77 06/07/78 
F'W6 0!14 10/21177 10/21177 11/111/77 11/14177 06/07178 
F\16085 10/21/77 10/21/77 11/1q/77 11/1 "177 06/07/78 
Fllb092 10/21177 10/21/71 11/111/77 11/14/77 Oo/07/78 
Fll7026 10/21/17 10/21/77 11!111/17 11/14/71 
F117027 10/21/77 10/21/77 11/14177 11/111177 

ALASKA7 083 071C7/17 FilS l:C150 1 10/07177 10/07/77 
UC1b01 10/07/71 10/07/17 ' .. 

ALASKA8 JJ7 07/2ti/77 FilS fll503tJ 10/:.18/77 "10/26/77 11/30/77 11/30/77 
FW6Q1J 10/28/77 10128177 11/30177 11/30/17 
FII602S 10/28/77 10/28/71 11/30/17 11/30/77 



r·- ---

•** FIELD OP.EBATION S'l'ATDS REPORT ••• 

AS OF 0&/12/78 

XHF. HARHAP ~NFOBHATIGN SYSTEII OCS EAP - GULF OF ALASKA PROJECT 

TAPE RESEA!1CH DATI:: FILE CRUISE CODF.PULL LOG LIST COI,lEPllLL LOG LIST EDITLOG FINAL COli VERT II AIL END 
NUI!8ER U!UT iiECEIVED FORI'! AT NAME. !!AILED II AILED &ETU!\NED RETURNED COIIPLETE CIIF.CK TO IIODC TO IIODC IIOl'F!S 

ALASKAd 3) 7 07/28/77 FilS F\16082 10/28177 10/28/77 11130/77 11/30/77 
Fli6 087 10/28/77 10/28/77 11/30/77 11/30/77 

~LI\SKA9 337 Oo/OJ/77 FliS Fll5003 10/28/7 7 10/28/77 11/30/77 11/30/77 2 
FW5006 10/28/77 10/28/77 11130/77 11/)0{77 
FII~O 10 10/28/77 1 0/2A/77 11/30/77 11/30/77 
fWb 006 10/28/77 10/2cl;77 11/J0/77 11/J0/77 
Fli60 1 II 10/2 8/7 7 10/28/77 11/30/77 11/J0/77 

ALASiiA10 JJ 7 09/0bl"/7 ~ODC F\17032 10/07/77 10/07/77 11/03/77 11/03/77 11/22/77 11/30/77 /NA/ 12/12/77 
FW7 OJ 3 10/07/77 10/07/71 11/03/77 11/0J/77 11/22/77 11/30/77 /ItA/ 12/12/77 

~ 
w 

ALASKA11 3J7 11/16/77 Fil7 O)ij 11/30/77 11/30/77 01/011/78 01/04/7 A 01/09/78 01/10/78 02/28/78 1-' NODC /HA/ 
F\17 OJ 5 11/30/77 11/30;77 01/011/78 01/011/78 01/06/78 01/17/78 /NA/ 02/28/78 
Fii7 0112 1 J/30/77 11/J0;77 01/04{78 01/04/78 01/0917d 01/16/78 /NA/ O:l/28/78 
F\1704& 11/30/71 11/30/77 01/04/78 01/04/7fl 01/09/78 01/16/78 /'fU./ 02/28/78 

ALASKA12 ] 3'1 01110/78 NODC Fil7 028 01/18/78 01/18/7A 01/30/78 01/30/78 01131/78 02/01/78 /RA/ 02/28/78 
FW7 031 01i18/78 C1/18;78 01/)0/78 01/30;78 02/01/78 02/02/78 /NV 02/28/78 
FW7036 01/18/78 01/18/78 01/30/78 01/30/7 8 01/31/?B 02101/78 /NA/ 02/28178 
FW7045 01/18/78 01/18/78 01/30/78 01/:10/78 02/01/78 02/01/78 /NA/ 02/28/78 

ALASKA13 3J 7 01/10/71J ~·ws FW6 086 01/18/78 01/18/78 01/30/78 01/30/78 02/17/78 18 
Filfi 186 01118/78 01/18/78 01/30/78 01/30/78 02/17/78 02/17/78 5 

ALASKA14 OtlJ 04/1 0;78 NODC UCI602 04/h/78 011/14/78 04/25/78 04/25/78 06/02/78 06/0&178 /NA/ 

OilEGON 1 lOti 05/25/77 NODC !105220 10/26/77 10/26/77 01/03/78 01/03/78 02/03/78 05/17/78 /NA/ 05/24/78 
wo 5 221 10/2b/77 1 0;26/77 01/03{78 01/03178 02/16/70 05/17/78 /RA/ 05/24/78 
li05 310 10/26/7 7 10/26/77 01/03170 01/03/78 02/03/78 05/17/78 IRA/ 05/24/78 
1105311 10/26/77 10/26/77 01/03/78 01/03/78 02/03/78 O'i/17/78 /NA/ 05/24/78 
nO:>J.!'i 1 0/2b/77 10/26/77 01/03178 01/03/7!1 02/03/76 05/17/78 /NA/ 05/24/78 
!10 6 211 10/26/7 7 10/26/77 01/03/7A 01/0 3;7 0 02/03/78 05/17/78 /N&/ 05/211/78 3 
li0ti221 10/26/77 10/26/77 01/03/78 01/03/78 02/17/78 05/17/78 Ill AI 05/2q/78 3 
11161110 10/2f:l/77 1 0/2h/77 01/03/78 01/03/78 03/27176 05/17176 /NA/ 05/211/76 
1116150 10/26/7 7 10/26/77 01/03/76 01/03/76 03/27/78 05/17/?d /NA/ 05.(211/78 
lj 16 lb 1 10/26/77 10/26/77 01/03/76 01/03/78 03/27/78 05/17/76 /KA/ 05/24/78 3 



.j:>o 
Vol 
N 

*** FIELD OPEBATIOI STATUS REPORT *** 
AS OP 06/12/78 · 

TSE ftAHMAP IN}Ort!tATION SYSTEft OCSEAP • GULF OF ALAS~A PROJECT 

TAPE RESEAl< ::H !lATE .FILE CRUISE CODBPDLL LOG LIST CODEPULL LOG LIST EDITLOG l"IHAL CONfBBT 
NUIIBER UN!'r RECEIVED FORI! AT NA!IE !tAILED ~tAILED RETURN ED RBTIIRlfED ·COftPLETE ·cHECK TO !IODC 

OREGOtl1. 108 O':J/25/17 NODe li2b 140 10/26/71 . 10/26/77 0 1/0J/78 01/0J/78 03127/78 05/17178 /HA/ 
1136(17 0 10/26/77 10/26/77 01/03/78 01/03/78 03/27/78 05/17/78 /HA/ 

CAliADII1 . 239 .03/JU/78 NODC C1UC75 011/17178 011/17/78 05/08/78 05/08/78 05/11/78 05/15/78 /If A/ 
02UC75 011/17/78 04/17178 05/08/78 05/08/78 OS/12178 05/15/78 IliA/ 
t3UC75 04/17/78 0~/17/78. 05/08/78 05/0.8/78 05/15/78 05/16/78 /!fA/ 

· 01UC16 '04/17/78 . 04/17/78 05/08/18 0.5/0B/79 05/15/78 06/09/78 /RA/ 
C.lUC76 04/17/18 04/1.7/78' 05/09/78 05/08/78 05/15/78 06/09/78 /II A/ 
CJUC76 . 04/17/78 ' 04/17/78' 05/08/78 05/08/78 05/15/79 05/16/78 /8&/ 
OLIUC76 04/17178 ' 04/17178·. 05/08/78 05/0.8/78 0!'1/15/79 06/09/78 /NA/ 
C5UC76 04/17/78 04/17/78 05/08/78 05/08/18 05/15/78 06/09/78 /NA/ 

EIHlNOTES: 

1. A. LOGLIST AND COUEPULL SENT BACK. 1'0 PI FOR ADDITIONAL CORRECTIONS (12/12/77), RETURNED TO BU 527 (01/10/76) • 
B. LOGLIS:t AliU CUIJEI:'ULL SENT dACK TO PI FO!l ADDITIONAL COI'fiEC.TIONS (Ol/16/78) • 
c. LOGLIST AND CUIJEI:'ULL .SE.NT BACK TO PI FOR ADDITIONAL COlll'lEC'tiONS (04/26/78) • 
D. LOGLIS·f AND ,CUIJEPULL SENT BACK TO PI FOR. ADDITIONAL, CO&RECTIONS (05/18/78). RETURNED TO RU 527 ·(06/08/78). 
E •. LOGLISi: A liD ::cD&PULL SENT BACK TO EI FOr..' ADDITIOHAL ·COilliECTrONS: (Oo/06/,79). 

2. TAPE liAS UN!It;ADAJJLE, SENT BACK 'IO PI TO BE BE-GENERATED (08/31/17), RETURNED TO Btl 527. (10/21/77). 

3. UHAUTIIO!!U£D l.lGIIT LI:.VEL AND !IEl!T:lE!! CODES USED BY PI,, THESE ilLL ROT BE IHCLODED Ilf SUBIIISSIOii TO NODC. 

fl. TAPE liE'IIJIIIIC:O '10 H BRCAUSE SEVI!I Of THE EIGHT EXPECTED CRUISES COULD NOT BE POUifD (01/03/78t. 
NEii TAPE II I:fll UliliT C1WIShS RllCUVt:O (03/30/78). 

•;. :aD.ISE· FW.o1o6 15 A CONTINUAriON OF CRUISE Pll6086 BECAUSE·. Fll6086 ·HEEDED .IIOBE THAII'~99 SrATIOHS• 

6. ONE OF I"'tiS'l' ~kUI:>£S. CONVERTED (02/20/79) • FilS AND IIODC FOI\IIATS ·SENT TO l.'I POR BEVIEV. 

ftAIL BHD 
TO lfODC lfOTES 

05/24/78 
05/2~/78 

06/12/78 4 
06/12178 4 
06/12/78 4' 
06/12/78 '4, 1 D · 
06/.12178 'II 1 1D 
06/12/78 4 
06/12/78 4,10 
06/12/78 4, 1D 



u• HELD Oi'i::iiA'riON STATUS I!EPORT *** 

AS OF 06/12/78 

'i'HE IIAai'IAP INf0iUIA1'ICII SlfSt£11 UCSEAP - GULF OF lLASl& PkOJECt 

SUIIIURY: 

'l:OTAL CRUISES 
HCEIVED llY i.!U S27 113 

CQDEPULLS flAILED 
113 TO IN YES TIGATOR 

LOGLIS'rS !!AILED 
'Iu IliVBS'liGATOR 113 

t::OOEl'!ILLS Ff.TilliN ED 
ro RU !>27 111 

LOGLISTS P.ETil i!liED 
TO liU S27 111 

TOTAL CI<UISES 

.1::- J:;DITED A1 l\U S27 '1'1 
Yl 
Yl CRUISES CCNV8liTED 

IO NOIJC 2 

i.:l-UIS£5 f'IA,ILtD 
10 NODC 30 



AP~EliDIX I.t.t. 

Draft Setup for Pile Type 038 
Data Validation and coawersion 
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Data Type 
Field Operation Number 
sea Watch Number 
::tecord Type 
Latitude~ d~gre~s 

LatitudP, min. to t~ntbs 

Lon~itudl'!, d•!'grees 

Lon~itu~~. min. to tentbs 

Lon<Jitude, h2misphP-re 
~ei~ht Above ~ater 
DiRtanr.~ from Shore 

Plat!ora Type £2~ 

scope Bearing 

Blank 

File Type 038 - ftiqratory Bird sea Vatcll - :o11nrsion Layout (DUPT; 

1-3 
IP·9 

10-14 
15 

1fi-11 

18-20 

21-23 

27 
29-30 
31-35 

J6 

37-39 

40-,80 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 

. 1 
1 
1 

1-J 
4-9 

11-15 
10 

16-11 

18-19 
20-21 

22 
23-25 

26-27 
21!-29 

JO 
38-40 
31-'35 

36 
37 

41-43 

44-75 
76-80 

File rype 
File Identifier 
Station Nuabea: 
aecor-i Type 
Latitude, j~~rae3 

l.atitu'de, ainut~s 
Latitu~e, secon~s 
Latitude, me~ispnere 
Longitude, d~~raes 

Lon~i.tude, lll.llutas 
Lon <Jl tude, seconds 
Lonqitude, lllillllispae ra 
:teig~tt Above lla.ter 
Distance fro a Sil:>rit 

Plattor• Trpe =a~! 
Sanplinq·Tachoi.i~e !:29.£ 
Scop'! Bearin:~ 

Blank 
Sequence Huaber· 

CoiiiDents·or 
__ £L2£fai!~Ilna-~n~I!iRB __ 

Pad vith leading zeros. 

All latitude fields padd~d 
with leading zeros. 

Convert minutes and tenths 
to ainutes and seconds. 

Add "N" by inspection. 
All longitude fields padded 

vith leading :r;eros, 
Conv~rt all minutes and tenths 

to minutes and seconds. 

fteasured in whole feet, 
Convert from aetea:s to. 

nautical 11iles aDd: tenths • 
see code sheets. 
Ho FWS counterpart. . 
eeasured in degrees 'true north. 

Pad v ith leading :r;·eros, 

No FilS counterpart, 

-----------------------------~~----------------------------~---------------------------------------------
2 '1-J File Type Ho FIS counterpart. 
2 4-9 File Identifier Ro rws counterpart. 
2 11-15 Station. H u11bar No FWS counterpart. 
2 10 Record Typ~ No FWS counterpaa:t. 
2 16- 75 Text No FilS counterpart. 
2 76-80 Sequence HUlllb9t .so PIIS counterpart, 

-----------------------------------------------------------------------------------------·----------~----
Data Typ<- 1-3 } 3 1-3 File Type 
Fit•l!l or:-~ration Number 4'-9 ] ] 4-9 File Iilentifi!!r -~" 

Se" lfa+.ch NUJ11b;)r 1D-14 3 3 11-15 Station l'lulibar Pad vith leading zea:os. 
ll~>cord Type · 15 3 3 10 .. Record Typa 

3 16-17 Observation ·Start. year All time fields padded vith 
leading zeros. lleasured in 
GilT. NUIIIber 78, etc. added 
to year field using col11mn J 
O[ FlfS Operation Number fie lrl 

~a art, rlay 1ti-17 3 J 20-21 lbservation :it1rt, day 
~ ta r:t, month 18-19 3 J 1B-1<J Obser n tion Start, manth 
3t;, rtf hOtlr 20-21 3 3 22-23 Observation su.rt, hour 
St.dr;t, minut"! 22-;n J 3 24-25 Obsei:vatioli Start, 111inute 
"'la pH~d '; im.~, h.:"lUCS 211-25 3 3 26-27 Elapsed s i:J ill: in J rima, i'WS datuill is total transect 



Elapsed Time, minutes 

Techniqu£- £.2!!!! 
Weatber code 
Tide Treiid'-cod..! 
Tide Height £2de 
Sea State £21~ 
Observing conJitions £~~~ 

Species Abbreviation 
raxono111ic £Od~ 

Sub SpP.cias £2i~ 

SPP Group .!::2:1~ 

Number of In1ividuals 

Oehavior £2Q£ 

Pliqht Direc1:ion £QS2 

!\g'! £~!!:1 
5~x cod·.! 
Linkage-
~umb~r of Spacies 

~ptics Type £~1! 
Qpt1cs Paver 
Optics Angle 
o.o.s. Observ~r Nu~b~r 

sequ~ncP. Numb~r 

26-27 

2R 
29-30 

31 
32 
ll 
H 

35-JR 
39-48 

49-50 

51-52 

53-57 

58-59 

60-61 

62 
63 

f>4-fi6 
b7-6A 

69 
70-71 
72-7.1 
74-75 

76-1:10 

3 

3 
J 
J 
J 
3 
J 

J 
J 

l 

3 

3 

J 

3 

3 
3 
3 
3 

3 
3 
3 
J 

J 

3 

l 

3 

3 

3 

3 
J 
3 
3 

3 
3 
3 
3 

l 

l 
3 
3 
3· 

3 
3 

28-29 

60 

6R 

30-39 

40-111 

1111 
115. 
116 

58-59 

47-52 
53 
'ill 

61-62 

55-57 

42 
43 

65-67 
63"'64 

68-75 
76-80 

hours 
Elapsed Si~btim~ riae, 

ainutes 
llatch type £e!!! 

see Record rrpa ~ 
S;ee Record l)'pe II 
see accord rrpe 11 
See Recard rrpa II 

Observing Conditions 
£QS! 

ruono11 ic E!l!l! 

Sub species ~~1~ 

:olor Phase ~2!1 
Phuge £2i!2 
ftolt code 
speci;5Group l<l!l!!. 

Nu11ber of Indiviiusls 
:ounting ftathod ~2~! 
Reliability £~1l 
Behavi~r CActiritrl £2!!~ 

Di~ection ~f Fli~bt 

Age c ldss ·s212. 
S'!X £~!!2 
Linka'}e 
~umber of Spaci~~ 

Participa~in;J 

Bbnk 
Se<JUeilce Nu11bec 

ti•e, but NODC datum is 
elapsed sighting time - needs 
resolution. 

See code sheets. 

see code sheets, 

Bo RODC counterpart. 
Codes beginning with 88 were 

used and will not be 
converted, but trailing zero 
doublets vill be re•oved, 

CBob Gill of FilS vill advise-
on conversion). 

No FilS counterpart. 
No FilS counterpart. 
Ro FilS count~rpart. 
Acquired in NODC for•at. See 

code sheets. 

~o PWS counterpart, 
No PIIS counterpart. 
CBob .Gill of PIIS vill advise 

on conversion). 
convert from clock position 

Creference position vill be 
given by Bob Gill) to degrees 
from true north, Pad vith 
lea•Ung zeros, 

see code sheets, 
See code sheets, 
Pad vith leading zeros, 
This is the number of species 

linked together, which can 
also be obtained froa· the 
"linkage" field, hence is 
left !!.!!!!.~ after conversion, 

Bo NODC counterpart. 
Bo NODC counterpart, 
Bo NODC counterpart. 
No NODC counterpart. · 
No FWS counterpart.:· 
Pad vith leading zeros, 

~-------------------------------------------------------------------------------------------------------
4. 
II 

4 

. . 

1-J File· 1'ype 
4-9 File ld~ntifier 

11-15 Station Nu11bec 

Data in coluans 1-15, 
inclusive, obtained fro11 
corresponding type 3 record, 

Pad with leading zeros, 



It 1.0 .. Rec'ord. Typa 
IIPather .£2~!! 21-30 ) II 16-17 !leather 5.2!! See code sh'eets.· 
Tide Trl?'nd £2~~ 31 l II 18 Tide Trend 5~~!· see code sh&ots. 
"'ide Height £2:!Jl 32 J II 19 tide lfeigbt ~e!! See code sheets. 
Sea state £2~ )j 3 II 20 Seastate S2!!! See code sheets. 

II 21-34 .. Proposed !d:Ht.i;,a of Observation start and Elapsed 
. . Sighti.D'.l riaa to tbis record fro11· J;:orresponding 

type l re::ora for. 11llig 11e identification of data. 
II 35•75 Blank 
II 76-80 Sequeru:e .N11aber . · .. Pad vith leadiag zeros • 

. , " 

;,'.· 



' i 

I 

. ' 
I 

,, I 

llf 

.,1 

I 

II 

' 

File Typ~ Ol8 - Ki9ratory Rird Sea ~atch 

Co~~ Gro~ps Validated 
(FWS r~rm~t Citat,ons) . 

__ R!£2ti_I~2~-l-
Pla.tform Type 

--R~£2~d f~!_j __ 
•rechnique 
Weather 
Tide Tren\l 
Tida Height 
sea state · . 

' ·, ~ 

Observing ~on!i~ions 
species Abbreviation 
Sub Species · 
SPP. Group 
Behavior· 
A9a 
Sex 
Optics·Type 

28' 
29-30 

31 
32 
lJ 
]4. 

.J~-38 
169~50 

5h52' 
58.;. 59 

62 
6~ 
69 

i ' 

438 

Needs .clarificatiQn 
WMO Code Q677 usei 
Sallie as NODC 

·SaiDeas HODC 
w~o Code 3700 use~· 
Needs clarificati~m 
FiS int. code usei 
Needs clarificat~on 
3 ame. as NODC 
Nee~s clarification 
Same as HODC 
Salle as HODC 
:lK. 



11 
12 
13 

. 14 
15 

2.0 
51 
52 
53 

Eb 

For!!!l.L_ 
rws 

NODC 

File Typo 038 

~iqratory Hird Sea Watch 

rlatform Typ~ C~de 

__ f~~g_!J:eL
J 
3 

Miller Freeman 
· · Discoverer · 
·Moana ilave 
surveyor 
o.B.~. Research vessel 

·Nordic Prince 
. Non-specialized ship' 
P2V 
Goose 
otter. other 2 ~ngine 

aircraft 
Single engin~ aircraft 
sbor'! Observer (b) 

means blank 
Helicopter 

439 

~-ata£.Jiii!!~!~~-, 
1 

.. J .. 
; 1 

. :• ., ' .. 

2 
J 
R 

·5 

5 
p 

E 



I' 

I 
II 
! 

•' 
I 

_ [~!!I! __ 
FWS 

NODC 

PWS --------, 
2 
3 
4 

P'ilo Type 0 36 

~igratory Bird sea Watch 

Technique Code 

__ Rl~~u:d.-Il:J!L _ 
3 
3 

1!0 deq. irif{nitY 
Fixed scope 
Lagoon count 
1 ! hour whole -

miq. watch 

_£i!!i!!a __ 
28 
&0 

(Bob Gill - je don't have the equivalent NODC codes 
for this coda 1roup - do you have 't:he11?. - flal:) 

00 

OJ 

41 
4:l 
68 
69 
87 
88 
71 
75 

-I~!:l!UU __ 
FWS 

NODC' · 

Fil"'! ?ype 038 

"i~ratory Bird sea watch 

weather Co•te 

--li2~~-!l2f __ 
3 

--k~!!!!!UlL-
29-30 

4 

Clear to. partly 
cloudy, less than 
SOY. cover 

Cloudy to overcast, 
qreater than 501 
cover 

Fog, patchy 
Fog, solid 
Bain, light 
Rain, heavy 
Hail, light 
Hail, heavy 
snow, light 
snow'· heavy 

.. 440 

. 16-17 

s 
A 

fl 
E 



' , .. 

+ 

0 

1 
2 
3 
4 
5 

__ f:Q£!!~.t __ 
FWS 

NODC 

__ f.Q.!;;!!!.!!.t: __ 
FWS 

NODC 

File Type 038 

~iqratory Bird Sea Watch 

ride Trend Cod:! 

'~ ,! ,. r, ' ~~ • P, • <I. • 

__fii!£Qrd_!y2~--
3 
4 

; ... 
__ f.~~tinitioa__ 

RiRing 
Falling 
Ebb. full 

. . ~ ·- f 

Fi:l,r- Ty'tH . .OJS .. ·;· 

~iqratory Riro Sea Watch 

Tida HE!ig~~. c;odt:':l 

--E~£Q£!Ll:I.I!:sl 
.J 
4 

tws Defini t:ion 
---~--.. -~-----------

High 
.~/4 

;~j_ 1/2 
1/4 
Low 

. . ~ .. 

441 

--S:.:~!!:i.!!!n __ 
31 
18 

) . 

column ----3"2 ___ _ 

19 

s 
A 

K 
E 

. ~ : ' 

_ _!!Q~_gg,msJ. ~l! ~·- _ 

s 
A 

•: 'I 

K 
E 



• 
,,, 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
] 

4 
5 
6 
7 

_[Q.,!;:.!!!.~.t __ 
FWS 

NODC 

__ .f.Qt:!!I!.t __ 
FWS 

NODC 

fil.,: Typ<=! 038 

Mi}ratory Bird sea Watch 

Sea State Code 

__ !!3.£2t:!L.II.e.~--
3 

C:> lumn ---13 ___ _ 

4 

Calm-glassy 
calm-rippled 
0.1-o.s m 
0.5-1.25 m 
1. 25-2.5 m 
2. 5-4 m 
4.,.6 m 
6-9 m 
9-14 m 
>14 Ill 

File Type 038 

~iqratory Bird sea Watch 

Jbserving Conditions code 

--R~£2t:!LII.es __ 
3 
3 

Poor 
IntermecUate 

degrees 
Moderate 
Intermediate 

degrees 
F:xcell<:!nt 

20 

s 
A 

M 
E 

_£i2!!!!!Ul-
Jq. 

6!3 

1 - Terr ib l:! 
2 - Marg ina.L 
3 - Poor 
4 - Avecage 
5 - Fina 
6 - Good 
7 ( Excellent 

(Bob Gill - Th~ only NODC code that matchas exactly is 
number 7. FWS code number 1 matches NODC code number J 
as far as the vord definition goes,·but y:>u might vant t~ 
equate it with NODC r.ode number 1. Please provide us ~ith 
the set of equivalences you think best fits the use of your 
codas and the NODC definitions. - Hal) 
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IJNBI 
ONLO 
UNAL 
RPAL 
LAAL 
UNPR 
NOFU 
SOSH 
SBSR 
SCI'T 
ONSP 
FTSP 
LESP 
UNCO 
PECO 
RFCO 
UNCH 
UNSC 
UNPH 
REPH 
NOPH 
UNJ!\ 
POJ1 
PAJA 
UNGU 
GWG!J 
HF.GIJ 
UNKI 
BLKI 
ARTE 
ALTE 
UN A L 
UNMU 
COMfl 
TBMU 
PIGU 
i"'AM!J 
ANMIJ 

__ !Qr!!!.~~-
Fws 

NOD::: 

Pil<=, Type 038 

Migratory Bird Sea Watch 

species Abbreviation Code 

--~Ql!!!!!.!l.§ __ 
35-38 

No counterpart 

Unidentified Bird 
Unidentified Loon 
Unidentified Albatross 
Black-footed Albatross 
Laysan Albatross 
Unidentified Procellarid 
Northern Fulmar 
Sooty Shear-water 
Slender-billed Shearvater 
.::>caled Petrel 
Unidentified Storm Petrel 
Forked-tailed Storm Petrel 
Leach's Storm Petrel 
Unidentified cormorant 
Pelagic Cormorant 
R~d-faced Cormorant 
Unidentified Charadrid 
Unidentified Scolopacid 
Unidentified Phalarope 
Red PhalaL"ope 
Northern Phalarope 
Unidentifi~d Jaeger 
Pomarine JaegeL" 
Parasitic Jaeger 
Unidentified Gull 
Glaucous-winged Gull 
Herrinq Gull 
Unidentified Kittiwake 
Black-legged Kittiwake 
Arctic Tern 
Aleutian Tern 
Unidentified Alcid 
Unidentified Murre 
Common MuL"re 
Thick-billed Murre 
Pigeon Guille~ot 
Marbled MurL"elet 
Ancient Murrelet 

443 



CAArJ 
PAAU 
CRAIJ 
t?HI\!1 
IIOPU 
TIJPU 
BLOY 
PE:FJI. 
B 1\ El\ 
DCCO 
HADfJ 
CORI 
1'1RG!J 
KIMU 
BOGU 
BRCO 
L.BAIJ 
RfiME 

C<J.ssin's Aukl~t 
Para.k~et Auklet 
•:rested Auk:let 
~hinoceros Auklet 
Horned puffin 
rutto.d Puffin 
llack oysterca tcher 
P~regrine Falcon 
Bal•j Eagle 
Do~ble-crested cormorant 
li 3 rleg: uin Duck 
Common Eider 
:iew Gull 

Red-breast~d Merganser 
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_ !Q.I::.!!tl.t. __ 
FWS 

tmoc 

F.il~ 'l'ype 03B 

~iJratory Rird Sea ~atch 

Sub Species Co.de 

--li~EQ£!LII.lHL_ 
3 
3 

--~2-lY.!!!.!!§ __ 
4 9-50 
40-41 

(Bob Gill - rhis was one of the code groups for which 
you were yoing to provide us guidance. Please fill 
out this page with the correct entries. - Hal) 

_ [QI::.~!: __ 
FWS 

NODC 

_f.!!§ __ 

File 'l'ype 018 

Mi~ratory Bird Sea Watch 

SPP Group Code 

--E2£.2A~LIY£~--
3 
3 

--~2.!!!'.!!!!!,2 __ 
51-52 ' 
53-59 

(The5e codes ~re used to extend the ten-di~it taxonomi= 
code assignments. Those established by NJDC were used 
unchanged by PWS. No code verification is planned.) 
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01 
02 

03 

07 
10 

20 

31 
32 
)5 

48 

61 

65 

66 

70 

76 
82 

90 
91 
92 
C}) 
94 
95 
96 

97 
99 

__ fQ£!!!.:1-t __ 
FWS 

NODC 

Fil<.~ Typ•~ 038 

Migratory Bird Sea Watch 

B.;)navior Code 

__ .Eg£2£~L:!:I.n!L_ 
] 

] 

__!;.Ql!!!!!l§ __ 
5·8-59 
61-62 

Sitting on surface 
Sitting, diving at 

ship's approach 
Sitting, flying off at 

ship's approach 
Sitting On ice 
Sitting on a floating 

object 
Flying in a direct 

heading (travellinq) 
Flying, circlirig ship 
Flying, following ship 
Fiying, milling about 
Flying, m~andering 

(foragizrg) 
F~eding at the surface 

while flying 
Feeding at the surface, 

sdavenging on dead 
organisms, garbage 

F~eding at the surface, 
not flying 

Peedirig below surface, 
diving 

Probing 
Feeding above surface, 

pirating 
Courtship display 
Bii thing 
P~:eenin'J 
Standinq/Rleeping 
Copulating 
swimming 
Feeding on mudflat I 

sand flat 
At colony 
Other (text card) 

446 

01 
02 

03 

1ij 

10 

20 

31 
12 
J5 
36 

61 

65 

66 

70 

? 
82 

90 
91 
92 
93 
94 
97 
1 

? 
99 



0 
1 

2 

4 

5 
6 
7 
8 

__ f..Q£.!!!g.!;. __ 
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3. TECHNICAL PROPOSAL 

I. TITLE: 

Sources, transport pathways, depositional sites and dynamics of sediments 

in the lagoon and adjacent shallow-marine region, northern arctic Alaska. 

Research Unit Number: OCSEAP R.U. 529-77 

Contract Number: 03-5-022-56 

Proposed Dates of Contract: October 1; 1978 to September 30, 1979 

II. PRINCIPAL INVESTIGATOR: 

Dr. A. s·. Naidu, Assistant Professor of Marine Science, Institute of 

Marine Science, University of Alaska, Fairbanks, Alaska 99701. 

III. COST OF PROPOSAL (for FY 1979) 

A. Science: $64,370 

B. P.I. Provided Logistics: None 

C. Total: $64,370 

D. Distribution of Effort by Lease Area: Beaufort Sea - 100% 

IV. BACKGROUND 

The impact of the activities related to exploration and exploitation of 

petroleum on the nearshore ecosystem of north arctic Alaska are unknown. Re

cognizing this important data gap the BLM-NOAA-OCSEAP Office initiated a com

prehensive ecosystem process-response research in the barrier.island-lagoon 

regime of north arctic Alaska. A consolidated research plan was outlined in 

June 1976, by the LGL Limited, U.S., Inc. who were awarded with the prime 

contract. Preliminary results of the first year interdisciplinary study, are 

now becoming available (refer to the 1978 Annual Reports submitted by various 

principal investigators to the OCSEAP Office). 

It has become increasingly evident from deliberations at several LGL

sponsored ecosystem modeling workshops, held over the last year at the 

University of British Columbia (Vancouver), that the carbon input to the 

lagoon ecosystem of north arctic Alaska is influenced by terrigenous organic 
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detritus. Seasonal studies in the lagoon regime conducted over a few years 

by Schell and Alexander (in Alexander et aZ., 1975), have indicated that the 

net carbon input in the North Slope lagoon by under-ice and pelagic photo

synthesis is low, and that terrestrial peat detritus derived from fluvial 

discharge and/or coastal bluff erosion would seem to be a relatively more 

important carbon source for epibenthic invertebrate suste~ance. Supporting 

this view is the concentration of epibenthic organisms in and on the organic 

detritus that blankets the Simpson Lagoon bottom. It is of further interest 

to note that the primary food sources of higher trophic organisms (e.g. fishes 

and birds) in the above lagoon are the epibenthic invertebrates such as mysids, 

amphipods, isopods etc. (Truett, 1978). However, the importance of carbon in 

the terrigenous organic detritus to the lagoon invertebrates, and by implica

tion to the birds and fishes, would seem to depend on several factors, the 

more critical being the length of time the detritus is exposed to heterotro

phic bacterial degradation and to detrivore scavenging. High rate of parti

culate sedimentation would, of course, preclude the usefulness of the organic 

detritus as a major carbon source, and vice versa. Consequently, at the April 

1978 LGL ecosystem modeling workshop in Vancouver it was surmised that in order 

to understand the overall nutrient dynamics in the north Alaskan arctic lagoons 

it would be imperative to quantify data on the terrigenous organic detritus. 

It was also decided that the data to be collected should include pertinent in

formation on the sources, transport pathways, sites and rates of sedimentation, 

as well as the physical factors (waves, currents, wind etc.) that regulate the 

deposition-resuspension rates of terrigenous organic detritus. This proposal 

in essence will address the above task, fulfilling the recently identified 

critical needs of those concerned with lagoon ecosystem modeling in the Alaskan 

Beaufort Sea". 

In addition to the above, one of the questions that was repeatedly 

raised at the 1977 and 1978 Beaufort Sea Synthesis meeting in Barrow related 

to the understanding of overall sediment dynamics (including both organic 

and inorganic particles) in the nearshore area of north arctic Alaska. It 

was concluded that without an adequate knowledge of the sediment fluxes 

which would encompass considerations of sources, transport directions, and 

depositional sites of fine-grained terrigenous particles it would be almost 
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impossible to forecast the fate of soluble and particulate pollutants in the 

lagoon and shallow marine Alaskan arctic. The importance of clay-sized sedi

ment particles as potential vehicles to transport pollutants is universally 

well recognized. Additionally, it. was concluded at the two meetings that 

hydrodynamic factors that govern the threshold (minimum current velocity) 

of coastal sediment movements must also be understood, because of the impli

cation of it in quantitative assessment of changes in sediment budgets result

ing from anthropogenic activities (e.g. drilling pad and causeway construction, 

dredging etc.). We have no knowledge what the fluxe~ and mean rate of sedi

mentation is in the North Slope lagoon and what physicochemical factors can 

alter that rate. A conceivable concern has been that any significant distur

bance of the contemporary sediment budgets in the shallow lagoons may eventually 

lead to the destruction of the lagoon ecosystem of the North Slope area. 

Although considerable baseline data on the lithological composition of 

sediments have been collected for the continental margin of north arctic 

Alaska - especially under the auspices of the ongoing OCSEAP studies - no 

serious process-response sedimentological investigations involving extensive 

data base have ever been undertaken for the above region. A few sediment 

dynamics studies of a preliminary nature have been conducted along the beaches 

of the Simpson Lagoon and the Pingok Island by Wiseman et al. (1973) and 

Dygas and Burrell (1976a, 1976b). However, to assume that results of these 

surf-zone studies may be extrapolated to the adjacent relatively deepe~ and 

protected lagoons would seem quite inappropriate. The above investigators 

made no direct in situ measurements of threshold sediment movements. In fact 

the first system studies on sediment dynamics, involving time-series concomi

tant wind-wave-current data, in Alaskan waters are those of Cacchione and Drake 

(1977). It is, therefore, proposed that sediment dynamics studies in the north 

Alaskan arctic lagoon be initiated. Such studies will have to include in situ 

concurrent documentation of wind-wave-current parameters, nature of bed and sus

pended loads, as well as bed forms. It is believed that understanding of con

temporary sediment dynamics will be of immense use to geomorphologists such as 

Dr. Jan Cannon (RU 530) who are concerned with the stability of barrier chain 

of islands and the adjacent coastal features of north arctic Alaska. 

Intrinsic to the sediment dynamics studies is the understanding of the 

sources and depositional sites of terrigenous inorganic particles in north 
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arctic nearshore environment. Considerable research has been accomplished 

in this direction relative to fine-grained particles, via very detailed 

analysis of clay minerals (Naidu and Mowatt, 1975; Naidu, 1978). However, 

relatively little effort has been expended to firmly establish the pro

venance and net long-term transport directions of sand-sized sediment par

ticles. Several lines of indirect evidence demonstrate that the net along 

shore sand drift is towards the west. More recently Hopkins (1977) has 

concluded that the major passes within the Beaufort Sea island chains act 

as effective obstacles to continous littoral sediment transport between dif

ferent island grcups. Additionally Hopkins (1977) has suggested that both 

sand and gravel laterally migrate from one island to another only within 

individual island groups. Although these observations on sediment trans

port are interesting, Hopkins' (1977) conclusions need to be substantiated 

because his data were based chiefly on the lithologic composition of pebbles 

rather than both pebbles and sand grain mineralogy. Therefore, in order to 

elucidate the sources, transport pathways and depositional sites of sand, 

investigations restricted to sand size particles must be conducted. It is 

proposed to fill this critical gap by completing the ongoing mineralogical 

studies on sands which can be used as "natural tracers" (refer to the orig

inal OCSEAP proposal under RU 529-77, submitted by A. S. Naidu). 

V. OBJECTIVES 

The overall objectives of this research unit will be to understand the 

sediment dynamics and correlate the transport, resuspension and deposition 

of sediments as functions of wind-wave-current actions in the lagoon envi

ronment of north arctic Alaska. The specific objectives of the study will be: 

(i) to define the sources, migratory pathways and depositional sites 
of terrigenous organic particles, using the assumption that the 
hydraulic behavior of both fine inorganic particles (e.g. clay 
minerals) and organic particles are similar. 

(ii) to develop understanding of sediment dynamics in the lagoon 
environment of north arctic Alaska, considering the Simpson 
Lagoon as a type area. This objective would include initiating 
of a study that would eventually lead to the establishment of cor
relations between -w·ind-wave-current parameters and water turbidity, 
resuspension and movement of organic and inorganic particles; 
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determination of the critical value of near-bed shear 
stress for incipient motion of cohesionless sediments 
under oscillatory wave action. 

(iii) To estimate the contemporary rate of sedimentation in 
the Simpson Lagoon. 

(iv) To elucidate the sources, transport directions, and 
depositional sites of sand and clay-size inorganic 
terrigenous particles, 

(v) To collaborate with Dr. J. Cannon (RU 530) in establishing 
criteria based on ground truth and LANDSAT images (obtained 
by remote sensing techniques)," for mapping distributional 
pattern of suspended particle concentrations in the lagoons 
of north arctic Alaska. 

Relevance of the proposal objectives for decision making prior and during 

leasing and development. 

The exploitation of the petroleum reserves in the North Slope of Alaska 

has commenced with the recent flow of oil through the trans-Alaska pipeline. 

The present trend is towards exploration in the adjacent continental shelf 

of the Beaufort Sea, As a consequence of the OCS petroleum and gas devel

opment activities, the nearshore and the open shelf ecosystem of the Beaufort 

Sea is bound to be subjected to some degree of anthropogenic perturbations. 

The industrial activities which most likely will be introduced in this area 

include the construction of artificial islands and causeways for the use of 

drilling operations and docking facilities, dredging for maintaining naviga

tions, and the exploitation of gravel and sand deposits from several possible 

sources as construction and fill materials. The impact of these activities 

on the nearshore sediment budgets and the implication of the latter on the 

nearshore ecosystem are unknown. However, several attempts have been made 

postulating the possible socio-economic scenario and environmental pertur

bations that might result during the exploration and exploitation of petro

leum reserves from the OCS lease areas of the Beaufort Sea_(Arnold, 1975; 

Weller et aZ., 1977). It is of interest to note that significant changes 

in the size distributions, benthic and chemical attributes of bottom sedi

ments, as well as on the nearshore bathymetry have already been recognized 

in the vicinity of Prudhoe Bay, consequent to the building of the new ARCO 

causeway (Feder et aZ., 1976; Barnes et aZ., 1977; Grider et aZ., 1977). 
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If th~ response of the physical environment and biological resources 

of the area to such changes can be properly assessed, or even predicted, 

it is quite possible that effective measures can be developed to protect or 

enhance existing resources. Few environmental studies of arctic barrier 

is~ands, lagoons, and the contiguous shallow marine regime of north arctic 

Alaska have been carried out (Alexander et al., 1975; Truett, 1978), The 

existing data gaps for this area were identified in two recent OCSEAP meetings 

held at Barrow to synthesize the current state of knowledge on the Beaufort 

Sea, It was the unanimous opinion· of the meeting participants that unless 

satisfactory answers are available to account for the sediment fluxes, and 

sources, transport pathways and depositional sites of sediments, and without 

an adequate knowledge developed to understand threshold of sediment movements 

(as functions of wave-current parameters), it ·would not be possible to quan

titatively assess - or even speculat~ - the possible impacts of petroleum 

exploration and development activities on the Beaufort Sea nearshore ecosystem. 

The proposed geological studies under the current RU 529 will be ad

dressing the OCSEAP subtasks C-5, D-4, and D-5. This study will be an 

integral part of the barrier island-lagoon ecosystem process studies in which 

LGL (RU 467) plays the lead role. 

VI. GENERAL STRATEGY AND APPROACH: 

As mentioned earlier, the terrigenous vegetal particulate matter appears 

to be a major source of carbon to sustain biological productivity in the 

Simpson Lagoon. However, the fate of these particles and their potential 

usefulness as a carbon source would naturally depend on the ready availability 

of them to biota, either in the water column or at the substrate sediment

water interface of the lagoon. Rapid deposition of the organic particles would 

of course limit the chances of being scavenged by the epibenthic invertebrates 

and vice versa. There can be several physicochemical factors which would 

regulate the concentrations of the particles in the readily available form. 

The more obvious physical factor is the amount of turbulence in the lagoon, 

which in turn can be related to wind-wave-current actions. Our approach 

would be to determine the correlation between the concentrations of suspended 

particles and the organic carbon content in it and the wind-wave-current 
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parameters in the Simpson Lagoon. The ultimate purpose of such a study would 

be to establish the critical near-bed shear 9tresses, translated in terms of 

threshold oscillatory wave motions, which are neces~ary to resuspend organic 

particles from the lagoon bottom and keep these particles in suspension for 

significant periods of time. 

In attempting to establish the above correlations our strategy would be 

to concomitantly document on a two-month continuous time series basis the wave

current parameters, wind directions and velocities, the concentrations of total 

suspended particles and the organic carbon and nitrogen contents in them, and 

the lagoon bed form. The sensitive parameters of the Simpson Lagoon waves we 

will record (via pressure sensors) will be the period T and the amplitude of 

the oscillatory, horizontal excursion R of the water at the floor level of the 

lagoon (or alternatively the peak value of the horizontal oscillatory wave velo

city U (refer to e.g., Bagnold, 1946; Taylor, 1946; Sternberg and Larsen, 1975). 

Concomitant with the wave data the turbidity of the Simpson Lagoon water will 

be continuously monitored via a nephelometer. To calibrate the nephelometer 

readings in terms of suspended organic particulate matter (and by implication 

organic carbon), we will collect frequent water samples, measure the total 

suspensates in definite aliquots of it and finally quantify the organic carbon 

contents in those water samples. As we will be concerned with surface gravity 

waves it would be relevant for us to have complementary time-series data on the 

directions and velocites of wind. Hopefully the wind data will be available to 

us from meteorologists working in the Simpson Lagoon vicinity during 1978 and 

1979 (R.U. 519). The current measurements would include both directions and 

velocities of the bottom waters. As characteristic surficial bed forms on the 

lagoon bottom are developed in response to definite wave energy we will photo

graphically monitor on a continous time lapse basis (typically once every 15 

minutes) the lagoon substrate form. As discussed in detail later the current

wave characteristics, time lapse photographs and the turbidity of waters will be 

obtained directly or indirectly from parameters to be measured via a tripod iri~ 

strumented package - the Sediment Dynamics Sphere (SDS) - which will be deployed 

in the lagoon for almost two months in each of the summers of 1978 and 1979. 

Once the above basic data on waves have been established, contour plots 

of the organic carbon contents in the suspended particles of water will be drawn 
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in TR plane and TU plane. Since the other parameters of hydrodynamic im

portance are steady current speed and wind strength which are also expected 

to control the suspended carbon quantity, contour plots will be likewise 

made piecewise for different domain of current speeds and wind velocities, 

The above contour plots will be provided to the ecosystem modelers. 

The latter would then be able to assess the effects of anthropogenic bar

riers in the lagoon system and/or natural driving forces (e.g., wind) which 

would modify the U and T values and thereby the quantity of suspended matter 

and by implication the content of organic carbon suspensates. 

Concomitant to the above research, we will initiate a study to develop 

our understanding of sediment dynamics and fluxes in the Simpson and adjacent 

lagoons. The strategy to achieve this objective would be delineated into 

three phases: 

(1) The sources, transport pathways and major sinks of terrigenous 
clay and sand-sized particles along the nearshore area of north 
Alaskan arctic will be elucidated by means of detailed clay 
minerals and heavy minerals studies of fine and sand-sized 
particles respectively on a regional scale. The mineralogy of 
different size sediment particles from various major rivers of 
the North Slope of Alaska will be discriminated and used as 
"natural" tracers to understand the primary sources, net trans
port directio~s and accumulating places of terrigenous inorganic 
debris. This approach has been quite successfully used in the 
case of fine-sized sediment particles (<2~m and <l~m size), as 
shown by results of our studies (Naidu and Mowatt, 1975; Naidu, 
1978). However, we need to fill in small data gaps for the la
goon area between Milne Point and Prudhoe Bay. We have already 
initiated heavy minerals studies on sands separated from samples 
from all the major rivers as well as barrier islands of the north 
Alaskan arctic. The work will be continued and completed in FY 
1979. 

(2) The second phase of the sediment dynamics study will be to estimate 
the contemporary rate of sediment deposition in the Simpson Lagoon. 
This data will be an important baseline to assess physical impact 
of anthropogenic activities on sediment budgets in the lagoons. 
The rate of sedimentation will be assessed by collecting a few 
gravity core samples and getting the samples dated by the 21°Pb 
method. On the basis of this data it would be possible to deter
mine in the future whether the lagoon is shoaling or deepening as 
a response to changes in sediment budgets, and whether these changes 
do affect the ecosystem in any way. 
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(3) The third phas~ of the sediment dynamics study will be 
addressed to developing understanding of the correlations 
existing between sediment resuspension and oscillatory 
wave motion, as well, as the threshold of sediment movement. 
The strategy would be to test how rigidly some of the 
empirical relations developed in the laboratory on Jluid
sediment equations of motions (refer to Shields, ,1936; 
Bagnold, 1946; +aylor, 1946; Einstein, 1950; .Manohar, 1955; 
Komar and Inman, 1970; Madsen and Grant, 1976) can be 
extrapolated to the field (e.g. Simpson Lagoon in north 
Alaskan arctic). In ,attempting to do so we will obtain the 
critical shearing stresses, ,as applicable to the Simpson 
Lagoon, that wil~ initiate resuspension of sediment particles, 
and the minimum cu~re~t velocity that will keep the" particles 
in motion. The basic laboratory equations to be tested have 
been elaborately discussed in Komar and Miller (1973) and 
Sternberg and Larsen (1975). 

Briefly, our ultimate goal would be to determine in the field 
the critical entrainment function and boundary shear stress to 
entrain: the size (or mean size) of sediment grain in the Simpson 
Lagoon bottom, considering the following relationship postulated 
by Shields (1936); . · · 

0 
T' 0 (1) 

(Ps - p) gD 

where 0 is the critical entrainment function,, T0 is the 
boundary (or ~ear-botto~ bed) shear stress to entrain a 
sediment particle of·diameter D,(Ps- p). is the difference 
in the densities of the sediment grain and the fluid, and g 
is the acceleration of gravity. The value of 8 for the 
Simpson Lagoon sediments can be, estimated, by assuming pU~ = 
T0 and using the relationship developed by Komar and Miller 
(1973) for oscillatory wave conditions, which. is: 

0 
(2) 

where Um is the maximum bo,ttom oscillatory velocity of a fluid 
parcel at the sediment-water interface, whereas Ps• p, g and D 
values connote the same as in equation (1). We will obtain the 
U values for the Simpson Lagoon from wave parameters obtained on 
a time series basis, as suggested by. Sternberg and Larsen (1975), 
using pressure sensors of a Sediment Dynamics Sphere (SDS) for 
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two months. To solve equations (1) and (2) we will assume the 
specific gravity of sediment particles to be 2•56 (similar to 
quartz and ·clay mineral grains) and acceleration of gravity to 
be 980 cm/sec2 • The density of the Simpson Lagoon water will 
be provided to us by physical oceanographers involved in the 
project (RU 526 and 531), while the mean size of the bottom 
sediment particles will be analyzed in the Fairbanks laboratory 
on sediment samples retrieved periodically for the lagoon bottom. 

Our data founded on field observations will enable us to finally 
establish the Um-8, Um-D, 8-D and To-D relationships. The above 
relationships then can be compared with those established by 
Bagnold (1946, 1963)·, Manohar (1955) and Komar and Miller (1973), 
on the basis of laboratory experiments. 

In'additon to the above, we plan to conduct field tests to varify 
the Karman-Prandtl equation (Koman, 1976). ·To achieve this it 
would be necessary to document time series data on current speeds 
at a particular water depth, T0 , p, and D values for the Simpson 
Lagoon. We will take the values of the latter three parameters 
from equations (1) and (2)', whereas the steady state current 
speeds will be documented on a time series basis from the Simpson 
Lagoon, using the current meter of the SDS unit. 

For the purposes of our field tests it will be assumed that uni
directional, turbulent, nonlinear oscillatory flow conditions 
exist in Simpson Lagoon, and.that the Simpson Lagoon is charac
terized essentially by cohesionless substrate. This would seem 
to be a valid assumption taking into consideration the commonly 
observed net movement of water masses in the summer to be from 

.the east to the west, presence of.surface to bottom turbid water, 
and the existence of soft substrate sediments, and occasionally 
of·oscillation·ripples in the lagoon bottom. 

Our field experiments will be conducted in the Simpson Lagoon 
at a site to be determined later in consultation with biologists 
and physical oceanographers. However, the minimum depth of water 

· in which the instrumented tripod SDS unit can be emplaced would 
necessarily be restricted by the navigational limit of the R/V 
Atumiak. The current plans are to install the SDS in Point Barrow 
and transport it to the Simpson Lagoon experimental site on the R/V 
Atumiak. The feasibility of deploying the SDS in more than one 
location in the lagoon will have to be taken into consideration, 
because of the possible existence of spatially non-uniform sediment 
and flow conditions. 

VII. SAMPLING METHODS: 

. The basic ·wave (via pressure sensors), current, temperature, and turbidity 

data for the Simpson Lagoon water column, as well as the time-lapse photographs 
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of the lagoon substrate and water column will be collected by the Sediment 

Dynamics Sphere (SDS). This instrumented tripod package will be emplaced in 

the Simpson 1agoon and the above data monitored on a continuous time series 

basis during the summers of 1978 and 1979, extending from August 1 to about 

mid-September - a few days before sea ice starts forming in the lagoon. A 

subcontract will be issued by A. S. Naidu to Dr. L. Larsen frpm the Univer

sity of Washington, Seattle, to install, check, transport, operate, and re

trieve the SDS, as well as to provide A. S. Naidu the basic data. A request 

to issue such a subcontract from A. S. Naidu's ongoing (RU 529) gran~ has 

been approved by the OCSEAP, Boulder office to cover 1978 summer work. De

tails of this subcontract, as well as the Operational Manual, together with 

the Sediment Dynamics Data Acquisition System of the SDS (Lahore et al., 1977) 

have already been submitted to the OCSEAP office and, therefore, will not be 

repeated in this proposal. However, it is pertinent to state that we intend 

to substitute for the transmissometer of the SDS unit a SeaMarTec nephelo

meter to obtain a measure of the water turbidity and concentrations of 

particulate suspension on a continous time series basis. 

To document the size distributions of substrate sediment samples of 

the Simpson Lagoon, replicate surficial bottom samples will be collected 

once daily at the experimental site, using a small gravity core unit. This 

unit will be manually operated from a zodiac boat. 

The concentrations of organic carbon and nitrogen will be estimated 

from samples of suspended particulate matter collected on the Nuclepore 

filter pads. In order to minimize bacterial degradation, the filter pads 

with samples will be stored in a frozen state until analysis. Replicate 

samples of bottom and suspended sediments will be used to determine the 

sampling precision. A few gravity core samples in the immediate vicinity 

of the SDS experimental site and also from a few widely-spaced location in 

the Simpson Lagoon will be retrieved for determining the mean rates of 

sediment depositon in the lagoon. These samples will be collected from 

the Alumiak, using a 1000-lb gravity coring unit. The sediment cores thus 

collected will be preserved in the original plastic liners in an upright 

position, and sent to a laboratory in the lower 48 for 210pb dating. The 
21 0Pb date should provide us with the net depositional rate at least over 
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several decades• However, in order to elucidate the rates of sedimentation 

on one or two summer basis we plan to use a·sediment trap. This trap will 

be emplaced in the Simpson Lagoon for the entire summers of 1978 and 1979, 

and the amount of sediment accumulated in the trap will be quantified. We 

plan to use a trap similar to one being used by Drs. Cline and Feely of. the 

PMEL, Seattle. 

We already have a sufficient number of sediment samples from the major 

rivers of the North Slope of Alaska, the lagoon region extending from 

Oliktok Point to Prudhoe Bay, and from the major islands of north arctic 

Alaska for mineralogical studies. These samples were collected on the on

going OCSEAP study (RU 529) in 1977 (see Naidu, 1978), and analysis of clay 

minerals and heavy minerals on these samples are in progress. 

In order to understand the sediment fluxes in and out of the lagoon, 

we have plans to collect a suite of suspended particulate samples from the 

adjacent shallow marine region, using the support provided by the U.S. Coast 

Guard ice breaker NoPthwind. We have been invited to participate in a cruise 

for about 10 days, starting from August 10, 1978. Samples of suspended 

particles will be collected from the shelf waters, off the Colville Delta 

and the Simpson and adjacent lagoon areas. These samples will be analyzed 

for total particulate matter, organic carbon and nitrogen contents, follow

ing procedures mentioned earlier. 

It is understood that two satellites will be passing over the North 

Slope area alternately once in 9 days during the period of our field study. 

LANDSAT images documented by these satellites over various bands will be 

available to us and Dr. Cannon for our joint investigations relating to 

sediment plume distributional studies. We will make sure that samples of 

suspended particles will be collected from as many sites as possible from 

the Simpson Lagoon during the passage of the satellites over the area, to 

ensure that meaningful ·criteria can be developed to quantitatively interpret 

the distributional pattern of turbid water as depicted in LANDSAT images. 

VIII. ANALYTICAL METHODS 

Laboratory analysis 

The analytical methods to be adopted have been elaborately described 

in the current (FY 1978) OCSEAP R.U. #529-77. Briefly, the sediment size 
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distribution analysis will be performed by the usual sieve-pipetting method, 

and calculation of the conventional statistical grain size parameters will be 

after Folk and Ward (1957). The clay mineral composition of the <2 ~m of 

sediments will be accomplished according to the methods elaborated by Naidu 

et at., (1971) and Naidu and Mowatt (1975) using X-ray diffraction technique. 

A variety of chemical and heat treatments will be adopted to assist in the 

clay mineral identification~ 

Heavy mineral analysis will be performed on medium and fine size grades 

of sands. The heavy mineral crops will be separated in heavy liquid media, 

the quantitative assesments of the relative concentrations of the various 

heavy minerals will be accomplished using a petrographic microscope. 

Organic carbon will be calc~lated from the difference between total 

carbon and carbonate carbon. The total carbon will be analyzed either in a 

a LECO, TC-12 automatic carbon determinator or by using a disperse-beam 

infrared analyzer, depending on the concentration range of the total 'carbon 

in the suspended particles. The carbonate contents in the suspensates will 

be estimated manometrically (HUlsemann, 1969). Total nitrogen in the sedi

ments will be.measured in a Coleman Model 29B nitrogen analyzer. Replicate 

laboratory analyses will be run for a few samples to determine the analytical . 

precision. 

The methods elaborated by Burbank (1974) will be followed /or the 

analysis of LANDSAT images as obtained by remote sensing techniques •. It is 

presumed, however, that this actual analysis of the images at different bands 

will be the responsibility of Dr. Cannon, and A. S. Naidu will collaborate 

with Dr. Cannon in providing him with time-series data on suspended loads 

collected for the Simpson Lagoon. 

IX. DELIVERABLE PRODUCTS 

A.l. All data products forthcoming from this study will be submitted 

to the OCSEAP Data Management Group in the accepted format. In addition, 

we hope to provide the OCSEAP office with the following data: 

a) All basic data pertaining to grain size distributions, heavy 
minerals and clay minerals, organic carbon, and nitrogen contents, 
on substrate and suspended sediments will .be provided in tabulated 
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form. The concentrations of suspended particulate matter, 
collected on a time-series basis will be tabulated also, 
and corresponding nephelometer readings will be appended 
with this table. Efforts will be concentrated to consoli
date all published and unpublished data.available with us 
in a manner best suited for coastal management purposes. 
This would obviously incur vigorous statistical analysis 
of all data. 

b) Lateral variations in the clay mineralogy, and heavy 
minerals concentrations will be depicted on standard 
OCSEAP Beaufort Sea maps for the purpose of ready 
graphical reference. Sediment transport trajectories 
for sand and clay-sized particles will be mapped for 
different sections of the investigated coastlines. 

c) A geological report will be prepared that will include 
chapters on the sources and the inferred sediment trans
port vectors in the ba.rrier island-lagoon complex. The 
above report will also include a section predicting pos
sible perturbations on the oarrier island-lagoon ecosystem 
that may directly or indirectly result from various oil
related industrial activities in the North Slope of Alaska. 

d) A copy of the computer print out, sbowing all basic .. and 
correlative data, as obtained from the. Sediment Dynamics 
·Sphere, including calcomp plots.of time series data will 
be submitted. This data will pertain to values of a 
rotor counter, direction vane, pressure sensor, nephe
lometer, time-lapse photography, and temperature of water 
(refer to details enumerated in the User's Guide to the 
SDS Data Aquisition System (Lahore et al., 1977), sub
mitted to the OCSEAP office in June 1978). 

e) All data acquired on critical shearing stresses, entrain
ment functions, and horizontal oscillation velocities 

. corresponding to various sediment particle diameters of 
.the Simpson Lagoon will be tabulated. Scatter plots, 
showing the graphical relationships between the above 
values ~ill be drawn and the trend in the variances will 
be statistically established. 

f) . The rate of contemporary sedimentation in the Simpson 
Lagoon, as established on the basis of 2 1°Pb dating of 
a few _gravity core samples will be provided. 

g) All attempts will be made to interface the sedimentological 
studies with other disciplines of the overall OCSEAP barrier 
island-lagoon ecosystem modeling study, which is headed by 
the LGL, Limited, Inc, 
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A.2. List of Digital products: 

a) Sediment 'size distribution data (e.g., weight percentages of 
various fractions, percentiles, mean and median size, sorting, 
skewness, and kurtosis of size distributions. 

b) Weighed peak area· percents of the various clay mineral types, 
and the number percentages of various heavy minerals. 

c) Concentrations of total suspended particulate matter, and the 
contents of organic carbon and nitrogen in the above matter, 
in mg/g values. We wouid need additional funds to cover the 
cost of recording this data on magnetic tapes. However,·we 
have no idea how much this would cost. 

d) As in case of above, additional funds would be needed to record 
the SDS data on magnetic tapes. 

B. Narrative Reports: None 

C. Visual Data: 

Refer to A.l. for details. 

D. Other: 

Calcomp plots of all time-series data relating to the SDS unit 

will be available on computer strip charts. For details please refer to 

proposal submitted by Dr. Larsen under subcontract to A. S. Naidu (RU 529) 

to the OCSEAP office in June 1978 and the SDS User's Guide (Lahore et aZ., 

1977). 

X. QUALITY ASSURANCE PLAN 

Calculation of the percentage coefficient of variations based on 

results of replicate analyses of individual sediment parameters will·pro

vide the analytical precision. Likewise, sampling precision will be obtained 

on the basis of replicate samples. Representative splits of at least 5% of 

all sediment samples co~lected by us will be submitted, if required, to the 

National Bureau of Standards for interlaboratory calibration. 

We intend to use a nephelometer rather than a transmissometer as men-. 

tioned in the SDS User's Guide for monitoring the suspended loads on a 

continuous time series basis. The nephelometer can be calibrated either in 

the laboratory or in the field. In the laboratory the calibration can be 
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achieved against known concentrations of suspended particles (by weight) 

of a particular size distribution range, using either a settling tube or 

a flume chamber. However, for the purposes of our studies it would seem 

more meaningful to calibrate the nephelometer readings directly with the 

in situ concentrations of suspended particles (by weight) at precisely 

the same water depth at which the nephelometer probe is emplaced. For 

estimating the amounts of suspended loads, 1-litre water samples will be 

collected via a small Niskin bottle at the above probe level, filtered 

using a Millipore (0.45 ~m pore size Nuclepore filter pads) unit, and 

weighing the particulate solids thus collected. It is planned to take 

several replicate water samples, at least twice daily (as far as possible 

matching with varying wind conditions). The replicate samples will pro

vide the sampling precision. Thus, by the complementary use of the direct 

and indirect methods we will be able to establish a workable calibration 

curve for the nephelometer, and which would be applicable only locally for 

Simpson and adjacent lagoons. 

We are well aware of the complexities involved in attempting to cali

brate a nephelometer more precisely. Sediment grain parameters such as size 

and shape, as well as nature and state of particle aggregation (as. controlled 

by electrochemical properties, mineralogy, organic-inorganic binding etc.) 

can independently or jointly affect the scattering properties of particles 

and thus the calibration curves of nephelometers. However, these are beyond 

the practical scope of our present study, and therefore will not be taken into 

account. 

The nephelometer we would like to purchase would be the SeaMarTec in situ 

unit manufactured by SeaMarTec, Seattle. This unit seems to work satifac

torily in Alaskan waters and meaningful calibration curves have been obtained 

on a similar instrument owned by Dr. J. Colonel! of our institute (personal 

communication). 

The current meter and pressure sensors in the SDS unit will be calibrated 

as suggested in the units User's Guide (Lahore et aZ., 1977). 

XI. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

Splits of all sediment samples analyzed will be stored for future re

ference. In order to minimize biodegration and post-sampling changes in 
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sediment phases, all samples for chemical aualysis will be stored in a 

frozen state. There is adequate freezer space at Dr. Naidu's labora

tories at the Institute of Marine Science. No annual cost of archiving 

the samples are anticipated. 

XII. LOGISTIC REQUIREMENT 

As mentioned earlier, our logistic requirements in the field for the 

collection·of sediment samples, transport and installation of the SDS unit 

will be arranged by the OCSEAP Arctic Project Office. A possible convenient 

way would be to coordinate our field logistics with the LGL Limited, U.S., 

Inc., who presumably would be again the'major contractor of the OCSEAP Beau

fort Sea barrier island-lagoon ecosystem modeling study. .our coordination 

with the LGL has been excellent up to now and we wish to continue the present 

logistic arrangements with them. However, the logistic and ice-breaker ship 

requirements for the offshore sampling work, and the sediment coring program 

in the Simpson Lagoon will have to be provided by the U.S. Coast Guard arid 

the Arctic Project Office, respectively, as per the April 1978 preliminary 

planning meeting held in Seattle. 

Please refer to the standard attached form for further details. 

XIII. ANTICIPATED PROBLEMS 

At. this point in time we do not anticipate any problems.' However, we 

would like to emphasize that the recently approved subcontract to Dr. Larsen 

of the University of Washington, Seattle, from Dr. Naidu's FY 1978 contract be 

processed as soon as possible by the OCSEAP Office. This must be considered 

critical if the SDS unit is to be deployed in the Simpson Lagoon in summer 1978. 

XIV. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

We would be requiring time-series data·on the water density at the SDS 

experimental site, from August 1 to about September 15 in 1978 and 1979, on 

a daily basis. It is hoped that this data will be provided to us by the bio

logists and/or physical oceanographers involved in the OCSEAP lagoon ecosystem 

studies (RU 526, 531, and 467). If this is not possible then' we will have to 

gather this data, which will involve additional cost to the project. Daily 

time-series data on the direction and velocity of wind will be needed from 
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meteorologists {RU 519) working in the area. We have been asked by the OCSEAP 

Office, Boulder {refer to Dr. Doug Wolfe's telefax of June 20, 1978 to Dr. G •. 

Weller) to look into the feasibility of deploying the SDS in more than one lo

cation in Simpson Lagoon to obtain a wider data base. This i$ possible, but 

would need sanction of additional funds. 

XV. MANAGEMENT PLAN 

Dr. A. s. Naidu will serve as the Principal Investigator of this project. 

His.responsibilities will include analyses and interpretation of all sedi

mentological data, meeting delivery milestones for data submission, as well 

as the deadlines for reports as required by the OCSEAP Arctic Proj~ct Office •. 

Mr. R. Parthasarathy, Professor in Physics at the Geophysical Institute, 

University of Alaska, will be an Associate Investigator in this study at no 

cost to this project. His prime res:ponsibility will be to help Dr. Naidu in 

developing the empirical relationships on sediment grain size and bed shearing 

stress and the sediment entrainment function. 

A Student Aide will help Dr~ Naidu in the mechanical analysis of the sedi

ment parameters. Mr. Mike Sweeney, a graduate student presently working with. 

Dr. Naidu and funded by the USGS, will also be involved in the chemical analy

sis of sediment samples. The outcome of part of the sediment dynamics work 

will be included by Sweeney in a M.S. thesis dissertation. 

The OCSEAP Office recently approved a subcontract from Dr. Naidu's 

ongoing contract (RU 529-78) to Dr. L. Larsen, University of Washington, 

Seattle. In the budget of the FY 1979 renewal proposal issue of a similar sub

contract has been stipulated. Under the two subcontracts (1978 and 1979) it 

would be .the responsibility of Dr. Larsen to transport to and assemble the SDS 

unit at Simpson Lagoon experimental site, gather all basic SDS data for the 

August and September months, and provide all data reduced from the SDS to Dr. 

Naidu in a consolidated tabloid form. Details of this subcontract will be 

spelled out in two separate purchase orders, when the approval of the requested 

subcontracts have been notified to Dr. Naidu by OCSEAP. 

Dr. Naidu will participate in the ecosystem modeling workshops to be held 

at the University of British Columbia, Vancouver from time to time • 

. As mentioned earlier, most of this study will be conducted in conjunction with 

the geomorphic studies of Dr. J. Cannon (RU 530), and thephysical oceanographic 
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and biological investigations to be pursued, respectively, by Drs. B. Matthews 

(RU 526) and C. Mungall (RU 531) and the LGL Limited, U.S., Inc. (RU 467), and 

by Dr. Schell (RU 537) on nutrient chemistry as part of the overall OCSEAP pro

gram on the barrier island-lagoon ecosystem model of north arctic Alaska. 

Target dates, for.field sampling, sample analysis, processing, data-sub

mission, and final repbrts are outlined in a chart appended separately. 

XVI. OUTLOOK 

1. The nature of the final results and data products: The ultimate 

long-term goal of this study will be to understand and quantify the processes 

and physical and chemical products of sedimentation in the continental ~argin 

and shelf areas of the Beaufort Sea. This knowledge would be of fundamental 

use to any individual or group_concerned with management of the renewal and 

nonrenewal resources of arctic Alaska, with least ecological perturbations •. 

2. Significant milestones: It would seem that at least a decade of 

concerted effort may be involved before any quantitative understanding of 

sediment dynamics can be expected. Lack of proper logistics has been a 

traditional' hurdle in the way of achieving knowledge in this area. However, 

primarily through the efforts during the past six years and the ongoing 

interests, it is believed that adequate basic data would be available by 

the end of 1979. It would seem that for the next decade efforts should be 

concentrated on.process response studies. 

3. Cost by fiscal year: It.would seem that continuous funding in 

the order of $300,000/year for the next 5-10 years would be considered a 

marginal amount to achieve understanding of the gross depositional processes 

in arctic continental margin. However, the most likely way to achieve this 

goal would be to initiate a long-term, multidisciplinary "mission-oriented" 

study under one organization. We have most of the expertise and facilities 

to. carry on this program at the Institute of Marine Science. 

4. Additional major equipment required: Some of the major equipment 

that we would like to acquire would include a side-scan sonar unit, a SDS, 

and a portable vibrocorer. We would also like to update our X-ray diffraction 

unit, by adding to it a monochromator, controlled humidity chamber and an auto

matic sample changer. 
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5. Location of future field efforts: We would like to continue concen

trating our efforts in the continental margin and shelf areas of the Beaufort 

Sea. However, presently our investigations as in the past have been focussed 

on the central Beaufort Sea coast in the vicinity of the Colville and adjacent 

deltas. In the future we would like·to extend.laterally as far as Point 

Barrow in the west and the Demarcation Point in the east. 

6. Logistic requirements: Collection of sediment samples from the 

lagoons adjacent to the North Slope has been a matter of constant concern 

for us, primarily because of a lack of proper large boat and navigational 

facilities to locate sample stations. We have traditionally depended either 

on the USGS or our own limited logistic support for samples. Presumably, 

an ideal boat for this area would be a 30-foot arctic cruiser or a vessel 

similar to NARL's R/V Natchik. It would seem only appropriate that some 

Federal or State agency maintain a permanent boat in the North Slope coastal 

area specifically for scientific research. 

The introduction of AZumiak is certainly an encouraging feature and we 

hope to make use of it in 1978 and 1979 summers. However, through small boat 

operations it would seem possible to accomplish, as in the past, considerable 

amount of our sampling providing proper facilities are provided to locate 

sample stations. The latter could be partly accomplished by setting up 

identifiable landmarks on the coast and buoys in the water. 

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 XI of this proposal. The University of Alaska will 
continue to negotiate a Voucher Specimen Policy with NOAA/OCS. 
We will comply with the then agreed 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. 
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5. Data will be provided in the form and format agreed to by the 
University and NOAA/OCS in the negotiating of the Data Management 
Plan 

6. As per Article 9 of the base contract, the University of Alaska 
agrees to the following: " ••• all archivable data is.to be sub
mitted by the contractor to the Contract Data Manager within 120 

· days after acquisition. Certain data sets such as plankton counts 
or volumes are not available until sorting of samples is complete. 
The data so obtained are archivable 1·20 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 Scientist; 

8. This is in accordance with base contract with which we shall comply. 

9. Three copies of all publications or presentation abstracts or manu
scripts 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 men
tioping 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 
petween the University of Alaska and NOAA, Department 
of Commerce through the Outer Continental Shelf En
vironmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Depart
ment of Interior. 11 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

Sediment size 
distributions (in 
tabulated form) 

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

Heavy mineral ntunber 
% (in tabulated form) 

Clay mineral weighed 
peak area % (in 
tabulated form) 

~ Organic carbon and 
~ nitrogen (ug/g, in 

tabulated form 

Concentrations of 
suspended particles 
(mg/~, in tabulated form) 

Wave-current-turbidity 
-temperature data as 
obtained from the SDS 
unit, and tabulated 

NONDIGITAL DATA PRODUCTS SCHEDULE * 

Processing and Estimated 
Volume OCSEAP Formating done Collection 
(Voltune of 
processed data) 

Roughly for 100 
samples, total of 
9 parameters 

Roughly 30 samples, 
a total of possible 
20 parameters 

About 30 samples, 
10 parameters 

About 120 samples -
total 3 parameters 

About 120 samples -
total one parameter 

Time series data 
averaged to 15 mins. 
input for almost 2 
months-total of 8 
parameters 

Format 
(if known) 

N/A 

II 

II 

II 

II 

II 

by Project 
(Yes or No) 

Yes 

II 

II 

II 

II 

" 

Period 
(Month/Year to Month/Year) 

October 1978 to 
June 1978 

January 1979 to 
July 1979 

October 1978 to 
March 1979 

October 1978 to 
May 1979 

October 1978 to 
February 1979 

October 1978 to 
January 1979 

* For digital data submissions, see XVII Standard Contractual Statements, #'s 1,5,6,7. 
All digital data processed onto tape by R.U. 350. 

Submission 
(Month/Year) 

July 1979 

August 1979 

May 1979 

June 1979 

March 1979 

February 1979 



j: 
!:: 

LOGISTICS HEQUIRF.HENTS 

Please fill in all spaces or indicate not applicabic (N/A). 
sheets as necessary. Budect line items concerning logistics 
to the relevant item described on these forms. 

Use additional 
should he keyed 

University of Alaska 
· :1 INSTITUTION I~tstitute of Marine Science PRINCIPAL INVESTIGATOR A. S. Naidu 

.: 

"1l 
I' II 

,. 
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A. SHIP SUPPORT 

1.. Delineate proposed tracks and/or sampling grids, by leg, on a chart of the area. 

2. 

3. 

Include a list of proposed station. geographic positions. 
Beaufort Sea Continental Shelf, betw'een Cape Halkett and Prudhoe Bay· 

Describe types of observations to be ~de on tracl~s and/or at each grid stad~n. 
. ' . 

Include a description of-shipboard sampling operations. Be as specific and com-
prehensive as possible. At each station 1 to 2 liter water samples will be collected 
for measurement of suspended loads. Occasionally grab sediments will be taken. 

1Vhat is the optimum time chronology of observations on a leg and seasonal basis 
and what is' the maximum allm-1able departure from these optimum times? .(Key to 
chart prepared under Item 1 \vhen necessary for clarification.) . 

One cruise only; 10-15 days in the first two weeks of August 1978. 

4. Hm-1 many sea days are required for each leg? (Assume vessel cruising, speed of 
14 knots for NOA~ vessels. Do not include running time from port to beginning 
point and from end point to port and do not include a "t.;reather factor.) 

5. 

6. 

10-15 days (to participate in one leg) 

Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback? My investigation will 
be part of a round-the-clock multidisciplinary investigation. 
Approximately how many vessel hours per day will be required for your observ3tions 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processing time between stations. 
A total of 3 hrs/day on a 24-hr basis. Between 1/2 to 1 hr. will be the sampling 
time at each station 

lvhat equipment and personnel l-70uld you expect. the ship to provide? 

Tra'ined MST help and two 2-5 litre Niskin:water samplers will be·needed. 

7. l~hat is the approximate "'veight and volur!le of eqp:i,pr.u~nt you \.dll bring? 

Maximum 500-lbs. 

8. Will your d~ta or equipment r0quire speci~l handling? Yes If yes, plense 
describe. Operation of a heavy·wind may be necessary for sediment sampling. 
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g:--Will you require any ga.1::es and I or chcmic<lls;? No · If yes, they: should be on 
board the ship prior to departure from Seattle or time·allowcd for 1::hipment by 
barf~ e. 

10. Do you have a ship preference, either NO,'\A :or rion-NDAA? If 11 yes~',. please name the 
vessel and give the reason for so specifying. Yes, a U.S. Coast :Guard ice-breaker 

ship is .the only acceptable, because of: pos.sible heavy ·pack; ice conditions. 

11. If yolt rcco~mend the use of ~.~on-NOAA. vessel, 't>1hat is the· per sea: day charter. 
cost and have you verified its availability? As in the , the U.S. Coast Guard 

·could come up with the ship time at no cost to OCSEAP. 

12. How many people must you have on board for each leg? Incltlcle a list of partici-
pants, specifically identifying any >vho are foreign nationals. One or two. Dr. Naidu 

and his· student (T~N) will parti~ipate. DI;". Naidu is a citizen of India, with permanent 
resident status in U. s.·A. 
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B. AIRC!{AF1' SUPPORT - FIXED HING 

1. Delineate proposed flight lines on a chart of the area. Indicate desired flight 
altitude on each lj_nc. (Note: If flir,hts arc for transportation only, chart 
submission is not necessary but origin and destination points shoul~ 9f ;kistm1{ t 

Airlifting of personnel and equipment from Pt. Barrow or Deadhorse an ~c • . . cop er 
support will be needed to collect samples, and possibly to emplace the SDS un1t 1n the 
Simpson Lagoon. 

2. Describe types of observations to be made. 

None 

3. lfuat is the optimum time chror,ology of observations on a seasonal basis and 'vhat 
is the m~~imum allowable departure from these optimuu tiues? (Key to chart 
prepared under item 1 when necessary for clarification.) 

4. Ilm-J' many day:s of flight operations are required and hci~., many flight hours per day? 
2 hrs/day for 6 days. 

Total flight hours? 
10 hrs. 

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

My investigations will be the principal one. 

6. lfuat types of special equipment are required for the aircraft (non carry-on)? 

lfuat are the '"eights, dimensions, pm•er requirements, and installation 
problems unique to the specific equipment. The SDS unit will weigh about 1000 lbs. If 

necessary, it needs to be lifted from the lagoon shore and gradually unhooked in the 
la oon. 

7. l·fuat are the Heights, dimensions and p01-1er requirements of carry-on equipment? 

Maximum 1000 lbs. 

B. Hhat type of aircraft is best suited for the purpose? 

Don't know 

9. Do you rccoil~end a source for the aircraft? N/A 
If "yes", plco.se name the source and the reason for your recorr...:!lendation. 

10. l~1at is the per hour charter cost of the aircraft? 

N/A 

11. lloiV m:my people nrc required on board for each flir,ht (cxclu<.ive of fli~ht crc1v)? 

Between 2 to 3 

12. Hhcrc do you recommcml th."lt flir.;hts he st:wecl fr )m? 
Milne Point or Helmerick's place in Colvi1~e De~ta. 

Deadhorse, Point Barrow, Oliktok Point, 
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D. QUz\RTERS lu'W SUBSISTENCE SUl'l'ORT 

1. Hhat are your requirements for quarters and subsistence in the field area? 
(These requirements should be broken dmm by (a) location, (b) calendar period, 
(c) number of personnel per day and total man days 2er period). 
Helmerick's place on Colville Delta: Between July 26 and August lOth, 1978; for two 

scientists on discontinuous basis; 10 days. 

Deadhorse: August 1st week and September 2nd week; 3 days each time for two scientists. 

Milne Point: Between August 1 to September 25th, 1978 on a discontinuous basjs; total 
of one month; three scientists. 

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

OCSEAP Arctic Project Office, Fairbanks. 

3. lfhat is your estimated per man day cost for this support at each location? 

Between $40-50/day 

Hmv did you derive this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established corrunercial 
rates at the location or on estimated costs to establish and naintain a field 
camp? 

Reasonable guesses based on current rates. 

E. SPECIAL LOGISTICS PROBLE·lS 

1. lfhat special lo~istics problems do you anticipate under your proposal and hm• 
do you propose that the problems be solved? (Provide cost estimates and in
dicate whether you propose handling the problems yourself or. whether.you must 
depend on NOAA to solve them for you? 

It is most critical that the SDS unit consisting of an instrumented tripod package 
be transported with utmost care to the experimental site in the Simpson Lagoon by August 
1, and retrieved before icing forms in the lagoon (say around 2nd week of September). 
Presumably the transport of the SDS can be handled satisfactorily either on the deck of 
the Alumiak or by helicopters from the Simpson Lagoon shore. In the latter case, the 
SDS unit will be transferred from Deadhorse by OCSEAP truck. Delays in the transportation 
of the SDS will adversely effect the Sediment Dynamics program. 
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MILESTONE CHART 
0 - Planned Completion Date 
X - Actual Completion Date 

R.U. # __ ~5=2~9-------------------- P.I. ___ A __ ._s __ ._N __ a_i_d_u ______________ __ 

Major Milestones: Reporting, data management and other significant contractual 
requirements; periods of field work; workshops; etc. 

MAJOR MILESTONES 
1978 

0 N tD J F M A 
work and participation in the 

1979 
M J J A s 0 

Report on the field 
Beaufort Sea cruise X X 

Size distribution data on sediments 0 X 

Heavy mineral contents in sands X 

Clay mineral contents in clavs 0 X 

Organic carbon contents in suspensates 0 X 

Nitrogen contents in suspensates 0 X 

Sand transport directions and sources X 

Clay transport directions and sources 0 X 

Threshold of sediment movements 0 X 

Sediment Dynamics Sphere basic data 0 X 

First Quarterly Report X 

Second Quarterly Report X 

Third Quarterly Report '' 
X 

-' 

'• 

Final Report* 

~ 

N 

0 

0 

'I_ 
*Subm1ss1on of the F1nal Report w1ll have to be extended well beyond September 30, 197J when the fund1ng 
closes. to incorporate 197 9 Summer data. 1\ 
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I. 

FY 79 RENEWAL PROPOSAL 

I. Title: The Environmental Geology and Geomorphology of the Barrier 
Island-Lagoon System Along the Beaufort Sea Coastal Plain 

Research Unit Number: #530 

Contract Number: #03-5-022-56 

Proposed Dates of Contract: October 1, 1978 thru September 30, 1979 

II. Principal Investigator: Dr. P. Jan Cannon 

III. Cost of Proposal for FY 79: 

A. $36,622 

B. None 

c. $36,622 

D. 100% Beaufort Sea 

',[1 

IV. Background: 

The stability of various landforms which comprise the natural habitat 

is extremely important to the ecology. The stability of the various landforms 

is directly related to the natural geomorphic processes which occur in the 

area. The natural.geomorphic processes must first be identified and second, 

their magnitude and intensity determined. This is done in order to establish 

a reference of the natural conditions. The reference is needed so that the 

effects of lack of environmental control or (just as harmful) the effects of 

unnecessary environmental control can be assessed. The natural conditions 

must be known before ·they can be maintained for the sake of the ecology. 

Previous research indicates that there are two types of islands: 

gravel islands and tundra islands. However, the materials which make 

up the islands have a common source, the coastal plain. Previous research 

also indicates that the lagoons are created by the enlargement of coastal 
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plain lakes. The direction of future research is dictated by the pre-

vious research. Since the lakes on the coastal plain are important to 

barrier island-lagoon development, the rates of natural change and the 

processes involved are important factors to be studied •. The previous 

research has further indicated that the streams which enter the lagoons 

are important to the geomorphology and the ecology of the system. These 

streams and their importance can be best studied by looking closely at the 

deltas at their mouths. Deltas are very delicate landforms which respond 

easily to natural processes and record the intensity and magnitude of the 

natural geomorphic processes which are occurring in the system. There-

fore, future research will include a very close look at the deltas, both 

·qu:a:litative and·quantifative. I 
I II 

Previous investigations have indicated that there is apparently a 

corresponding vertical drop in land surface with the horizontal retreat 

of shorelines. The magnitude and rate of the vertical change is unknown. 

Future study will look at this change because if it is large enough, it 

could play a very important part in maintaining the natural ecological 

conditions. 

V. Objectives: 

1. To determine the origin and stability of the barrier island-

lagoon system. 

2. To identify the natural geomorphic processes involved in 

creating and maintaining the natural physical environment. 

3. To determine the rates of natural change in features due to 

natural processes. 
' ' ,, 

4. To provide baseline information that can be used to predict and ''· 

assess environmental impact in an unbiased manner. 
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Page 3 

5. To provide geomorphic information that can be used to 

establish guidelines for land use and resource management. 

6. To compile information that can be used to construct a model 

which can be manipulated' to inaicate long a~d short term 

changes both naturally or as the re~ult of development. 

The purpose of the scientific objectives is to establish information 

which will be displayed or discussed in the products. The objectives 

specifically approach areas of unknown data and parameters,needed to 

make an environmental assessment of the Beaufort Sea Continental Shelf. 

The products, reports, maps and tables provide infor.!ll1ftion about the 

scientific objectives which can be drawn on,,as needed to help in decision

making prior and during leasing and develqpment. 

VI. Strategy and Approach: 

There are two basic aspects behind the strategy of this proposal: 

1) expand information learned in the Simpson Lagoqn area to the rest of the 

lease area, and 2) fill in the presently existing information gapsabout 

geomorphic processes and the rates of naturB;l change. The following is a 

list of the basic methodology: 

1. Interpretation of aerial photographs, radar imagery, landsat 

imagery, thermal infrared imagery and other satellite and 

aircraft data. 

2. Ground reconnaissance on foot and boat. 

3. Low altitude aerial reconnaissance. This is a very important 

part of the ground truth measurements and map verification. 

4. Literature evaluation. 

5. Exchange of data with Dr. A.S. Naidu. This has been very 

helpful in previous research. 
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6. Quantitative and qualitative analysis of the deltas in the 

area. 

7. Comparison of sequential data. 

8. Compilation of a landforms map of the region. 

9. Analysis of the geomorphic setting of the lease area. 

10. Compilation of shoreline erosi'on maps for the rest of the. 

islands; the coast, and the important lakes. 

11. Analysis of the future results of natural processes and man-

induced effects~ 

12. Construction of an environmental process map. 

13. Make an evaluation of the remote sensing techniques best suited 

for various aspects of the project. 

The natural changes in the barrier island-lagoon system and the 

coastal plain will be determined using aerial photographs taken over a 

25-year period, sequention landsat imagery and other satellite and. air-· 

craft remote sensing data. Field studies of geomorphic processes and the 

interpretation of remote sensing data will provide information: concerning 

the origin and stability of the barrier island-lagoon system and the 

importance of the adjacent coastal plain. Information generafed by this 

project will be interfaced with the work done by o~her research units in 

order to expand the usefulness of the information and to verify interpre-

tations. Interpretations will be based on the information collected and 

analyzed, therefore," it is·· expec.ted that interpretations wi11 evolve as 

new data is acquired. The direction of research will be continually 

focused towards the obJectives necessary for the environmental assess-

ment of the Beaufort Sea Continental Shelf. 
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A. Sampling Methods: Not applicable, see above. 

B. Analytical Methods: Not applicable, see above. 

VII. Deliverable Products: 

A. Digital Data: None 

B. Narrative Reports 

Special report topics will include the rates and processes behind 

the natural retreat of the shorelines. Also a sp~cial section in the 

annual report will present the quantitative and qualitative study of the 

deltas. A special report is planned concerning the applicability of 

various remote sensing techniques' to the research problems in the lease 

area. 

c. Visual Data 

Maps showing landforms, erosion rates and processes will be con

structed. It is expected ·that several photographs and tables of infor

mation will be used to help convey the magnitude of various processes. 

The physical size of the maps will be kept to page-size in order to aid 

in reproduction. The scale of some of the maps will be large, therefore, 

the areas will be broken into segments that can be shown on page-size 

maps. 

D. Other: None 

E. No digital data will be produced by this R.U. (see Milestones) 

VII. Quality Assurance Plan: 

The principal investigator always uses prior planning in all as

spects of research. The principal.investigator is a multi-rated pilot 

and an experienced arctic field geologist, therefore, no reason exists 

for other than quality and timeliness in the investigation • 
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IX. Specimen Archival: Not applicable 

X. Logistics Requirements: See attached forms 

XI. Anticipated Problems: Contingency Plan 

In the event that field information suffers from the effects of 

weather, a heavy reliance will be placed on information from remote sensing 

techniques and data from other research units. An unexpected lack of remote 

sensing data will be compensated with increased field work. This project 

does not rely on any instrumentation used in the field so those types of 

problems will not occur. 

XII. Information Required from other Investigators: 

Information from other investigators has been a tremendous help in 

previous investigations. The type of information from other investigators 

which is useful is quite diverse. Information about water and weather from 

the biologists is useful to the process studies. Physical parameters from 

the oceanography group provides data which'can be used to determine rates 

of change. Observational and sedimentation information from Dr. A.S. 

Naidu, R.:U. I! 529, will be used to verify processes and to supplement in

formation problem areas such as sediment volumes. 

XIII. Management Plan: 

See milestones chart. At the close of the summer the amount of data 

to be analyzed is at its peak. Remote sensing data is collected by various 

sources throughout the summer. A major fall project is finding and acquiring 

all the various types of remote 'sensing data that was, taken. Throughout 

the winter the remote sensing data is carefully studied and measured •. The 

quantitative and qualitative studies are completed for use in the annual 

report. In the spring the field work for the summer is planned. Field 
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work must be carefully planned for optimum use of time and resources. 

Field work in the summer is used to fill in information gaps and to 

verify previous interpretations. 

XIV. Outlook: 

The final products will be information sources for environmental 

assessment of the study area. The information will indicate the present 

natural conditions and ind:i.cate what is to be expected as a result of 

natural changes. The final products will contain the in{orma,tion needed 

to determine the impact on the natural conditions as a result of the lack 

of environmental controls and adverse accidents related to development. 

Significant results will be the rates of horizontal arid vertical changes, 

. ' . 
and a method to predict the future of thes~ changes. Future efforts should 

include a lagoon by lagoon study along the Beaufort Sea coast. The previous 

work·indicates that the Simpson Lagoon is not representative of the other 

lagoons. A closer look at the effects of ground water flow on the lagoons 

should be considered in the future. A future problem wo"\lld be to integrate 

the geomorphic data collected ·with long range weather information, both 

past and future •. 

One significant problem is the reason for actual barrier island chain 

location. Additional equipment is not needed but additional photographic 

data would have to be acquired~ The cost for these projects beyond FY 79 

would be on the order of $80,000 per year. A considerable portion of the 

funding would be spent on detailed field work. 
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XVII.Contractual Statements: 

a. A schedule for data submission for each task order has been, and 
will continue to be, submitted and updated each quarter. 

b. This statement is in accordance with our base contract, and we 
will continue to comply. 

c. See section IX of this proposal. The University of Alaska will 
continue to negotiate a Voucher Specimen Policy with NOAA/OCS. We 
will·· comply with the then agreed to policy. 

d. See section XIII 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 Un:l.versity duties of the Principal Investigator. 
Funds for travel labeled "Administrative Travel" have been allocated 
in previous funding cycles for this R.U. We believe sufficient funds 
remain for this FY. 

e. Data will be provided in the form and format agreed to by the 
University and NOAA/OCS in the negotiating of the Data Management 
Plan. Digital data will be accompanied by the D.D.F (NOAA Form 
24-13). 

f. As per Article 9 of the base contract, .the University of Alaska 
agrees to the following: " ... all archivable data is to be sub
mitted 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· proc~dure. 1 ' NODC Taxonomic Code will 
be used where appropriate for FY '79 data submission. 

g. 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 Scientist. 

h. As per the contract, the University of'Alaska will maintain a 
property inventory including all information required by form CD-281 
for all non-expendable equipment purchased with funds allocated 
under this contract. Furthermore, we will comply with the quarterly 
reporting of said inventory. 

i. Three copies of all publications or presentation abstracts or manu
scripts pertaining to technical or scientific material developed 
under OCSEAP funding will be submitted to the COTR prior to publi
cation or presentation. Copies of all news releases mentioning OCS 
or using information gathered by OCS funding will be sent to the 
COTR. When made available, during the lifetime of the appropriate 
task order, five reprints will be sent to the Project Office. 
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B. AIRCRAFT SUPPORT - FIXED WING 
P. Jan Cannon 

1. 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.) 

One flight from Deadhorse to Flaxman Island and return 

2. Describe types of observations to be made. 

Low-altitude photo-recon 

3. What is the optimum time chronology of observations on a s~asonal basis and what 
is the maximum allowable departure fr.om these optimum times? (Key to chart 
prepared under Item 1 when necessary for clarification.) 

Anytime coast is ice-free 

4. How many days of flight operations are required and how many flight hours per day? 

Total flight hours? 
One flight operation/8 flight hours/one day--8 hours total 

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

No--can be piggybacked 

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

What are the weights, dimensions, power requirements, and installation 
problems unique to the specific equipment. 

N/A 

7. What are the \veights, dimensions and pO\ver requirements of carry-on equipment? 

Cameras and film - less than 20 kilograms · 

8. \lhat type of aircraft is best suited for the purpose? 

Large single engine 

9. Do you recommend a source for the aircraft? No 
If "yes", please name the source and the reason for your recommendation. 

NA 

10. Hhat is the per hour charter cost of the aircraft? 

Unknown 

11. Uo\v many people are required on board for each flight (exclusive of flight cre\v)? 

· Two 

12. Hhere do you recommend that flights be staged fr.:)[n? Deadhorse 
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C. AIRCRAFT 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 
C?mps to field camps and visa versa, chart submission is not necessary but 
origin and destination points should be listed). 

Deadhorse to Flaxman Island 

2. Describe types of observations to be made. 

Close observations of processes on islands 

3. What is the optimum time chronology of observations on a seasonal basis and what 
is the.maximum allowable departure from these optimum times? 

Anytime that the islands are ice-free 

4. How many days of·helicopter operations are required and how many flight hours 
per day? Two days of operation/5 hours per day 

Total flight hours? 

Total of 10 flight noyrs 

5. Hm.;r many people are required on board for each flight (exclusive of the pilot)'.? 

6. \Vhat are the \veights and dimensions of equipment or supplies to be transported? 

Less than 20 kilograms 

7. \.Jhat type of helicopter do you reommend for your operations and \vhy? 

Two engine for safety 

8. Do you recommend a particular source for the ·helicopter? If "yesn, please name 
the source and the reason for your recommendation. 

No 

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

Unknown 

10. Hhere do you reommend that flights be staged from? 

11. \Yill special navigation and communications be required? 

No 

491 



I, 

I" 
I' I 1>. QUARTERS Al~D SUBSISTENCE SUPPORT 

1. What· are your requirements for quarters and subsistence in the field area? 
(These requirements should be broken do>m by (a) location, (b) calendar period, 
(c) number of personnel per day and total man days per period). 

a) Deadhorse 
b) July and August 
c) 2 persons/day- total of 12 days' 

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

3. \fhat is your estimated per man day cost for this support at each location? 

$50.00/day 

How did you derive this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to establish and maintain a field 
camp? 

Based on previous field experience in the Arctic 

E. SPECIAL LOGISTICS PROBLm-1S 

1. \fhat special logistics problems do you anticipate under your proposal and how 
do you propose that the problems be solved? (Provide cost estimates and in
dicate whether you propose handling the problems yourself or whether you must 
depend on NOAA to solve them for you? 

Special logistics problems concern the acquisition of remote 
sensing data. These problems will be handled mostly by the 
P.I. 
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'HILESTONE CHART 

0 Planned Completion Date 

X Actual Completio'Q. Date 

RU fl ____ _ PI: ~Jan Cannan 

Major Milestones: Reportings-tla:ta tlianagement aHa etfl.e;. significant 
contractual requirements; periods of field work; workshops; etc. 

1978. 1979 
Y~JOR MILESTONES 0 N D J F M A M 

Analyze summer field data 0 
Complete collection of previous summer 
and fall remote sensing data n 

Complete measurement of island erosion r::~t-,. n 
Complete measurement of coastal erosion 
rates 

l 
0 

Compile annual report on previous sunimer' s. 
field data analysis & calculated erosionra "PI'! () 

I Complete study on river deltas concerning 
impact and natural processes 0 
Complete study on the evolution of the 

I lagoons-and the coastal plain lakes 0 
Plan field document-ation program for I July and August 
Field documentation of geomorphic processes 
and rates of change 
Field documentation of unstable zones 
and verification of map units 

Review of summer field work I 
Complete drafting of maps 
Complete final report on stability of 
islands and coastal plain 

J J A s. 0 

0 

0 

() 

0 

0 

0 
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To: Arctic Project Office 
506 Elvey Building 
Geophysical Institute 
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IV. Background 

The work proposed here is of relevance to two principal 
groups. First, as specified by the NOAA OCSEAP Arctic Project 

,Off~ce, the prime responsibility of the Physical Oceanography 
Research Units is to support the Biological Studies by providing 
the appropriate physical data. Secondly, the Physical Oceano
graphy Research· Units must, through interaction, be responsive 
to the needs of the Bureau of Land Management. Accordingly, the 
research undertaken to date commenced with·s·tudies limited to 
Simpson Lagoon and its immediate surroundings. The studies are 
currently being expanded in the spatial sense to include areas 
outside Simpson Lagoon both by numerical modeling and by field 
investigations. Specifically, numerical models have been written 
that cover the region from the west of Harrison Bay to near 
Flaxman Island --- a distance of some 200 km. During the 1978 
field season, besides assisting the biological ~arty with both 
hydrographic surveys and with providing a continuous readout of 
lagoon wave heights, currents and water quality, efforts are 
being directed towards conducting drifter tracking experiments 
both inside and outside of Simpson Lagoon. This latter effort 
should provide much needed information concerning the current 
field between Prudhoe Bay, the mouth of the Colville River, and 
the west.side of Harrison Bay. 

The research proposed for 1979 represents a direct extension 
of the above work. It appears that the biological research is 
being faced with two questions: 1) what is the source of the 
water that flows into Simpson Lagoon, and 2) is Simpson Lagoon 
typical of the Beaufort Sea nearshore environment? The first of 
these questions is the subject of our present work. The second 
question requires several short-term investigations of selected 
atypical near.shore sites. The latter mobile approach requires 
that our Physical Oceanography Research Unit 531 follow, as much 
as possible, the movement of the biological group. 

The .. proposed research addresses not only the problems of 
the biological group, but also includes work of perhaps of more 
direct interest to the Bureau of Land Management---the estimation 
of surface currents and of horizontal eddy diffusivities. Several 
groups have pointed out the lack of knowledge concerning the 
variability of long shore currents (Beaufort Sea Synthesis Report 
[Draft], 1977, page 41; Comments on Draft Beaufort Sea Synthesis, 
1977; Beaufort Sea Synthesis Report, 1978: Physical Oceanography 
and Meteorology [Draft], 1978, page 49). It is interesting to 
note that in all three of the above reports mention is made of 
the need for more information concerning cross-shelf variations 
and concerning cross diffusion. Obviously such knowledge is of 
prime importance when estimating the spread of a pollutant. 

A summary of the proposed research is given in the section 
that follows. 
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v. Objectives 

The direct objectives of this project are: 

1. The support of the biological group in their physical 
oceanographic data needs, and 

2. The provision of certain key items of physical oceano
graphic knowledge as needed by the Bureau of Land 
Management. 

The indirect objectives --- the subject of this proposal --
are as follows: . 

1. Field investigations in the vicinity of those sites 
(yet to be determined) selected by the biological group 
for study, · 

2. Drifter tracking in both the Beaufort Sea lease area 
(Flaxman Island to the west end of Simpson Lagoon and 
in that part of Harrison Bay off the mouth of the 
biologically-important Colville River), 

3. A concurrent precision drifter tracking experiment to 
be conducted over smaller special scales than above and 
over a period of several days with the objective of 
obtaining the local horizontal lagrangian eddy-diffusivities 
as needed for realistic dispersion modeling, 

4. Offshore hydrographic measurements, using the R/V Alumiak 
or equivalent, as needed to support both our drifter 
measurement and the eulerian current measurements of 
J.B. MatthewSiand K. Aagaard, 

5. The establishment of one nearshore structure, at a 
site o.r sites yet to be specified, with the capability 
of providing continuous readouts of currents, wave height, 
and water quality, and 

6. Numerical modeling will be used to assimilate previously 
obtained measurements. The development of the four (4) 
available numerical models (2- and 3-dimensional models 
applied to both Simpson Lagoon and the entire lease area) 
will be frozen, and all funds will be directed towards 
model verification and to mission-oriented investigations. 

The relevance of the above goals is as follows: 

1. The presence of a physical oceanographer with the biology 
group will serve to assist the biologists with meteoro
logical and·physical oceanographic data measurements, or 
in interpreting (so far as is possible) any phenomena of 
a physical origin. 

2. Drifter tracking will provide expressive data concerning 
the current regime in the Beaufort Sea lease area. Such 
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information when combined with the current measurements 
of other research units and with numerical modeling 
results, should significantly increase our 
knowledge o"f the variation of currents with distance 
offshore. Such knowledge will greatly assist those con
cerned with navigation and with the movement of sediment, 
contaminants, and plankton. 

3. A realistic assessment of horizontal eddy-diffusivities 
for the lease area is vital if meaningful dispersion 
modeling is to be performed. All too frequently the 
modeling of contaminant dispersion .. looses much credibility 
on account of the guesswork involved in the eddy-diffusivities. 
A series of measurements, even if only conducted over 
several days --- and their not necessarily fully repre
sentative of all typical conditions --- will represent a 
positive step towards more realistic modeling. 

4. Hydrographic measurements are essential for helping the 
interpretation of the various current measurements. It 
is hoped that research unit 526 will assist in this 
important task. · 

5. The instruments to be used on the proposed portable 
structure have already been purchased under the NOAA 
contract. Use will be made of these instruments, either 
to support the mobile biological group, or, if deemed 
appropriate, to support those involved in sediment trans-
port investigations. 

6. To this date, due to the limited availability 6f data, 
efforts have primarily been directed towards developing 
a suite of numerical models for Simpson Lagoon and the 
lease area. (An exception has been the calculation of 
the likely, but unverified, volume exchange rates and the 
trajectories for Simpson Lagoon). At the commencement 
of FY 79 in March 1979, we will be in a position where 
we can start making use of the data gathered over 2 years 
(and to be gathered.in 1979) to calibrate the 4 models 
and to commence using these as tools. We expect that the 
Bureau of Land Management will wish to avail themselves 
of these models by making requests for certain studies--
trajectory modeling, diffusion modeling, etc. Not only 
can the Bureau of Land Management thus play a direct part 
in making use of its previous research monies, it can 
also participate in providing contingency models as may 
be needed by other agencies. 
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VI. General Strategy and Approach 

The need for one party of physical oceanographers to 
support the mobile biological group while drifter tracking is 
to.be carried out is a tough but not insurmountable problem. 
We see close co-operation between the selection and, particularly, 
timing of the piological site visits, and between the orderly 
release of drifters as being crucial. At this point a brief 
discussion of drifter tracking is desirable. 

Drifter tracking, as mentioned in section XVI (Outlook) 
of the 1978 proposal of research unit 531, could be accomplished 
by satellite-tracked buoy at around $3,000 to $5,000 each. While 
still maintaining the importance of such an approach, we suggest 
that a more conservative approach would be to use radio-beacon 
equipped drifters, at a cost of some $200 each, to be tracked by 
2 radio direction finding (RDF) stations.· Drifter deployment 
would be simplified, a larger number of drifters could be deployed, 
and the consequences of the grounding or "ice-trapping" of drifters 
would not be so serious. 

A useful summary of the technique for RDF tracking of radio
beacon equipped drifters is to be found in Murray et al (1975). 
Use of beacons with 4 to 6 MHZ frequencies permitsover-the
horizon tracking from two bases equipped with RDF sets, each con
sisting of a loop antenna, receiver, and digital output of bearing 
and frequency. For safety in remote locations, the mobile stations 
require 2 persons. The statiqns should be located so as to produce 
bearings whose intersections are as close to being perpendicular 
as possible --- requiring thus logistical support by float plant, 
helicopter, or boat. 

The manufacturer of the drifters, W. Whelan of Telecommuni
cations Enterprises, Inc., is currently working on the design of 
an air-droppable radio-beacon equipped drifter scheduled for 
production in 1979. We feel, however, that in order to ensure 
a large enough subsurface to surface drag ratio (to eliminate wind 
caused errors) we must ensure the use of large vanes. This 
requirement seems to indicate the need for deployment from the 
sea surface. Since the drifters may have to be released some 
10 miles from shore, use of a vessel such as the R/V Alumiak seems 
mandatory. The availability of such a vessel for 3 weeks will 
furthermore permit study of the prevailing hydrography and (with 
high-precision navigation relying on shore-based transponders) will 
permit lagrangian dispersion studies to be performed. 

We therefore envisage the following: 

1. For a period of 2 months, two RDF groups will be in the 
field between Harrison Bay and Flaxman Island. The base 
RDF group will be with the biological camp, while the 
mobile RDF group will be sited, using OCSEAP logistics 
support, so as to produce suitable bearing intercepts. 
Drifter deployment will be from the R/V .Alumiak for a 
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period of 3 out of the 9 weeks. Other means (probably 
air) will be used for the remaining 6 weeks. Obviously 
considerable attention must be paid to coordination 
between the biological group, the Research Vessel, the 
OCSEAP air logistics group, and the RDF groups. Adequate 
radio communication is essential. 

2. For a period of 3 weeks,-hydrographic data will be taken 
from the R/V Alurniak. 

3. During the 3 week period during which the R/V Alumiak 
is available, 5 days will be devoted to a precision 
drifter tracking experiment for the purposes of ultimately 
computing lagrangian eddy-diffusivities. The ship will 
locate each of 10 beacon-equipped drifters ~sing RDF 
information provided from the shore. Each drifter will 
have to be visited in turn. As a drifter is passed, the 
ships position will be ascertained by the KLI range-range 
Motorola Miniranger III. It is possible that the trans
ponders may have to be relocated periodically to ensure 
adequate spatial cover~ge. Necessary height for the 
mobile antenna is achieved by use of a tethered balloon. 

Numerical modeling --- consisting primarily of production 
runs using 4 previously-developed computer programs --- will be 
conducted. The four models are: 

1. 2-dimensional Simpson Lagoon model 

2. 3-dimensional Simpson Lagoon model 

3. 2-dimensional Lease Area model 

4. 3-dimensional Lease Area model (with or without 'rigid lid 1 ) 

We will bring together, as desired, R.E. Whitaker (from Texas A & M), 
J.B. Matthews and R. Callaway for the purpose of integrating the 
data in and around Simpson Lagoon with the model. Experiments will 
be conducted as requested by NOAA and the Bureau of Land Management. 
Diffusion coefficients as computed during the tests above will be 
used to study any desired scenarios. We see this as the logical 
conclusion to the. first three years of the project. 
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VII. ·Sampling Methods 

Sampling methods are described in the above sections and are 
designed to provide input ~o numerical hydrodynamic models as 
part of this project. 

VIII. Analytical Methods 

Besides general oceanographic interpretations, the data will 
be used as input to hydrodynamic models as part of this project. 

IX. Deliverable Products 

1. Narrative Reports: As required of all OCSEAP projects. 
Methods and results of measurements and modeling of the 
circulation regime inside and outside Simpson Lagoon; 
particularly flow rates ·through various sections in the 
lagoon system and between barrier islands. Drift paths 
from buoys and wave measurements. 

2. Digital Data: Current, conductivity, temperature, wind 
and wave data collected during summer. 

3. Visual Data: 

a. Computer displays of currents at various depths inside 
and outside Simpson Lagoon under different wind and 
river discharge conditions. · 

b. Displays of surface and bottom salinities under various 
environmental conditions. 

c. Displays of particle ~racks at different depths under 
various environmental conditions. 

d. Plots of curren~, conductivity and temperature data. 

X. Quality Assurance 

All instruments will be calibrated and all data checked 
according to professional standards of the principal investigators 
and of NOAA. 

XI. Archival Plans 

No samples are to be taken that require archiving. 

XII. Logistic Requirements 

See Attached Forms. 
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1. Narrative .Reports: .As required of all OCSEAP projects. 
Methods and results of measurements and modeling of the 
circulation regime inside and outside Simpson Lagoon: parti
cularly flow rates through various sections in the lagoon 
system and between barrier islands. Drift paths from buoys 
and wave measurements. 

· 2. Digital Dat.a: Current, conductivity, temper(!.ture, wind and 
wave data collected during summer. 

3. Visual Data: 

a. Comp~ter: displays of currents at various depths inside and 
outside Simpson Lagoon under different wind and ~iver 

. discharge condttions. ' ' · · 

b. Displays of surface and }:)ottom S?t·lini ties under various 
environmental conditions~ 

c. Displays of particle tracks at different depths under 
various environmental conditions. 

d. Plots of current, conductivity, and temperatur~ data. 



XII. LOGISTICS UEQUlREHF.N'IS 

Please (ill in all spaces or indicate not applicabic (N/A). Use additional 
sheets as necessary. Budget line items concerning logistics should be keyed 
to the relevant item described on these forms. 

1.: INSTITUTION Kinnetic Laboratories, Inc. PRINCIPAL INVESTIGATOR Dr. J .C.H. Mungall 

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. 
R.V. Alumiak; Harrison Bay to Flaxman Island {to about 10 mi. offshore) 

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. -- Launch, tracking and recovery of current drogues with RDF 

beacons. Hydrographic casts with self-contained STO system. 

3. What is the optimum time chronology of observations on a leg and seasonal basis 
and what is the maximum allotvable departure from these optimur.1 times? (Key to 
chart prepared under Item 1 when necessary for clarification.) 

3 weeks out of 8-9 week period during July and August 1979. 

4. How many sea days are required for each leg? (Assuoe vessel cruising speed of 
14 knots for NOA.~ vessels. Do not include running time from port to beginning 
point and from end point to port and do not include a \vea ther factor.) 

Oai1y trips, 5 days of this 3 week period rna~ require night (24 hr) operations. 

S. Do you consider your investigation to be the principal one for the operation thus 
requiring other activities to piggyback or could you piggyback,?· Principal, due to require 
ment to move with drogues for the 5 day period. Can be coordinated with other programs rest 
Approximately bot>~ many vessel hours per day lvill be required for your observations of 3 
and must these hours be during daylight? Include an estimate of sampling-time on we;kS 
station and sample processing time between stations. 

12 normally 

6. 1Jhat equipment and personnel would you expect thc·ship to provide? 

Ship operator. 

7. \-'hat is the approximate weight and volume of equipment you 1dll bring? 

350 lb~ 18 ft3 in pieces. 

s. Will your d~ta or cquipm~nt require special hnndlinz? 
describe. 
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9. \Hll you rc<juirc arty caGes a1\d/or · chcml.cals? No If yes,· they !lhould uc on 
boord the ship prior to departure fro:a Seattle or time allowed for t;hipment by 
ba.q~e. 

10. Do you have a ship preference, either NOAA or non-NOAA? If "yes", plense name the 
vcssel.and give the reason for so zpecifying. 

R.V .• Alumiak or equivalent 

11. If you recommend the use of a non-NOAA vessel, "'hat is the per sea day charter. 
cost and have y()u verified its availability? 

Not known at present 

i2. How many people must you have on board for each leg? Include a list of partici
pants, specifically identifying any 'Hho are foreign nationals. 

One, no foreign nationals 
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B. AIItCRAfl' !iUl'l'OitT - l·'IXED ~liNG 

1. -Delineate proposed flight lines on n c:lHlrt of the area. Indicate dcs:h:cd flight 
altitude on each l:f.nc. (Nota: If flights arc for tran:~portation only, chart · 
submiosion is not nccccsary but origin and dc:.tination points should be. listed;) 

Harrison Bay to Flaxinan_Island (inshore) 

2. Describe types of observations to be made. · 
. . 

Transportation of field.crews; drop off current drogues in areas of quieter water. 

3. •lliat is the optimum time chronology of observa~ions on a seasonal basis and what 
is the maximum allowable departure from these' optimu:1 times? ·(Key to~cha'[-t 
prepared under Item 1 when necessary for clarification.) 

Periodically (about 1 trip/week of about~ day), 8 weeks July and August 1979. 

4. ltow many days of flight operations are required and how many flight hours per day? 
approx. 8 days 

Total flight hours? 
4 hrs/day = approx. 32 hrs. 

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

Cooperative work can be arranged. 

6. \olhat types of special equipment are required for the airq·aft (non carry-on)? 
NONE· 

\-1hat are the lveights, dimensions, potver requirements, and· installation 
problems unique to the specific equipment. 

NONE- float plane.must land. 

1. t-.'hat are the , .. l:dgllts~ dimensions and patver requirements of carry-on equipment? 

150 l~s, 4 ft. lengths maximum 

8. \~1at type of aircraft is best suited for the purpose? 

180 on floats or equivalent 

9. Do you recommend a source for the aircraft? OCSEAP 
If "ycs11 

• please name the source and th.c reason for your recoxU::nendation. 
Logistic coordination ease. 

lb. \\'llat is the per hour charter cost of the aircraft? 

$90/hour 

11. llm.t m.:my people arc required on board for each flight (exclusive of flight ere\.;)? 

2 

12. lnwrc do you rccummcml thnt flights be stag~d fr.:'lm? 
As convenient to OCSEAP logistics 504 



C. AIRCIU\Fl' SUPl'OltT - IJELICOl'TER 

1. Delineate proposed transects and/or station scheme on a chart of the area. 
(Note: If flights nrc for transport of personnel or equipment only from base 
catnps to field camps and visa versa, chart submission, is not necessary but 
origin and destination points should be listed). 

Harrison Bay to Flaxm.a,n ::i:sland. (inshore) 

2. Describe ·types qf observations. ~9 pe t!lade. 

Transportation.of field crews; drop off current drogues offshore.{uo to 10 mi.) 

3. What is the optimum time chronology·of observations on a ~easonal basis and what 
.is the maximum allowable departure from these optimum times? 

4. 

5. 

Periodically about four 3 hr trips during July & August 1979. 

llow many days of helicopter operations are required and how many flight hours 
per day? 

4 days 

flight hours? Total 
2 hrs/day = 8 hrs 

Hot-7 many people are required ·an board for each flight (exclusive of the pilot)? 

one for dro~e drop off~· Two for' crew relocation. = Three total. 

6. Uhat are the· lveights and dimensions of e<Juipment or supplies to be transported? 

150 lbs., 4ft. maximum length. 

7. 1-lha t type of helicopter do you reomroend for your operations and t-1hy? 

8. · Do you reconunend a particular source for the helicopter'? If "yes", please name 
the source and the reason for your recorr.memdation. 

OCSEAP; logistic and coordination ease. 

9. llhat is the per hour ch~rter cost of the helicopter'? 

$550/hour 

10. \·There do you reommend that flights be· staged from? 

As convenient to OCSEAP logistics. 

11. \-lill special n~vigation and communications he required? 

NONE 
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D. QUARTERS ANU SUBSISTENCE SUl'l'ORT 

1. What nrc your requirements for quarters and subsistence in the field area? 
(These requirements shou1d be broken down by (a) location, (b) calendar period, 
(c) number of personnel per day and total man days per period). 

4 people for 8-9 weeks split between biological field camp and mob~le camp using OCSEAP 
logistics. Field scheduling of drogue drops and of subsequent mobile tracking camp 
location can be somewhat flexible depending upon OCSEAP logistic restraints. 

2. Do you recommend a pnrticular source for this support? If "yes", please name 
the source and the reason for your r~commendation. 

OCSEAP 

3. lihat is your estimated per man day cost for this support at each location? 

$20/day 

Hmv did you derive this figure, i.e., what portion represents quarters and what 
portion represents subsistence and is the figure based on established commerc.ial 
rates at the location or on estimated costs to establish and naintain a field 
camp? 

Ref: Ted Flesker 

E. SPECIAL LOGISTICS PROBLE}IS 

1. lihat special logistics problems do you anticipate under your proposal and ho\v 
do you propose that the problems be solved? (Provide cost estimates and in
dicate whether you propose handling the problems yourself or whether you must 
depend on NOAA to solve them for you? 

Coordination and communications between shore based RDF units and the R/V Alurniak will 
be required for the 3 week period that the ship is being utilized. Periodic movement of the 
mobile RDF team by available OCSEAP logistics (the ship, float plane, or helicopter} will 
be necessary. 

Other means (probably air) will be needed periodically during the other 5-6 weeks 
(about 1/week) to drop drogues off (helicopter use for outside lagoon placement), and to 
periodically move the mobile camp. Communication and coordination between the biological 
group, the OCSEAP air logistics group, and the RDF groups will thus be necessary to work 
around the expected weather complications. 
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XIII. Anticipated Problems 

Coordination and communications problems as discussed above 
under special logistic problems will occur to some extent, The 
flexible schedule for field operat~ons should prevent these, and 
associated weather problems, from seriously reducing field results. 

XIV. Information Required from Other Investigators 

Current meter data being obtained by Dr. Matthews and 
Dr. Aagaard will be used to check modeling. Contacts are made 
to obtain these needed data in time. 

XV. Management Plan 

This project will be managed by Dr. Mungall. Fiscal 
responsibility will be with Kinnetic Laboratories, Inc. A 
milestone chart is attached. 

XVI. Outlook 

The final result is to be an understanding of the physical 
oceanographic processes within the nearshore area of the Beaufort 
Sea along the Alaskan coast. This knowledge is to be embodied in 
a useful form for management purposes. This form is to be as 
numerical hydrodynamic models, verified by actual field data, and 
capable of simulating the physical oceanographic processes in the 
region. 

As of this coming project year, these models will have been 
constructed and have been verified by some actual data. 

It is anticipated that remaining efforts will involve the 
use of the models to simulate specific cases in order tq solve 
applied problems or guide management decisions. In addition to 
model improvements or additions, the addition of an oil spill 
subroutine is anticipated. 

Future field work should be aimed toward further verification, 
with particular emphasis upon measurements of turbulent diffusivities 
and the wind response of the very surface layer. A next year fiscal 
year cost of $70,000 would be anticipated. 
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0 - Planned Completion Date 

X - Actual Completion Date 

RU Q __ s_31 __ _ PI: ·Dr. J.C.H. Mungall 

1-!ajor Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 
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XVII. Standard Conditions 

1. Updated milestone charts will be submitted quarterly. 
A schedule for processing and analysis of past year's 
data will be submitted to the Project Office upon request. 

2. Quarterly Reports will be submitted to the appropriate 
Project .Office during the contract by the first day of 
January, July, and October, Annual ~~ports by April 1. 
The Final Report will be submitted within 90 days of the 
expiration of the contract. · 

3. Where biota are concerned, all species and higher categories 
will be represented by the voucher specimens that will be 
preserved, labeled, held, and shipped to an official OCSEAP
designated repository. in conformity with OCSEAP voucher 
specimen policy. 

4. At the option of the Project Office the Principal Investigator 
is prepared to travel to the Project Office at least twice 
during the contract year to review project status and 
progress. Such reviews will be scheduled on dates mutually 
satisfactory to both parties. It is understood that costs 
of the travel and per diem for these trips will be borne 
by the Project Office. · 

5. Data will be provided in the form and format specified by 
OCSEAP, accompanied by a Data Documentation Form (DDF 24-13). 

6. Data will be submitted within 120 days of the completion 
of a cruise or three month data collection period, unless 
a written waiver has been received from the Project Office. 

7. Within 10 days of the completion of a cruise or any data· 
gathering e.f:fiort, a ROSCOP data collection inventory form 
(NOAA 24-23) will be submitted to the Project Data Manager. 

B. Title for all property purchased with OCSEAP funds remains 
with the u;s. Government pending disposition at contract 
expiration.· New equipment purchased will be reported 
quarterly and inventoried annua~ly. The PI will maintain 
inventories of all expendable and non-expendable equipment 
purchased with OCSEAP funds. Information will be recorded 
as shO"VJ'n on form CD-281, "Report of Government Property in 
Possession of Contractor." Updated copies of these inven
tories will be submitted quarterly. 

9. Three (3) copies of all manuscripts for publication or 
presentation which pertain to technical or scientific 
material developed under OCSEAP funds will be submitted 
to the appropriate Project Office at least sixty {60) 
days prior to release, for information and for forwarding 
to BLM. The release of such material within a period of . 
less than sixty (oO) days shall be made only with prior 
written consent of the Project Office. News releases 
will first .be cleared with the appropriate Project Office. 

10. All publications and presentations of material developed 
under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. 
The following acknowledgement is standard: 
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"This study was supported by the Bureau of Land 
. Management through interagency agreement with 
the National Oceanic and Atmospheric Adminis
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3. TECHNICAL PROPOSAL 

I. TITLE 

Nutrient Dynamics and Trophic System Energetics in Nearshore 
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B. P. I. ,Provided Logistics: None 

C. Total: $56,691 

D. Distribution of Effort by Lease Area: Beaufort Sea - 100% 
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IV.. BACKGROUND 

This proposal outlines work to be performed in direct conjunction 

and cooperation with OCS Research Unit 467, LGL Limited's Ecological 

Process Studies in the Beaufort Sea Barrier Island-Lagoon system. The 

proposed work below will be completely integrated with the LGL Limited

US proposal for 1978-1979 and will be a cooperative study with personnel 

of LGL and Dr. Don Schell of the Institute of Water Resources, Univer

sity of Alaska. As such, the principal investigator will utilize LGL 

logistic facilities in the field and will participate in LGL sponsored 

workshops. 

The primary goal for this research unit is to provide data on the 

coastal' marine ecosystem energetics and nutrient cycles and identify 

critical aspects which directly or indirectly may be impacted by OCS de

velopment. The ,data acquired will be synthesized to relate'directly to 

OCS development .and will. also be utilized in LGL modeling workshops to· 

attain integration of the ecosystem process studies. As such, a ~egree 

of flexibility is incorporated to allow extension or site specific inten

sification of study effort as deemed P,esirable by the overall requirements 

of the LGL team. This coherency of effort has worked very well in the 

past year arid has resulted in considerable evolution of this research 

. unit. Thus,. although this study was originally proposed to examine a 

• specific aspect of primary production in nearshore under-ice waters, 

namely ice algae productivity, the emphasis has shifted toward the elu

cidation of the role of terrestrially·derived organic carbon as an energy 

' source to marine biota. The data summarized and presented below repre-

sent current "best estimates" of the relative magnitude of the energy 

513 



sources driving the nearshore ecosystem and are being refined as more 

data are acquired. 

V. OBJECTIVES 

The overall objective of RU 537 is to describe the principal pro

cesses supplying energy (i.e. fixed carbon) to the biota of the Beaufort 

Sea coastal zone and to reiate the various nutrient chemistry regimes 

observed to this production of energy. Both terrestrially derived and 

offshore derived nutrient sources are considered. The information 

obtained is for integration into the overall structure of the LGL Barrier 

Island study group, RU 467 •· Their modeling effort will relate this in

formation to: 1) description of the overall ecosystem, 2) pos~ible ocs 

direct impacts on the nearshore biota by offshore oil and gas development 

and 3) possible impacts on the nearshore biota caused by "upstream 

effects" on land which would change the character of terrestrial input 

of nutrients and/or carbon to_ the marine ecosystem via erosional processes 

or runoff. 

Specific Objectives 

The specific objectives of this research unit are as follows: 

1. Establish mass balance relationships for particulate and dissolved 

nitrogenous nutrients beneath the winter ice cover in the near

shore Beaufort Sea. 

2. Compare standing stocks of epontic algae in relation to under-ice 

water circulation. 

3. Collect data delineating temporal and spatial variability in ice 

algae blooms in the nearshore Beaufort Sea. 
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The data requirements of the LGL-Barrier Island study group have 

identified and necessitated the inclusion of the following objectives 

relating to the nutrient and energy inputs to the coastal marine eco

system: 

4. Determine the total inputs of energy to the coastal .ecosystem 

including allochthonous carbon and nitrogen entering the system 

via terrestrial runoff and coastal erosion. 

5. Relate the observed patterns. in nutrient availability over the 

annual cycle to the heterotrophic utilization of detrital carbon 

within the coastal ecosystem. 

6. petermine to what extent the detrital c:;:arbon is passed up the. 

food chain and the relative significance of the various energy · 

inputs to specific higher organisms in the coastal Be~ufort Sea. 

VI. GENERAL STRATEGY AND APPROACH 

Introduction 

Photosynthetic primary production in the nearshore Beaufort Sea, as 

elsewhere in the biosphere, is the principal source of energy and incor

porated nitrogen and phosphorus for higher trophic levels. However, un

like coastal waters in more temperate latitudes, primary production in 

the Arctic Ocean is rigorously controlled by extreme seasonal varia·tions 

in light intensity and to a lesser extent by the physical and chemical 

structure.of the water column •. In addition, the mechanisms of algal 

productivity in the coastal Beaufort Sea are unlike temperate waters 

where water column stability is critical to the onset of the spring bloom. 

In the Arctic, the spring bloom commences when winter conditions are 

515 



greatest as typified by maximum ice thickness and minimum water tempera-

tures. The primary production does not begin in the water column but 

instead occurs as a layer of epontic algae on the underside of the 

ice. Studies by Alexander et aZ. (197-4) documented the ice algae layer 

and concluded that the appearance of ice algae populations is triggered 

by the attainment of critical light intensities in the spring, usually 

in mid-April. Little is known, however, of the extent to which ice 

algae cover the bottom of the nearshore ice sheet other than patchiness 

results from variable light attenuation caused by snow drifts on the 

surface of. the ice. Epontic ice algae production reaches a maximum in 

mid-May ~~d estimates by Clasby et.aZ. (1976) based on a single sampling 

site off'. the Naval Arctic Research Laboratory at Point Barrow, indicate 

that the annual production at that location was approximately 5 g C/m2-yr. 

Although this is a low amount by temperate standards, it represents a 

significant fraction of productivity in the nearshore Arctic. Ice algae 

production essentially ceases as the bottom of the ice sheet erodes in 

early June with the onset of melt. For the remainder ·of the summer, 

primary production by phytoplankton assumes the major role with addi-

tiona! production occurring in gravelly shallows by benthic algal commu-

nities. Instantaneous rates of production by benthic algal mats off 

Barrow were found t~ exceed the highest·rates measured on ice algae or 

phytoplankton at the same location (Matheke and Horner, 1974) but the 

apparent need for a suitable substrate and critical light requirements 

probably relegate benthic production to a minor role in the overall annual 

primary production in these waters. Further qriantification of benthic 

production in the shallows is desirable, however, to validate projections 

of productivity. 
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The nutrients required to support the annual cycle of primary pro

duction in the shallow bays and estuaries are derived from a combination 

of deep-water and terrestrial sources plus in situ regeneration. The 

relatively high.organic and inorganic nitrogen concentration in the run

off waters of the Colville River during summer are believed to complement 

the high phosphate concentrations of the Harrison Bay-Simpson Lagoon 

areas and contribute toward balancing an. apparent nitrogen deficiency in 

the nearshore Beaufort Sea waters (Schell, 1975; Alexander et aZ., 1975). 

In situ regeneration of.ammonia has been measured by Alexander et aZ. 

(1975) in summer and Schell (1975) has measured rates of under-ice 

ammonification in Simpson Lagoon waters. Schell (1974) has also measured 

nitrification and heterotrophic utilization of dissolved organic N with 

consequent release of ammonia in the under-ice saline waters·of the 

Colville River. 

Thermohaline Convection 

The past work of Schell (1975) on Dease Inlet near Point Barrow has 

let to the formulation of a hypothesis that the spring epontic algal bloom 

may derive a large fraction of its nutrient requirements through a mecha

nism of thermohaline convection which serves as a "nutrient pump" into 

shallow waters. As the ice freezes on the bottom side of the ice sheet, 

the salt .is excluded causing a localized increase in salinity and density 

at the interface. This denser water drains away and is replaced by 

fresher water. On a macro scale, the thickening ice sheet causes an 

increase in the salinity beneath the ice that is most pronounced in 

shallow bays such as Harrison Bay or Dease Inlet and the lagoon systems. 
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If communication is possible with offshore water, the hypersaline water 

drains out of the shallows along the bottom and is replaced by onshore 

flow beneath the ice. This onshore flow brings a fresh nutrient supply 

which is readily assimilated by the epontic algal community on the urider-

sid~ of the ice. Since ice accretion occurs until mid-May, this 

"nutrient pumping" process may be biologically beneficial for up to two 

months during the spring and the accumulated algal biomass may contain 

nitrogen and phosphorus in excess of that which would have been avail-· 

able in the water column beneath the ice had "nutrient pumping" not 

occurred. Recent work to delineate the extent of these processes has 

resulted in the complication of the simplistic model described'above~ 

Spring sampling in 1978 in.Simpson Lagoon·has revealed that sediment 

entrainment in the ice column may render the ice opaque to incoming 

radiation and prevent algal growth on the under-ice surface •. Although' 

full processing of samples is not complete, cores cut in late May 1978 

contained large amounts of detrital material in the ice column at 

depths corresponding to October-November freezing. Only cores taken 

outside. of Simpson Lagoon were clear ice top to bottom and had high · 

concentrations of algae on the ice-water interface which may indicate 

that variability in autumn weather and consequent sediment suspension 

during storms may have a controlling effect on the following spring 

epontic algal .blooms. Previous work in Simpson Lagoon and Elson Lagoon 

yielded high densities of ice algae and cores of clear ice which may 

indicate that this entrainemnt of detrital material is atypical. How-

ever, the addition of 1979 ice core data will be required to help estab-

lish the pattern of autumn ice accretion in these shallow waters. Thus 
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the sampling effort to delineate ice algae spatial distribution will 

be extended into the 1979 spring season • 

. Detrital Based Production 

The enhancement of biologicaL activity in the proximity of land 

has been long recognized and attributed to various fac~ors among which 

are the provision of suitable habitat for both benthic flora and fauna, 

substrate for macrophytes arid input of terrigenous nitrogen, phosphorus 

and carbon via runoff from land. · The arctic coastline provides very 

limited habitat for macrophytes or benthic infauna due to the 2-m freeze 

depth which effectively eliminates the shallow nearshore zone as a year

round environment for marine organisms. Again, in the deeper water, ice 

scouring creates sufficient habitat disturbance to account for the pauci

ty of observed infauna. Below the 2-m contour in the bays and lagoons, 

however, large standing stocks of invertebrates - amphipods, mysids and 

isopods. - are common and estimates by the LGS-Barrier Island Study (RU 

467) personnel place the biomass at approximately 20 g/m2 dry· weight in 

Simpson Lagoon. These invertebrates are commonly found in close asso

ciation with eroded organic material from the shoreline and studies by 

Broad (RU 356) have shown that certain gammarid amphipods and saduria 

do ingest and degrade the peat. This ingestion is probably accompanied 

by the removal and digestion of heterotrophic microflora and microfauna 

that are attached to the peat particles. Although it is known that the 

detrital material is ingested and that large number of invertebrates are 

associated with the organic material, as yet no conclusive evidence has 

been found indicating that the peat carbon is being assimilated either 
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directly or indirectly 'by invertebrates or is being carried up the food 

chain to higher organisms such as fish or birds. Techniques by which 

we are currently investigating trophic dynamics are included in Section 

VII of this proposai. 

Estimation of erosional input of nitrogen to Simpson Lagoon was 

first attempted by Schell (1975) using data obtained by Lewellen (1973). 

Coastal erosion rates were determined through the use of coastline aerial 

photography made in 1955 and again in.l972. Coastline retreat was uti

lized with field data on average shoreline relief and soil types to 

calculate total organic matter and nitrogen being eroded on an annual 

basis. This technique has been expanded by Rawlinson (RU 530) and the 

results are shown in Figure lA which gives the relative .carbon inputs to 

Simpson Lagoon. Approximately 80% of the carbon input to the lagoon 

system is from terrestrial runoff and 75% is derived from peat eroded 

from the shorelines. This material, which has an average.c:N atom ratio 

of about 18.8 also represents an input of approximately 730 metric tons 

of fixed nitrogen to the lagoon system. 

Whe~ extending these calculations to include the entire Alaskan 

Beaufort Sea coast, a mean erosional rate of 1.75 m/year and a coastal 

relief of 1.5 m was assumed, of which· 1.0 m was peat materials. From 

the data available on the Elson Lagoon coastline near Barrow, and the 

Simpson Lagoon area, the estimates are felt to be about representative. 

The carbon budget for the nearshore zone as a whole is shown in Figure lB. 

As in Simpson Lagoon, over 75% of the carbon input is from terrigenous 

material with 22% derived from marine primary production. Coastline 

erosion is responsible for approximately half of the total carbon input. 
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ENERGY SOURCES 
FOR 

SIMPSON LAGOON- BARRIER ISLAND ECOSYSTEM 

MARINE PHOTOSYNTHESIS TERRESTRIAL INPUT 

ICE ALGAE RIVER INPUT 

2.g C/mz- yr 
Kuporuk and Colville 
[100%) (<5%) 

2.x105kg C (0.33 S.L.) 5.6x105 kg C/yr 

PHYTOPLANKTON ERODED P.EAT 

10-20qC/m2-yr 75 x J03 m3!yr 

20-40xl05kg C (0.66 S.L.) 117x105 kg C 

Lt HERBIVORE- ~ 
20% 

. OETRITIVORE 
80% 

60x105kll 

; ·~ 

BURIAL LOSS TO SEDIMENTS AND TRANSPORT OUT 

BEAUFORT SEA COASTAL ZONE 
ENERGY INPUT 

108 kg C/ year 
PRIMARY PRODUCTION 

TERRESTRIAL. RUNOFF- 2.3. 

COASTLINE 

EROSION-4.6 

(coastline out to 10m depth 
zlOkm} 

Benthic 0.04 

Ice algae 0.22 

Pelagic 

¢ 
1.74 
2.0 

TOTAL ANNUAL INPUT- 8.9 

Figure lB. Carbon sources of the nearshore Alaskan Beaufort Sea. 
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Accompanying this approximately 4.5 x 106 tons of carbon is an estimated 

2.1 x 104 tons of nitrogen which, after mineralization by heterotrophic 

oxidation of the carbon, should supply a large fraction of the nitrogen 

requirements of the nearshore primary producers. The refinement of 

these estimates of input quantities and nitrogen content will be a major 

concern during 1979. 

Phosphorus Uptake and Recycling 

Although Schell (1975) has shown the nearshore Beaufort Sea to be 

apparently nitrogen limited, the high input of organic material in the 

estuarine zone with the consequent potential for heterotrophic activity 

has given evidence of a reversal of the typical offshore conditions in 

the shallow bays and lagoons next to eroding shorelines. Figure 2 shows 

the nitrogen/phosphorus ratios present in the water beneath the ice in 

Dease Inlet during April 1973 (Schell, 1975). The water column through

out the inlet and up the delta channels of the Meade River was saline as 

all freshwater inflow ceases by late fall. A pronounced phosphate de

pletion is apparent as the stations progress toward the head of the inlet 

without a corresponding depletion in nitrogen. The author believes that 

this phosphate consumption is due to intense heterotrophic activity in 

the detritus and since thermohaline convective processes are active 

throughout the winter, the eroded terrestrial material must act as sink 

for phosphorus. The fate of this phosphorus is unknown. If incorpora

tion into the sediments does not occur, then at some period of the year, 

as yet unknown: regeneration and transport outward must be active. 

Dr. Edward Brown of the Institute of Water Resources is collaborat

ing with this part of the study and would continue to assist in the 
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Figure 2. Dease Inlet nitrogen/phosphorus atom ratios in under-ice water, 
April 1973. Saline waters had intruded to the head of the 
~eade River delta (lower left) (from Schell, 1975). 
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phosphorus uptake and recycling studies. Through the use of carrier 

free radiolabeled phosphate it will be possible to follow the movement 

of phosphorus from the water column into the particulate phase and to 

quantitate the rates of transfer. Through the use of a combination of 

in situ and laboratory experiments in controlled environments, it 

should be possible to relate. the pronounced changes ob~erved in the 

natural system to the inte.ractions of thermally. convec.ted offsh~re 

water with the detrital organic material. This information can then 

be utilized in assessing potential OCS impacts which would alter the 

nearshore circulationregimes or the input of terrestrial material to 

the coastal marine environment. 

Winter Sampling' 

To acquire the necessary data oq salinities and standing stocks 

of inorganic nutrients beneath the winter ice cover it is planned to 

conduct ·two winter sampling trips. The basic salinity-nutrient data 

will be collected in November by helicopter flights into the Harrison 

Bay-Simpson Lagoon area. Ice cores and water samples will be taken and 

analysed to acquire nitrogen, phosphorus and salinity budgets for the 

water column at that time. In April, the stations will be repeated to 

enable calculation of the extent of thermohaline convective exchange 

and changes between compartments of the inorganic nitrogen pools. Due 

to the severe weather prevailing ·during this period, all sampling will 

be designed for minimum time requirements on the ice. Furthermore, all 

efforts will be coordinated with LGL personnel and other OCS investiga

tors seeking winter sampling opportunities. 
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VII. SAMPLING METHODS 

Nutrient Chemistry and Ice Algae Production 

The sampl~ng program for ice algal production and spatial distribu

tion occurs during ,the spring months and involves sampling the ice-water 

interface before and after the ice algae bloom. The first sampling 

period is during earl,Y April_and yields the water chemistry data repre

senting the maximum nutrient concentrations. and salinities of the annual 

cycle. Ice cores and water samples are taken as logistics and weather 

allow. Samples. are filt~red and analyzed for inorganic nutrients and 

particulate nitrogen to yield a total nitrogen budget for the water 

column. Sample locations are located to give spatial data yielding den

sities and distribution of ice algae. Stations occupied to date have 

corroborated the contention that logistic restraints prevent site spe

cificity in listing times and quantities of samples. The April 1978 

sampling trip fortu::\.tously occurred in ideal flying weather and all 

desired stations were occupied and the coverage extended beyond the 

original bounds. In May, however, whiteout conditions prevailed for 

several days and severely restricted flying over the ice. Approximate

ly 70% of the desired stations were occupied although these had been 

prioritized and thus the essential sampling was completed. Projecting 

to Spring 1979, it is envisioned that the Simpson Lagoon-Harrison Bay 

area will be sampled on two occasions - April, prior to algal growth 

and late May during maximum ice production. On station, ice 

cores will be collected in duplicate or triplicate if deemed necessary 

due to heterogeneities in the ice column. Water samples will be col

lected from beneath the ice and at intervals in the water column when 

deep enough (>3 m) to warrant. 
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Stations will be selected from within the lagoon, outside the· bar-

rier islands and westward into Harrison Bay in the same locations as 

occupied this spring. Other stations will be included if flying condi-

tions permit. To allow a much faster and more sensitive means of chlo-

rophyll determination, we are requesting ·the purchase of a Turner 

Design Fluorometer in this proposal. This will allow rapid estimation 

of in vivo chlorophyll and via the simple expedience of collecting 

water samples and running them in the field ·or at base camp, a much 

more detailed description. of phytoplankton distribution and .fee algae 

densities will be possible. Although other Turner Design Fluorometers 

have been purchased on other OCS projects within the University of 

Alaska, the high demand on these instruments necessitates the purchase 

of this instrument for dedication to arctic work. 

VIII. ANALYTICAL METHODS 

Analytical methods employed for·nitrate, ammonia and phosphate 

analyses are similar to those -utilized by Alexander et at. (1974)·for 

their ice algae studies. Dissolved organic nitrogen.was run using the 

ultraviolet photooxidation technique employed by Schell (1974). Parti-

culate nitrogen analyses were run on glass fiber filters containing 

aliquots of the melted ice cores or underlying water. The filtered 

samples were burned and the evolved nitrogen gas measured using a 

Coleman Nitrogen Analyzer. 

By establishing detailed nitrogen budgets for the water column and 

ice column before and after the epontic algal bloom it is possible to 

determine two important facets of the nearshore productivity regime. 

526 



First, the total standing stocks of ice algae (and assimilated nitrogen) 

can be quantitatively described for the nearshore zone and the validity 

of extrapolating primary production measurements obtained by Clasby et 

aZ. (1976) at Point Barrow to include other areas of the Beaufort Sea 

coast can be determined. Second, by establishing budgets of nitrogen 

in the dissolved and particulate phase, the importance of thermohaline 

convective flow as a nutrient input in the nearshore zone can be esti-

mated. 

Utilization of Detrital Carbon and Transfer of Detrital Carbon 
in the Food Web 

The magnitude of carbon input to the nearshore zone of Simpson Lagoon 

(Fig. 1) required that the effects of this energy source be evaluated in 

respect to the inputs of primary production. Detrital input occurs through 

essentially two sources - coastal erosion and runoff from the tundra. Thus 

assessment of these inputs becomes a geomorphological problem for the 

former source and a hydrological problem for the second. Chemical data on 

the eroded tundra have been previously obtained by Schell (1975) and new 

erosional data are being determined by Cannon and Rawlinson (RU 530). 

Total organic carbon data for the Colville River waters have been kindly 

provided by the US Geological Survey (Charles Sloan, personal communication) 

and flow data are available from the literature (Amberg et aZ., 1967; 

Walker, 1974). Nitrogen data has been collected by Schell (RU 537) and 

will be incorporated with the above to yield quantitative inputs of nitro-

gen and carbon by the Colville River to the nearshore zone. 

The utilization of detrital organic carbon by heterotrophs and the 

further transfer of this carbon into the food web is being investigated 
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through the use of carbon isotope ratios in the various coastal marine 

living and non-living organic materials. Figure 3A shows the three 

fractions that would comprise the organic carbon of a detritivore or 

the predators of detritivores. The analytical techniques used to iden

tify these fractions are shown in Figure 3B. If the carbon in the 

eroded peat materials of the shoreline is incorporated to a significant 

extent in the food web of heterotrophic microorganisms and these are 

then consumed and assimilated by benthic invertebrates such as amphip:ods, 

isopods and mysid shrimp, the isotopic abundances in the higher orga~isms 

should generally reflect the food source. Some species of these benthic 

invertebrates are known to comprise a large fraction ·of the diets of 

higher organisms found in the coastal Beaufort Sea and thus the potential 

exists for detrital carbon to constitute a large fraction of the·energy 

supply to the ecosystem. 

Radiocarbon dating is being used to delineate the· fraction of peat 

carbon in the organisms. Eroded peat in Simpson Lagoon has a mean radio

carbon age of about 4000-5000 years B:P. if the radiocarbon dates given 

by Lewellen (1973) are representative of the basal peat layer in the 

Simpson Lagoon area. It is assumed that the peat has been accumulating 

at a constant rate to present. As yet no age has been obtained for carbon 

transported by the Colville River but the surficial nature of runoff in a 

permafrost environment such as the North Slope would suggest a modern date 

somewhat tempered by peat addition via riverbank erosion and collapse. 

Stable isotope techniques allow the discrimination of food sources in 

ecosystems where the source materials (primary producers) have signifi

cantly different 12c/13c ratios. By comparing 12c/13 c ratios of organisms 
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Figure 3A. Fractionation of carbon·in nearshore Beaufort Sea fauna and characteristics of carbon 
isotopes from each source. 
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Figure 3B. Techniques for quantitation of carbon input sources shown in Figure 2A. 



at different trophic levels the food sources of the higher organisms can 

be apportioned. This technique has been used by McConnaughey (1978) to 

study the detrital input of.eelgrass beds in Izembek Lagoon to the fauna 

of the lagoon and nearshore Bering Sea. Application of this technique 

is shown in Figure 3B and will be investigated as a method to separate 

terrestrial and marine contributions to the nearshore fauna. Although 

the method is acknowledged to .be less sensitive than 14c dating, the 

applicability to modern carbon sources increases its desirability. 

Analytical cost is low compared to l4c dating. 

The radiocarbon and l3c. analyses will be performed by private 

' laboratories specializing in this service. Modern standards related to 

the NBS Oxalic Acid are used and dates will be corrected for fractiona-

tion by using 1 2cJ1 3c ratios determined on the same sample. 

Phosphate Uptake and Regeneration Studies 

Movement and incorporation of phosphate into the detritus pool and 

subsequent partitioning·will be measured with the use of carrier free 

32p radiolabeled phosphate. The.high specific activity and low cost of 

this label will allow field and laboratory studies to be conducted on the 

interactions of the eroded peat materials and the relatively phosphate 

rich seawater. Aliquots of the various inorganic and organic fractions 

will be taken at intervals during the experiments and counted using 

routine liquid scintillation techniques. The reapportionment of the 

radiolabel from the inorganic seawater solution into the particulate 

fraction, when coupled with simultaneous colorimetric determination of 

total pool size, will offer a quantitative measure of phosphorus uptake 

by meiofauna and microflora associated with the detrital matter. 
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Chlorophyll Determinations 

Although originally it was hoped that quantitation and calibration 

of ice algae recoverv in coring would be ~ccomplished by divers, this 

was not feasible this spring. The large ,quantities of detrital material 

incorporated in the ice structure so severely attenuated the light 

penetrating the ice that no ice algae were present on the underside of 

the ice where the diving hole had been cut for current meter installation 

by other investigators. Therefore, losses of algae during coring opera-

tions will be approximated by using data regarding this technique obtained 

by Matheke and Horner (1974) at Point Barrow. Chlorophyll determinations 

are made using the procedures of Strickland and Parsons (1972) 'adapted to 

the Turner Design Fluorometer. The extreme sensitivity of this instrument 

allows a smaller sample size and thus improved ease and coverage in the 

field. Cross calibration with spectrophotometric methods allows quanti-

tation of chlorophyll measurements in the presence of phacopigments. 

IX. DELIVERABLE PRODUCTS 

All data forthcoming from this study will be submitted to OCSEAP data 

management group in the accepted format. Efforts will be made to consoli-

date all published and unpublished data available in a manner best suited 

for coastal management purposes. These data will include digital products. 

See also Data Products Schedule. 

Nutrient concentrations - nitrate + nitrite -N, ammonia, phosphate, 
dissolved organic nitrogen 

Particulate material - particulate nitrogen 

Salinities - water samples and ice core samples 

Pigment concentrations - chlorophyll data 
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DIGITAL DATA PRODUCTS SCHEDULE 

~::a :ry,a Hcclic. Esti':natcd Processing und 
i.e. Int2rtidel, (Cc.rds, cod- Volu:ne OCSEAP Formn.ting done Collection 
'!)nr~.r,.. -·· .... , .... _ Orge.nir:=::s, ing sheets, (Volume of Formo.t: by Proj ec.t Period S~.:bnissic 

~<:.) tD.peg, disks) processed data) (If known) (Yes or No) (Honth/Ycar to Nonth/Year) (Hon::h/Ye 

Pri~ry Productivity Tapes 029 Yes 11/78 3/79 

II II II II " 3/79 - 4/79 9/79 

It II If " " 5/79. 9/79 

,, ,·, " " 7/79 - 8/79 12/79 
II 



File Type 029 - Primary Productivity 

Common to all records 
V"'F'ile Type 
~File Identifier 
Y"Record T}rpes 
~Station Number (Records Types 1, 3 and 4) 

Record Type 1 0 1 
- Header 

~esse! Name - Cruise Number 
..,..Cruise Dates 
~enior Scientist/Investigator/Institution 

Record Type 1 1 1 -Master 
~eographic Position 
vf>ate/Time 
~ater Depth 
~hlorophyll a - Integrated 

Phaeopigment"S - 11 

Carbon Assimilation - 11 

One Percent Light Depth 
Phospate Po4- P Reactive Time 
pH Scale & pH Correct.ions (codes) 
Secchi Depth 
Mixed Layer Depth 
Light Level (Platform) 

Record Type '3' - Detail 
~Depth of Sample 
~hlorophyll ~ Concentration 
lo"""'f'haeopigment - 11 

Carbon ASsimilation 11 

Elapsed Time of Incubation 
V"'Oxygel} 
~Phosphate-~04-P (Inorganic) 
...,-Ammonia - NH -N 
('Nitrate":"N03-~ 

II' {.Nitrate-NO -N 
Silicate-sto

3
-si 

PH 
Total Alkalinity 

~Temperature and Salinity 
Sequence Number 

Record Type '4' -Text 
Text 
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A. Narrative reports: 

None anticipated other than Quarterly and Annual Reports.·. 

B. Visual data: 

Nutrient data and ice algae density will be presented on maps 

where sufficient sampling density allows. 

C. Other non-digital data: 

None anticipated 

X. QUALITY ASSURANCE 

The Institute of Water Resources .and the Institute of Marine Science 

employ well standardized and calibrated analytical equipment for routine 

nutrient and pigment analyses. Internal standards will be used to insure 

no deviation from normal processing has occurred in samples acquired in 

OCSEAP programs. Field replication of samples will ascertain precision 

in sampling methods. All analytical procedures. ·used are in routine use 

and have been summarized above. Specific nutrient analysis .procedures 

are from Strickland and Parsons, 1972. Field handling of samples, includ-

ing the maintenance of frozen samples will be accomplished t.hrough close 

coordination with LGL logistic support programs. The airlines servicing 

Prudhoe Bay offer "Keep Frozen" capabilities and these have been success-

fully employ~d to date. 

·Processing and analysis techniques used.in developing output products 

are completely integrated and structured within the framework of the LGL 

data management program. LGL Limited maintains oversight and responsibi-

lity for data product development through its workshop program. 
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XI. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS 

No special.sample,or voucher specimen archival plans apply to this 

project. 

XII. LOGISTICS REQUIREMENTS 

See attached forms. 

XIII. ANTICIPATED PROBLEMS 

Within the framework of sampling and analytical chemistry, no major 

problems are anticipated. Logistic considerations are all-important, 

however, in establishing the spatial and temporal framework of the water 

and ice sampling program. Persistent fog and ·overcast can curt~lil ice 

sampling and heavy weather precludes small boat operations. A degree of 

flexibility will be maintained to allow an opportunistic approach toward 

sample station locations and density. 

XIV. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

This project is an integrated part of the l.GL-Barrier Island study 

group and as such will interact continuously in data exchange and redirect 

to address the requirements of overall program needs. The trophic system 

studies will require information from LGL on the food preferences of dif

ferent higher organisms and information on erosion rates from Dr. J. 

Cannon (RU 530). This research unit_will provide nutrient data and primary 

productivity information to other researchers and to modeling efforts at 

the LGL workshops. 
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XV, DATA MANAGEMENT· PLAN 

Overall management of logistics and field operations. will be the · 

responsibility of the LGL Limited staff. The principal investigator of 

this project will be responsible for the field research program described 

above. Dr. Schell will be responsible for the nutrient, 'piginent, and 

14C-primary productivity analyses and data reduction. LGL Limited ·will 

be responsible for data synthesis and incorporation of information into 

the final report. 

XVL OUTLOOK 

The conclusion of field work and data analysis in 1980 should have 

provided enough survey dCJ.ta to,.allow a reasonable prediction of OCS 

impacts .regardi~g. possible perturbations of the physical-chemical nature 

in the Be.aufort Sea lease ·area. As yet, however, it is impossible to 

predict the outcome of the carbon isotope studies and the implications 

that may arise regarding the movement of detrital carbon in this eco-

system. These data plus .information on process studies regarding phos-

phorus and nitrogen ·cycling in .the immediate nearshore zone can be 

projected to assume more importance in future efforts. Objectives for 

.a FY 1980 proposal would lead to results describing: 

L 

2. 

3. 

Carbon transfer mechanisms in higher organisms based upon 
isotopic distributions determined in FY 1979. 

Refinement of terrestrial input of carbon from North Slope 
rivers. Current effort is based primarily upon er·osional 
inputs (RU 530) and these will need to be extended to include 
water tr.ansported detritus. 

Extend nitrogen and phosphate budgets in the nearshore to 
include the entire coastline in order to overcome limitations 
currently imposed by the strong lateral transport of water 
along the shore. 
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The above tasks should complete the basis for establishing the lower 

trophic level dynamics in the Beaufort Sea. The extent of the research 

is envisioned at approximately the same magnitude as current operations 

and the overall budget would be approximately $65,000. Logistic require-

ments would increase somewhat to reflect sampling drainages east and west 

of Simpson Lagoon. 

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

4. See Section XV of this proposal. The University of Alaska· 
agrees that the Principal Investigator can travel to the 
Project Office at least twice during the contract year, pro
vided that such travel is in accordance 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 and NOAA/OCS in the negotiating of the Data Man
agement Plan 

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 Man
ager 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 of other 
laboratory procedure." 

7. Within 10 days of the completion of a cruise or data gather
ing effort a ROSCOP data collection inventory form (NOAA 24-23) 
will be submitted to the. Project Data Manager by the Chief 
Scientist. 
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8. This is in accordance with 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 NOAA, Department of Cornrne;rce 
through the Outer Continental Shelf Environmental Assessment 
Program to, which funds were provided by the Bureau of Land 
Management, Department of Interior." 
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B. AIRCRAFT SUPPORT - FIXED WING 

1~ Delineate proposed flight lines on a chart of the area. Indicate designed 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·.) 

Charter flights from Deadhorse to Milne Point. 

2. Describe types of observations to be' made. 

N/A 

3. What is the optimum time chronology of observations on a seasm.i.al. basis and what 
is the maximum allowable departure from these optimum times? (Key to chart 
prepared under Item 1 \vhen necessary fo'r clarification.) 

At intervals during summer field season 

4. How many days of flight operations are required and how many flight hours per day? 
Total flight hours? 

6 total, 2 per day 

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

Could piggyback 

6. t~at types of special equipment are required for the aircraft (non carry-on)? 
What are-the weights, dimensions, ·power requirements, and installation· 
problems unique to the specific equipment. 

Approximately 700 pounds miscellaneous scientific equipment 

7. What are the weights, dimensi<;ms and power requirements of carry-on equipment? 

N/A 

8. What type of aircraft is best suited for the purpose? 

Single engine bush aircraft 

9. Do you recommend a source for the aircraft? 
If "yes", please name the source and the reason for your recommendation. 

No 

10. H'hat is the per hour charter cost of the aircraft? 

Not available 

' t 

11. Hm.; many people are required on ~oard for each flight (exclusive of flight crew)? 

2 

12. w'here do you recommend that flights be staged from? 

Deadhorse 
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C AIRCRAFT 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 submission is not necessary but 
origin and destination points should be listed). 

Simpson Lagoon - Harrison Bay - Deadhorse 

2. Describe types. of observations to be made. 

Ice and water sampling 

3. ·What is the optimum time chronology of observations on a seasonal basis and what 
is the maximum allowable departure from these optimum times? 

April 1 ~ 10 days; May 25 ~ 5 days; November 10 ~ 5 days 

4. How many days of helicopter operations are required and how many flight hours 
per day? 

Total flight hours? 

20 hours @ 5/day 

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

two 

6. What are the weights and dimensions of equipment or supplies to be transported? 

Approximately 400 pounds scientific equipment 

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

·Bell 206 - has worked well in the past 

8. Do you recommend a particular source for the helicopter? If "yes", please name 
the source and the reason for your recommendation. 

ERA Helicopters - Deadhorse. Good service in the past. 

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

Approximately $400.00 

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

Dead horse 

11. Will special navigation and communications be required? 

No 
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D. QUARTERS AND SUBSISTENCE .SUPPORT 

1. What are your requirements for quarters and subsistence in the field area? 
(These requirements should be broken down by (a) location, (b) calendar period, 
(c) number of personnel per day and total man days per period). 

Deadhorse - April, May, November - approximately 2-5 days each period for two people 

Milne Point - June, July, August - approximately 20 man-days total - two people in 
camp each period for 3-4 days 

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

No. - Assume facilities similar to past Prudhoe Bay camp. 

3. What is your estimated per man day cost for this support at each location? 
Not available. 

How did you derive this figure, i.e., ·what portion represents quarters and what 
portion represents subsistence and is the figure based on established commercial 
rates at the location or on estimated costs to establish and maintain a field 
camp? 

E. SPECIAL LOGISTICS PROBLEMS 

1. What special logistics problems do you anticipate under your proposal and how 
do you propose that the problems be solved? (Provide cost estimates and indicate 
whether you propose handling the problems yourself or whether you must depend on 
NOAA to solve them for you). 

Winter sampling (November) will be difficult due to poor daylight and severe 
weather conditions. We plan on using helicopter support - probably from ERA, 
Deadhorse. We anticipate handling requirements through LGL Limited. Poor 
flying weather will be a problem during other seasons but less so than winter. 
Waiting on weather could conceivably increase time and costs of field trips 
by 2-3 fold. 

542 



MILESTONE CHART 
0 - Planned Completion Date 
X - Actual Completion Date 

R.U, # __ ~35~7--------------------
Donald M. Schell P.I. ________________________ __ 

Major Milestones: Reporting, data management and other significant contractual 
requirements; per~ods of field work; workshops; etc. 

MAJOR MILESTONES 1978 
0 N FD J F M A 

Quarterly reports ( 0 

Date submission 0 0 0 

Winter field·work 0 

Spring ice coring (field) 

Open water sampling 

Modeling and integration workshop 0 0 0 

Completion of analvtical work 

Final report 

1979 
M J J A s 

0 0 

0 0 

0 

0-- 0 

0 

0 N D 
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I. BACKGROUND 
This proposal is in response to the meeting of OCSEAP personnel and 

OCS principal investigators on 31 July 1978 in which the desirability 
and necessity of winter work in the Beaufort Sea was discussed. 

Research Unit 537 has been investigating trophic system dynamics in 
the nearshore Beaufort Sea. Primary production by ice algae and phyto-
p 1 ankton has been measured and is currently being compared with the 
magnitude of secondary production derived from detrital food webs, re
sulting from the large inputs of terrestrial organic matter in the 
nearshore zone. Critical data. toward understanding these systems are 
nutrient concentrations (i.e., ammonia, nitrate and phosphate) occurring 
beneath the winter ice cover when photosynthetic processes are negligible. 

Observations to date seem to indicate that most nutrient regeneration 
processes occur in the autumn and continue throughout the winter, in 
spite of the low under-ice temperatures. The regenerated nutrients, 
however, are subject to transport out of the coastal zone by the thermo
haline convective processes that result from· the accretion of winter ice 
cover. To understand the nutrient cycles of the nearshore Beaufort Sea, 
it is essential that the relationship of nutrient regeneration processes 
to thermohaline convection be studied simultaneously. This research 
unit has kept this perspective since beginning this study. Since this 
study began approximately 18 months behind the work of R. U. 467, no 
fall or early winter field work has been accomplished yet. To date, due 
to funding constraints and the need for spring and summer sample collection, 
winter field work has been necessarily given low priority. This pro-
posal addresses this information gap and is applicable to the specific 
area selected for leasing. 

Applicability to BLM-OCS data requirements. 
This study will seek to answer basic questions regarding the winter 

regime in the nearshore marine environment. For example, if drilling 
mud suspensions, sanitary waste effluents, or other aqueous pollutants 
were discharged beneath the ice, are there possible dispersion mechanisms 
which, depending on the density of the effluent, would carry the plume 
onshore or offshore? Is there evidence of sufficient microbial activity 
to present problems with excessive biologicJl oxygen demand beneath the 
ice, if effluents with high organic loading were discharged? Are under-
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ice circulation patterns the controlling mechanisms of nutrient con
centrations, and hence primary production in the spring? How would the 
nutrient regime be affected in the lease area if a lagoon entrance were 
restricted by causeway construction? This study does not propose 
definitive answers to these q~estions bu~ seeks data necessary for 
intelligent evaluation of t~e environmental risks involved. 

I I. OBJECTIVES 
The overall objective of this proposal is to study .the nutrient 

regeneration processes of the nearshore Beaufort Sea, and their re
lationship to the thermohaline convection of under-ice water resulting 
from salt exclusion during ice formation. Specifically, I propose to 
address the following objectives: 
(1) Extend the areal survey of ice algae standing stocks to the specific 
areas included in the pro~ected Beaufort Sea lease sale. 
(2) Determine spatial and temporal variation in under-ice water salinities 
during winter and apply this data, to estimating circulation. 
{3) r~easure under-ice nutrient .regeneration rates through the use of 
isotopic tracer techniques. 
(4) Measure seasonal variation in under-ice nutrient concentrations 
to determine the periods of most intense nutrient regeneration. 

III. GENERAL STRATEGY AND APPROACH 
The sampling techniques employed have been described in proposal 

OCS 79-3 and will only be summarized herein. The work will consist of 
two phases: spatial survey of nutrient-salinity relationships to ice 
algae standing stocks will rely upon helicopter sampling of several 
sites within the lagoon and outside of the barrier islands off Prudhoe 
Bay and Foggy Island Bay; and process studies measuring ammonia re
generation rates in under-ice waters. The latter will utilize N-15 
isotope dilution techniques with incubation in situ at the location, 
where a heated hut will be deployed. This location has not been estab
lished as yet, although the 11 boulder patch" south of Narwhal Island is 
the likely choice. 

Estimation of water circulation can be made after two (or more) 
sampling trips have been accomplished during periods of rapid ice 
formation. Planimetry of bottom contours at depths corresponding to ice 
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thickness will allow estimation of ice volumes formed and from measured 
ice core salinities,· the salt excluded into the water column. Measured 
water salinities can then be compared to calculated salinities and the 
required water-exchange rates estimated: ·From these estimates, the 
transpor·t rates of nutrients offshore can·be determined: tile production 

. rates of ammonia and nitrate, from the heterotrophic :consumpti'on of 
organic material followed by nitrification, will be estimated by the 
incubation experiments. These data ·wi 11 be incorporated into the water
exchange estimates to determine net nutrient removal or addition to the 
nearshore zone. The current-salinity data obtained by' Matthews (R.U. 
526} will be of value to this study for corroboration of transport 
efficiencies across the very shallow bays and lagoons. · 

This study does not propose to conduct in situ ice algae primary 
production measurements. The extremely high cost in personnel time and 
logistics is not felt to be as va1uable, ·at this stage of the environmental 
assessment, as a determination of spatial variation in ice algae stocks. 
The great spatial variability on a relatively small scale that has 
become evident to this investigator ove·r the past ·years .. requ'ires that . 
the areal coverage receive the primary emphasis of the study. However, . . 

if opportunities arise in conjunction with other work at the Stefansson 
Sound intensive· study site, in situ primary production measurements will 
be undertaken. Such data would be useful in expanding the literature 
data base by which standing stocks are used to estimate seasonal pro
duction." 
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To: Juneau Project Office 
Proposal/Revision Date: . 15 June 1978 

Contract#: 03-5-022-67, TO 14 

NOAA Project 1/: --------
Institution IOU: _....,... ____ _ 
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Research Unit Number _.:::..54..~...:1---'---:--

TITLE: Norton SoundfChukchi Sea Oceanographic Processes 

Cost of Proposal: $.50,000 Lease Areas Chukchi Sea --=2=5_....:% 

(If joint Proposal., show cost ttorton Sound 
for each institution; if more 

_-~..7.x..S_....:% 

than one fiscal year, show . 
cost for each year - SEPARATE BUDGET SHEETS ALSO REQUIRED) 
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{If proposal is for other than this period, please explain) 

------------------------------------------------------------------------------------------
PRINCIPAL INVESTIGATOR(S): 

~;:~ature ---+~~
1 
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Signature------------
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Signature--------------
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Telephone Number ----------
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3. Technical Proposal 

I. Title: Norton Sound/Chukchi Sea Oceanographic Processes 
Research Unit Number: 541 
Contract Number: 03-5-022-67, .TO 14 
Proposed Dates of Contract:_ . 1 October 1978 - 30 September 1979 . 

II. Principal Investigators: 
L K. Coachman 
K. Aagaard 
T. H. Kinder 

III. Cost·of Proposal for Federal Fiscal Year: 
A. Science $50,000 
B. PI-provided logi~tics ~o-
c. Tota 1 $50,000 · 
D. Distribution of effort: 

IV. Background 

Chukchi Sea: 25% 
Norton Sound: 7~% 

Since 1976 ~e have ·been using CTD (conductivity-temperature-~epth · · 
profiling systems) surveys and moored instruments to study the region around 
Bering Strait: the northern Bering Sea, including Norton Sound and the· southern 
Chukchi Sea, including Kotzebue Sound. With the field 0ork ending:tn FY 78, 
we can now finish data reduction and submission .. 

Because of the massive sampling.program,·data analysts haS thus far 
lagged data collection, and the synthesis of the data into scientific reports 
has lagged further (see list of contributions, below). During FY •79 We'will· 
complete reduction and submission of all data, and continue analysis of these 
data. Because ~f the amount of data and the level of funding, however~ synthesis 
into scientific reports will be delayed. · 
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list of Contributions: 

1. Muench, R. D., R. L. Charnell, J.D. Cli.rie and L. K. Coachman, 1978. 
Oceanography of Norton Sound, Alaska: September-October 1976. Sub
mitted to Journal of Geophysical ReseCU'ch. 

2. Kinder, T, H., J. D. Schumacher, R. B. Tripp and D. Pashinski, 1977. 
The Physical Oceanography of Kotzebue Sound,. Alaska .• d11_r:-ing late summer, 
1976. University of Washington, Department of Oceanography Technical 
Report, Ref.: t~77-99. 84 pp. 

· 3. Muench, R. D., C. Pearson, and R., B. Tripp,··:l978. Winter Currents in 
the Northern Bering Sea and Bering Strait. Talk given at April 1978 
AGU meeting, abstract in EOS 59(4):304. . 

V. Objectives 

Specific objectives are: 

1. To submit all data that has been ~ollecte~; 

2. To refurbish all tnstruments as necessary; 
J. io elucidate the temporai and spatial variability of the pre

dominantly northward flow; . 

4. To elucidate the circulation· and.hydrography within Norton and 
Kotzebue sounds, 

5. To provide data for modeling (RU ·435, Leendertse). 
. . .,. 

Attaining these objectives wi 11 increase understanding of the regional 
physical oceanography. This will contribute to predicting pollutant trajectories 
and to understanding the ecosystem. · 

VI; Strategy. and ,Approach 

A. Sampling method~ N/A 

B. Analytical method, N/A 

VII. Deliverable Products 

A. Digital Data 
. . ' 

l. Data wi 11 be submitted in formats 022,017 •.. or· 015. 

2. Lirni ts: 
temperature: 
salinity: 
pressure: 
speed: 
direction: 

-2°C to +20°C 
0 g/kg to 40 g/kg 
0 db to 1600 db 
b cm/s to 300 an/s 
oooo to 360° 

3. Verification. All data a~e examined either as a printout or 
as ·a plot, prior to filtering. · 
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B. Narrative Reports. He believe that we have sufficient data in 
hand to produce reports on the variability of the fl~v through 
Bering Strait, and to elucidate further the oceanography of Kotzebue 
Sound (both in cooperation with RU 550, PHEL). Because of the 
necessary emphasis on data reduction and submission (in large part 
to service another research unit), however, we forecast that we 
will only do preliminary work on these in FY 79. Quarterly and 
annual reports wi 11 describe progress and preliminary results. 

C. Visual Data. N/A. All our data are submi-tted in digital format. 
Reports will be illustrated by the most effective figures, as 
before. 

D. Other, none. 

E. See attached data products schedule. 

VIIi.Special sample and voucher specimen archival plans: N/A. 

IX. Logistics Requirements: None. 

X. Anticipated Problems: None. 

XI. Information required from other investigators: 

We \>Jill ·continue cooperating with RU 289 (Royer) and RU 550 
(Schumacher, t1uench, and Charnell). · · 

XII. See attached milestone chart. 

XII I. Out look 

Assuming that data processing and analysis proceeds smoothly through 
FY 79, two or three reports of scientific merit should emerge in FY 80. There 
will be sufficient data for a useful description and some explanation of the 
variability of flow through Bering Strait, an important influence on the Arctic 
Ocean. Muench et al. (see contributions, above) have begun to o~tlihe this 
problem. These also seems to be sufficient data to supplement and extend the 
report of Kinder et al. on Kotzebue Sound, including winter data gathered by 
Aagaard. ~Je anticipate. that more detailed and concrete plans for these reports 
will emerge in FY 79. We also have several ideas that are preliminary: the 
oceanographic connection beb1een the northern and southern Bering seas, the 
northward extension of the structural front, wind and current interaction along 
the ice edge, etc. All these require extensive data analysis, and comparison 
to existing meteorological data. Because of the emphasis on data reduction and 
the limited funding in FY 79, we anticipate that the first two reports may evolve 
in FY 80, and one or more of the preliminary ideas probably \'/ill come to fruition 
in late FY 80. This assumes continued funding of about $50,000 in FY 80, but 
this money ~1ill be spent on the scientific problems, and not on data processing. 

A. Results. Tv10-three scientific reports (in addition to quarterly 
and annual reports). 

B. f1ilestones: One-two reports in early FY 80, one-two reports in 
late FY 80. A fruitful synthesis of the regional physical ocean
ography could begin in late FY 80. 
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C. Cost. $50,000 per annum 

D. None. 

E. Field Efforts. None planned; a small field effort may be useful 
to test hypotheses, but this cannot be predicted. 

F. logistics: None: 

XIV. Standard Statement 

A. Updated milestone charts will be submitted quarterly. A schedule for 
processing and analysis of past year's data will be submitted to the 
Project Office upon request. 

B. 

c. 

D. 

Quarterly reports will be submitted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the first day of 
January, July, and October. Annual Reports are due by April 1. The 
Final Report will be submitbed within 90 days of the expiration of the 
contract. 

\fuere biota are concerned, all species and higher categories \o~ill be 
represented'·by 'the voucher specimens that· will be preserved·, labeled, 
held, and shipped to an official OCSEAP designated repository in 
conformity with OCSEAP voucher specimen policy. Vouchering \vill in
clude life history stages (e.g., larvae, juveniles, adoits) when these 
are studied, and sexes where these are morphologically distj.ngulshable, 

At the option of OCSEAP, the PI is prepared to travel to the Project 
Office at l·east t\·1ice during the. contract year to revie\~ project 
status and progress. Such reviews \vill be scheduled on dates mutually 
satisfactory to both parties. In addition, the PI may be requested to 
participate in program revi~w.or synthesis meetings as required. It 
is understood that costs of the travel and per diem for these trips 
will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Nanager in the 
form and format specified in Dcdivcrable Products Section VII, A thru 
E. Digital data submissions will. be accompanied by a Data Documcmta
tion Form (NOAA Form 24-13). 

F. Digital 
days of 
period, 
Office. 

Data lVill be submitted to the Project Data Hanager '"ithin 120. 
the completion of a cruise or three month data collection 
unless a written waiver has }>een received from the Project 
The NODC Taxonomic Code is to be used for biologi.cal data 

submissions. 

G. \Uthin 10 days of the completion of a cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NOAA For 24-23) will 
be submitted to the Project Data Manager. 
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H. Title for all property purchased with OCSEAP funds remains \·lith the U. 
S. Government pending disposition at contract expiration. All ncH 
equipment purchased will be reported quarterly and invcntorled annually. 
The I>I will maintain inventories of all expendable .and non-expcnd<Jble 
equipment purchased with OCSEAP. funds •. Information \.J'ill be recorded 
on Form CD-281, "Report of Government Property in Possession of 
Contractor", (copy attached.) Updated copies of these inventories 
will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds, will be submitted to the appropriate Project Office, at 
least sixty (60) days prior to release, for information and for forward
ing to BLH. The release of such material within a period of less than 
sixty days will be made only with prior \-lritten consent of the Project 
Office. News releases will first be cleared \vith the appropriate 
Project Office. Five conies of all reorints which t>ertain to technical 
or scientific material developed under OCSEAP funds will be submitted to 
the appropriate Project Office when they became available. 

J. All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLH/OCSEAP sponsorship. The following acknow
ledgment is standard: . 

"This study was supported by the Bureau of Land ~lanagem~nt through 
interagency agreement with the National Oceanic and Atmospheric 
Administration, under l'lhich a multi-year program responding to needs 
of petroleum development of the Alaskan continental shelf is manogcd 
by the Outer Continental Shelf Environmental Assessment Program (OCSEAP) 
Office. 11 
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VII. E. 

Jata Type 
(i.e. Intertidal, 
3en~hic Organisns, 
l~C.) 

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

·i4oorin~ .NC-24A (24m) Tape 
(40m 

~4ooring LD-5 II 

:-1ooring FX-1A II 

l.n 
l.n 
l.n 

~oaring FX-2A (18m) II 

(43m) 

!1ooring FX-3A (18m) II 

(40m) 

Estimated 
Volume 
(Volume of 
processed data) 

-5-

'DATA PRODUCTS SCHEDULE 

OCSEAP 
format 
(If .known) 

015 
015 

015 
015 

015 
017 

015 
015 

015 
017 

.015 
015 

Processing and 
Formating done 
by Project 
(Yes or No) 

Yes 

NCOP 

Collection 
Period 

(Month/Year to Month/Year) 

9/77 to 7/78 

7/78 to 9/78 

7/78 to 9/78 

7/78 to 9/78 

7/78 to 9/78 

7/78 to 9/78 

Submissio: 
(Month/Ye; 

1/79 

1/79 

1/79 

1/79 
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MILESTONE CHART 

0 - ~lanned Completion Date 

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

RU fl 541 __ ::..;...;......_ PI: Coachman, Aagaard, Kinder 

Major Milestones:. Reporting, and other aignificant 
contractual require:::ents; periods .of field work; workshops; etc. 

1979 
MAJOR MILESTO~ES 

1978 
0 N D J F M A M J' J A S 0 N D 

Complete submission 
of any outstanding data 

-··· 

~ -------~-------------------------------~-----------------------------------------------------~------------~----" 
0'\ 

Attend PI workshoos 

Submit annual and 
quarterly reports 

0 

0 

0 

0 0 0 0 
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UNIVERSITY OF \V ASHINGTON 
SEATILE, WASHI~GTON 98195 

Department of Occallograph_v 
Cable Add•us: UN~~:100 

Dr. Herbert E. Bruce 
Project Hanager 
NOAA/OCSEAP 
P.O. Box 1808 
Juneau, AK 99802 

Dear Dr. Bruce: 

15 September 1978 

I am responding to your letter RFx41-541-855 dated 11 September 1978 
concerning Hylar overlays for Research Unit 541. I missed the 15 September 
deadline because your letter was not received until 14 September; Tom Kinder 
telephoned preliminary information to :f!.Iauri Pelto o! your office· on T5 September. 

We will provide Hylar overlays of the circulation where we judge adequate 
data exists, and also overlays of mean measured currents, where we judge the 
means significant. ·As you know circulation schemes inferred from hydrography 
alone are often erroneous, as are means inferred. from non-stationary time 
series. We realize the value of a valid circulation pattern to OCSEAP goals, 
but we also realize the dangers inherent with incorrect schemes. A good 
example is the Bristol Bay region:: compare circulation schemes inferred from 
hydrography publis:hed just, a few years ago with the picture that is emerging 
in our reports. 

Similarly, we fin:d it difficult to provide maps of temperature and salin
ity in so~e areas (e.g. Norton·Sound) because of high variability. ~Vhere 
appropriate, we can provide maps of salinity and temperature,·and in other 
regions we can indicate something of the hydrographic structure, 'vater. masses, 
or variability, as the data warrant. 

In sUIIllilary, \<le agree to provide Hylar overlays that dep~ct circulation and 
hydrographic conditions, and we will chaos~ a method that we judge provides 
maximum information with high confidence levels. He want to provide the.hest 
information in the spirit of your letter, but av.oid statistically insignificant 
depictions. 

We plan to provide these overlays by 30 se'ptember 1979. 

Sinc~~J , J __# 
_ · tf7// }{J~eu ~ 

Lawren ·/ '. Coachman. ~ 
LKC:THK:af 
cc: OCSEAP Project Office, 

R.B. 'Tripp 
Boulder, Co. 

J.D. Schumacher 
R.L. Charnel! 
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TO: NOAA 
OCSEAP 
Bering Sea-Gulf of Alaska Project Office 
P. 0. ~ox 1808 
Juneau, Alaska 99802 

Proposal Date 15 Oct 1978 
Contract No. 
NOAA Project No. 
Institution ID No: 

FY 1979 RENEWAL PROPOSAL 

Research Unit Number: RU 551 

Title: Seasonal composition and food web relationships of· marine organisms · 

in the nearshore zone--including components of the ichthyoplankton, 

meroplankton, and holoplankton 

Cost of Proposal: $176,00~/ Lease Areas: Kodiak 100% 

Period of Proposal: October 1, 1978 through September 30, 1979 

11 Sorting costs of ca $60,000 included under RU 553 
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I. Title: Seasonal composition and food web relationships of marine 

organisms in the nearshore zone--including components of the 

ichthyoplankton, meroplankton, and holoplankton 

II. Principal Investigators: 

Jean R. Dunn 

Arthur W. Kendall, Jr., PhD 

Robert J.'Wolotira 

III. Cost of Proposal for Federal Fiscal Year (October 1, 1978 through 

September 30, 1979): 

A. Science: $176,000 

B. PI-provided lo~i~tics: none 

c. Total: $176,ooo!1 

D. Distribution of effort by Lease Area: Kodiak Island, 100% 

IV. Background: 

Significant gaps in biological information in the Kodiak Island shelf 

area include knowledge of the temporal and spatial changes in the composition 

of planktonic organisms of ecological or economic importance. Such information 

is needed to determine critical species or stages and will provide important 

datafor use in evaluating the posqible impact which oil and gas development 

may have. 

Of critical need in attempts to evaluate the potential impact of oil 

contamination on larval stages of important components of the ecosystem is 

the evaluation of what species are where, in what abundance, and at what 

time of the year. Evaluation of the food web, through coordination with 

marine mammal and bird studies under RUs 341, 337, 243, 229, and other 

1/ Sample sorting will be done by contract (approximately $60K for RU 551) 
included under RU 553. 
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relevant programs, may well indicate critical life history stages or areas 

which could be severely impacted by oil contamination. 

Studies of the seasonal composition, distribution, and relative abundance 

of marine organisms in the nearshore zone of Kodiak Island in FY 78 included 

one reconnaissance cruise (October-November 1977) and two assessment cruises 

(March-April and June-July 1978). Although limitations on vessel time and 

restrictions on vessel scheduling in FY 78 precluded seasonal coverage of the 

Kodiak Island shelf, the data available from these cruises should. depict the 

distribution and relative abundance of dominant ichthyoplankton taxa and 

selected zooplankton taxa (including shrimp and crab larvae.and euphausiids). 

Field research efforts in FY 79 would extend data collection in the fall of 

1978 and spring of 1979 to provide information for a complete annual cycle •. 

Primary efforts in FY 79, however, would be directed toward analysis, 

synthesis, and reporting of data collected in FY 78 and 79. 

Data collected in FY 78 and 79 will provide necessary information for 

other research units participating in the Kodiak.Food Web study, i~cluding 

RUs involved in feeding habits of sea birds, stomach analyses of juvenile 

and adult fishes, and assessment of plankton in bays and e~tuaries. 

V. Objectives: 

The overall objectives of RU 551, as indicated in the FY 78 proposal, 

are to determine the seasonal composition, distribution, and apparent abundance 

of marine organisms of ecological or economic importance and to investigate 

relations among these parameters and environmental conditions. Emphasis 

is on ichthyoplankton and meroplankton. 

Specifically, the objectives are: (1) determine seasonal composition, 

distribution, and apparent abundance of major life-stages of selected plank-

tonic taxa, including fish eggs and larvae, larvae of shrimp and crab, 
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and euphausiids; (2) examine observed biological distributions in relation 

to bathymetry and available hydrographic data; and (3) compare the distribution 

of planktonic organisms in nearshore, mid-shelf and slope waters. 

VI. Strategy and Approach: 

The general approach to the stated objectives is to sample plankton in 

Kodiak Island shelf waters usirig a centric-systematic sampling grid during 

seasonal cruises. i3iol,ogical sampling at each station will include surface 

ichthyoneuston tows, integrated oblique tows from near bottom to the surface 

and, at selected stations, discrete depth Tucker tows. Such sampling will 

enable us to identify dominant taxa, their distribution in time and space, 

relations between nearshore, m~d-shelf and slope fauna and to assess the 

influence of bathymetric aqd oceanographic features of the region on the 

distribution of organisms. 

Associated environmental d~ta will. be collected. Analysis of data will 

focus on assessing the ~istributio~ and relative abundance of taxa by season. 

Details are included below: 

This work will be accomplished under the administrative supervision of 

Dr. Felix Favorite, Resource Ecology Task. All field work, identification 

of ichthyoplankton, and' data analyses will be supervised by the co-principal 

investigators. The identif.ication. and analysis of shrimp and crab 

larvae will be conducted by John Bqwerman, Kodiak Laboratory, NWAFC. 

A. Sampling Methods 

1. Sampling scheme. A centric-systematic sampling grid (Figure 1) 

consisting of 88 stations will be used. Such a design may be treated as a 

random sample (Milne, 1959; Elliott, 1977). The entire grid can be covered 
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in approximately 14 days, given good weather, allowing sufficient time for 

diel studies, investigation of anomalous conditions, and repetitive sampling 

of certain stations. 

The use of neuston samplers will allow identification qf the components 

of ichthyoplankton which are near surface components. The use of an integrated 

tow (Bongo nets) allows estimation of biomass and determination of distribu-

tion of organisms. Discrete sampling (Tucker trawl) will enable identification 

of which strata· organisms are in and will enable investigation of diel migra-

tions. Replicate tows will be made at selected stations to assess sampling 

variability. 

Field sampling will· be conducted in accordance with standard HARHAP pro-

cedures (Smith and Richardson, 1977). Flowmeters will be calibrated before 

and after each cruise. Common stations have been selected to over.lap transect 

lines of the inshore intensive survey (RU 553) for direct comparison of 

survey results. Research Units 551 and 55.3 will .use essentially the same 

sampling gear mix. 

2. Sample Collection 

At each station a CTD cast will be made to determine the vertical profile 

of temperature and salinity. A surface neuston .tow utilizing a 30 by 50 em 

Sameoto sampler will be made (10-minute tow filtering ca 50 m
3 

water) to 

sample ichthyoneuston. A double-oblique tow of Bongo nets (60 em diameter, 

0.505 and 0.333 mm me.sh) from near bottom to the surface will be made to 

sample ichthyo- and zooplankton. Minimum amounts of water filtered will be 

3 ca 100 m • At selected stations a one-meter multiple net Tucker trawl 

(0.505 mm mesh) will be used for discrete depth sampling. 

Diel studies will be made at locations where large catches of ichthyo-

plankton are nmde. At those stations, a surface neuston tow and multiple 

Tucker trawl towswill be made every other hour for at least 24 hours, 
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Approximately 400 plankton samples will be collected during each three

week cruise (Table 1). 

Plankton samples collected at sea will be placed in one-liter Nalgene 

jars and preserved in 10% buffered (sodium'acetate) formaldehyde. Samples 

will be stored,in metal containers holding 60 such one-liter jars. Samples 

will be sorted by contract. 

B. · Analytical Met~ods 

1. Sample processing. Samples will be shipped from Kodiak to Seattle 

via Sea-Land barge and thence by air freight to the sorting contractor 

(Texas Instruments, Inc., Dallas, Texas). 

·The NWAFC will pre-sort a portion of the P,lankton 'sa~ples for fish ·'eggs 

and larvae, return them to the original plankton, and ship them to the sorting 

contractor along with the remaining plankton samples. The sorting contractor 

will not know which sample1; are pr~-sorted. Upon completion of sorting,· a 

listing of the number of fish eggs and larvae in the soried samples will be 

sent to NWAFC. If the numbers of fish eggs and la~ae found in the pre~sorted 

samples do not agree closely with the counts obtained by the' contractor, 

then all plankton samples must be re-sorted at .contractor's expense, This 

procedure will be repeated until the contractor and NWAFC counts agree closely, 

The sorting contractor will first take a settled volume.of'each sample 

(Kramer et al., 1972). All fish eggs and larvae (i.e,, samples are not split) 

will be sorted out of the neuston, 0.505 mm Bongo, one-meter Tucker trawl. 

The fish eggs and larvae'(or juveniles) will be bottled separately by the 

sorting contractor according to station, gear, etc., and returned to NWAFC 

for identification. 

At NWAFC, fish eggs and larvae will be identified to lowest taxa, 

counted (some taxa will be measured), and life history stage noted, Identi

fication of fish eggs (based on diameter of eggs, perivitelline space, 
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Table 1.--Estimated number of plankton samples. to be collected by RU 551 in FY 79, according to· ~ruise 

period and gear t)'Pe, and as:~ociated sorting costs. 

Gear. 
Bongo Bongo 

Cruise ~eriod Neuston $ (0.505)' . $ (0.333) $ Tucker $ Total.$. 

October~November, 1978 88 3,.696 ·88 3,960 88 9,152 136 13,056 400 29,600 

February-March, 1979 88 3,696 88 3,960 88 9,152 136 13,056 400 29,600 
I ,... ,... 
I 
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developmental stage, pigment patterns, oil globules, myomere counts, 

etc.) and fish larvae (based on developmental stage, myomere counts, pigme~t 

patterns, etc.) are based onstandardsdeveloped by Dr. E. H. Ahlstrom, NMFS, 

La Jolla, CA, and used at NWAFC since 1970. The reference collection of 

fish eggs and larvae at NWAFC is the third large.st on the west coast. Published 

and unpublished keys to larvae and juvenile fishes available at NWAFC will be 

used as appropriate. 

Zooplankton from the 0.333 mm Bongo nets, after volumes are.determined, 

will be sorted to major categories (e.g.,, class, phyla, qr .order--see Appendix 

I) from an aliquot of the total (ca 500 organisms) and enumerated. As 

necessary, an additional subsample will be taken by the Kodiak la~oratory, 

NWAFC, to obtain adequate numbers of shrimp and.crab larvae (ca 200 each). 

Eight major taxa (Euphausiacea, Chaetognatha, Copepods, Amphipods, Decapoda 

(Natantia), Decapoda (Reptantia), and Pisces eggs and larvae will be placed 

in separate labeled vials and returned to N'.VAFC. 

A separate subsample will be taken to yield an aliquot containing 

approximately 200 adult euphausiids which will be identified to species, enumer-. 

ated, lengths measured and wet weights (Weihe et al., 1975) determined. The 

euphausiid species will be placed in separate vials and returned to NWAFC. 

Samples from the 0.505 mm Tucker trawl will be subsampled for ca 200 

euphausiids which will be handled as above. An additional subsample of 

about 500 organisms will be taken for separation of shrimp (Nata'ntia) and 

decapod crab (Reptantia) larvae. If this aliquot yields insufficient numbers 

of decapod larvae, then additional subsampling as necessary will be conducted 

by the Kodiak Laboratory, NWAFC. 
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Zooplankton data (numbers per aliquot) and samples will be returned by 

the contractor to NWAFC for analysis. The shrimp and crab samples will be 

sent to the Kodiak Laboratory, NMFS, for identification to species and life 

history stage by John Bowerman, according to keys developed by Evan Haynes 

(Haynes, 19]6, 1978a, 1978b), 

Samples of fish eggs and larvae will be archived at NWAFC, and crab and 

shrimp larvae will be stored at the Kodiak Laboratory. Other invertebrates 

will be stored at NWAFC for one year or forwarded to any archiving center 

designated by OCSEAP. Voucher specimens will be deposited at California 

Academy of Sciences. 

2. Data Analysis. All data will be recorded on forms designed to 

facilitate subsequent processing by ADP methods. Computer programs will 

be used to convert observed data to numbers or biomass per standard unit, 

either per 1000 cubic meters of water filtered or under 10 square meters 

of sea surface, as appropriate (Kramer, et al., 1972). 

Standard methods of analyses will be used. Samples of such analyses 

for ichthyoplankton may be found in Kendall (1975), Richardson and Pearcy 

(1977), Houde (1977 a, b, c), Smith, et al. (1978), and Richardson and 

Stephenson (1978); for zooplankton in Haynes (1974), Angel and Fasham (1973), 

Angel and Fasham (1975), Pearcy, et al. (1977), and Colebrook (1977). 

Similar analyses will be performed on all of the taxonomic groups 

investigated under this RU (ichthyoplankton, shrimp and crab larvae, and 

euphausiids) as abundances, distributions, and time permit. Priority will 

be given to thorough analysis of ichthyoplankton and shrimp and crab larval 

data. 
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Geographic analysis will consist of plotting species distribution on 

charts of the area. Isolines of abundance for species.of interest on a 

logarithmic scale will be plotted on the charts. Biomass will be expressed 

as numbers per 10 m2 of surface area for each station. For abundant species 

of interest, biomass e$timates for entire cruises or portions thereof can 

be derived by calculating the areas represented by each station and summing 

the biomasses at the stations of interest. Variances of.the biomass esti

mates for the cruises can be calculated as in Houde (1977a). 

Visual .comparisons of charts of biomass with bathymetric charts of the 

area will show if further analysis of the relation between depth and bottom 

topography to plankton distribution is warranted •. If such be the case, 

graphical analysis will be employed. 
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As hydrographic data become available, their distribution.will be plotted 

and compared with that of biomass plots of plankton ·species.· Further analysis 

may include investigating correlation between temperature, ·salinity, and 

plankton abundance. 

Comparisons of the geographic, bathymetric and hydrographic distribution 

of plankton biomass on a seasonal basis.will be possible by ·comparing the 

several cruises with each other., Species lists, rank orders of abundance, .. · 

and size or stage distributions can be compared·. ; The importance of each 

season to the reproduction of economically and ecologically important species 

in the area can .be evaluated .by examining the abundance of. their larval stages 

on a seasonal basis. 

If the data justify it, an analysis of the community structure of the 

area can be attempted using a variety of numerical !!lassification techniques~ 

These will allow statements concerning the co-occurrence of species which may 

in some way (e.g., competition for food) influence the distribution and sur

vival of each other. 

Discrete depth tows with the neuston net and the Tucker trawl will allow 

comparisons of densities at various depths on a diel cycle. For these 

analyses, data will be converted to numbers per 1000 m3 , since density rather 

than biomass is to be investigated. Experiments are designed so that, with 

transformation (e.g., log10[x + 1]>, a factorial analysis of variance can 

be performed---the factors being depth, time of day, species, and replicates. 

VII. Deliverable Products 

A. Digital Data 

1. No new parameters are proposed for FY 79 

2. The minimum and maximum values of zooplankton parameters are 

listed in Table 2. 
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Table 2.--Digital data to be submitted to OCSEAP and estimated minimum and 
maximum values of parameters. 

Record type 

File Type. 024-Zooplankton 

Range of values 
Common to all records 

File Type 
File Identified 
Record Type 
Station Number (except 1) 

Record type 1 - File Header 
Vessel 
Cruise/Cruise Dates 
Area/Project 
Investigator/Institution 

Record type 2 - Location 
Latitude/Longitude 
Date in GMT/Time in GMT 
Depth to bottom 
Sample interval 
Ship speed 
Surface water temperature 

Record type·· 3 - Total Haul Data 
Gear Code/Mesh Size 
Duration Haul/Length 
Total settled.volume 
Volume of water filtered 
Duration of tow 
Haul type code 

Record type 4 - Subsample Data 
Sample number/taxonomic code 
Life history code 
Size of subsample 
Number of adults 
Number of juveniles 
Number of eggs 
Number of larvae 

Record type 5 
N/A 

Record type 6 - Subsample Data 2 
Sample number/taxonomic code 
Life history code 
Size of subsample 
Number of adults 
Number of juveniles 
Number of eggs 
Number of larvae 

024 
1 
2 

1-200 

DISCO, FREEMAN, or WECOMA 
1-6, 78-79, 1-12, 1-31 
Kodiak Plankton 551 
Dunn· et al, NWAFC 

55.00.00-60.00.00N/148°00.00-157°00.00W 
78-79, 01-12, 1-31/0000-2400 

·10-6000 m · 
0-LOOO m 
1.0 -· 5.0 knots 

0 . 
-1.0 to 15.0 C 

04, 09, 16, 17/165-505u 
0.1-2.0/100-2000 m 
1 m131,000 mj 
40 m -1500 m 
5 min - 90 min 
Surface/oblique 

1-200/zooplankton-fishes 
0, 1, 2, 3, .4, 5, 6, 7, 8 
0.1 - 100 
0-1000 
0-5000 
0-100,000 
0-10,000 

1-200/zooplankton-fishes 
0, 1~ 2, 3, 4, 5, 6, 7, 8 
0.1 - 100 
0-1000 
0-5000 
0-lOQ,OOO 
0-10,000 
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3. Standard ADP quality control checks will be made, including 

range-checking computer programs, following procedures 

described for RU 175 (Demersal Fish and Shellfish Resources of 

the Eastent Bering Sea in the Baseline Year 1975; Data Appendices, 

Appendix A: Data Processing Quality Control, pp. 1-3). 
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B. Narrative Reports 

Interim products will be included as appropriate in quarterly and annual 

reports. These products will consist essentially of tables,. charts, and 

figures of available data (see Waldron and Favorite. MS 1977; Waldron and 

Vinter, NS 1978). 

A final report,. synthesizing data collected in FY 78 and FY 79 will be 

submitted by December 31, 1979. 

C. Visual Data 

Standardized OCSEAP maps. and. mylar overlays will be used. 

D. Other 

N/A 

E. Data Products 

Data products ~ill include the following: 

(1) Tables, charts, and figures depicting the relative abundance of 

ichthyoplankton and zooplankton taxa by station, cruise,; and season. 

(2) Rank order of abundance of ichthyoplankton and zooplankton by area, 

region, coastal, and offsho~e regimes, or other appropriate analyses. 

(3) Distribution of ichthyoplankton and zooplankton taxa by depth strata 

and results of diel variation studies. 

(4) Contour charts of distribution of various ichthyoplankton and 

zooplankton taxa as appropriate. 

(5) Distribution and abundance of dominant taxa in relation to 

physical-chemical parameters. 

(6) Size composition data and/or life history stage data, as appropriate. 

Digital data products are described in Table 3. Processing and 

formatting .of digital data into .OCSEAP format will be done by the proj~ct 

or by subcontract. 
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Table 3~--Data Products Schedule, RU 551. 

Dtitn Trpe Ned in Estimated Processing and 
(i.e. Intettidal, ·(Cards, cod- Volume OCSEAP Formating done Collection 
B~nthic Organisms, ing sheets, (Volume o£ form11t by 'Project Period Subr.liss: 
etc.) tapes, disks) .processed data) (If.known) (Yes or No) (Month/Year to Month/Year) (Honth/': 

Ichthyoplankton tape 2,000 cards 024 Yes Oct 1977-Nov 1977 Nov 1978 

Zooplankton tape 3,000 cards 024 Yes Oct 1977-Nov 1977 Jan 1979 

Ichthyoplankton tape: 3,000 cards "024 Yes Mar 1978-Apr 1978 J.an 1979 

Zooplankton tape 5,000·cards 024 Yes Mar 1978-Apr 1978 Apr 1979 

Ln Ichthyoplankton tape 3,000 cards 024 Yes Jun 1978-Jul 1978 Mar 1979 -...] 

Vol 

Zooplankton tape s,ooo cards 024 Yes Jun 1978:-Jul 1978 Jun 1979 

Ichthyoplankton tape 2,500 cards 024 Yes Oct 1978-Nov 1978 Mar'l979 

Zooplankton. .tape 5,000 cards 024 Yes Oct 1978-Nov 1978 Jun 1979 

Ichthyoplankton tape· 2,500 cards 024 Yes Feb 1979-Mar 1979 Sep 1979 

Zooplankton -tape 5,000 cards .024 Yes ·Feb 1979-Mar 1979 Oct 1979 
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VIII. Special Samples and Voucher Specimen·Archival Plans: 

All samples of fish eggs and larvae (estimated to be ca 1,200 samples 

for FY 78 and 800 for FY 79) will be permanently archived at the NWAFC, and 

crab and shrimp larvae will be stored at the Kodiak Laboratory, NWAFC. · Other 

invertebrates will be stored at NWAFC for one year or forwarded to any archiving 

center designated by OCSEAP. 

Voucher specimens will be deposited at the California Academy of Sciences. 

IX. Logistics Requirements: 

Logistics are detailed in Table 4. 

X. Anticipated Problems: 

Based on our experience in FY 78, the two major problems will be winch 

and CTD failures aboard NOAA vessels. Such failures have been the subject of 

numerous memoranda to the Juneau Project Office, and resolution of these 

problems cannot be made at the investigation level. 

If winch failures occur, repairs will be needed at sea or in the nearest 

port. At least two CTD fish should be on each vessel. In the event of 

long term inclement weather, special stations have been assigned to overlap 

those sampled by RU 553. 

Samples of decapod larvae sorted from ichthyoplankton and zooplankton 

samples by the sorting contractor may be inadequate to supply statistically 

significant data on crab and shrimp larvae. If so, it will be necessary to 

sort aaditional larvae from the parent samples from which the aliquots were 

taken. Only a limited number of such samples can be processed within the 

budget proposed. 
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XI. Information Required from Other Investigators: 

Environmental data from 1978 and 1979 cruises in the area of investiga

tion would be helpful in conducting field studies, Although preferably in 

the form of maps showing horizontal distribution of properties, particularly 

flow, such data on tape would be acceptable. OCSEAP should insure the dis

~ribution qf these data as they become available. 

Ship's crew will be responsible for providing CTD and XBT data as 

required. 

575 



-22-

Table 4.--Logistics Requirements, RU 551 

Institution - NWAFC Principal Investigators - Dunn and Kendall 
and Uolot:f:ra 

A. SHIP SUPPORT 

1. Cruise tracks (same for each cruise) are depicted in Figure 2., Station 

positions are listed.in Table 4. 

2. At each grid station, a ten minute surface neoston tow will ba made 

using a Sameoto sampl=r. Following that, an oblique tow, from near bottom 

to the surface, will be made with paired 60-cm bongo nets (mesh size 0.505 mm 

and 0.333 mm). Calibrated flow meters are installed in each piece of sampling 

equipment. .~1 procedures follow standard }~~ recommendations (Kramer et al. 

1972; Smith and Richardson, 1977)~ At' selected stations discrete sampling 

will be conducted, usirig a. on~-meter multiple net Tucker Trawl. CTD profiles 

will be taken at each station. Surface salinity and temperature wil~ be 

monitored. 

Plankton samples will be placed in one liter Nalge~e jars~ preser1ed 

with Sodium Borate neutralized· Formaldehyde (10%), labeled and stored in 

metal boxes. The plankton boxes will be Qff-loaded in Kodiak at the'end of 

each cruise, barged to Seattle by commercial carrier, and thence shipped 

air freight to the sorting contractor. 

3. The optimum time chronology is .to complete 'the sampling grid. in 

station sequenc~ in as short a period as possible. Ideally. quarterly 

coverage of the grid would be desirable. 

4. The optimum length of each cruise would be 21 days, allo'l-dng complete 

coverage of the sampling grid and sufficient time for diel studies and 

investigation of small scale anomalies. 
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Table 4.--Station positions, RU-551 

Station J..ati tude T.on&i tude 
"N w 

Gl 57 .. ~7 .3' 152" 02-8' 
G2. 57" 55-3' 151 .. 43-5' 
G3 58" 05.3' 151" 59' 
G~ 58" 32.2' 151" 37' 
G5 58" ~0.2' 151". 11-8' 
G6 58" 50.h' 151" 33' 
G7 58" 58-7' 151" 1h.5' 
G8 58" ~-3' 150" 59' 
G9 58" 38-3' 150" -h3-5' 
G10 58" 29.8' 151" 02.3' 
Gll 58" 22.1' 151° 21. 7' 
G12 58" 03-5' 151" 25' 
G13 58" 11.8' 151" o6' 
G11! 58" 19.8' 150" h6.5' 
Gi5 58" 28.1' 150" 27-7 1 

G16 58" 18' 150' 12' 
G17 58" 09-9' 150" 31-3 1 

G)-8 5~" 01.8' 150" 50. 7' 
G19 57"' 53-3' 151" 101 

G20 57" lt5. 2' 151" 28.5' 
G21 57" 37-1' 151" 47. 7'. 
G22 57" 28.8' 152" 06.7' 
G23 5.7" ~0 •. 7' 152" 25.4' 
G2lt 57" '12-3' 152" 4lt.5' 
G25 57" ()4' 153" 03-5. 
G26 56 .. 55-8' 153" 22.5' 
G27 56" 47. 7' 153" h1' 
G28 56 .. 39-3' 153" 59' 
G29 56" ltl.3' 15h" 33' 
G30 56" 51.6' 15h" lt7 .8 t 
G31 57" 01. 7' 155" 03' 
G32 56" 53-lt' 155" 21.3' 
G33 56" 1t3-5' 155" 07' 
G3h 56" 33-3' 15h" 51-lt' 
G35 56"' 02.8' 154" 06.8' 
G36 56" 10.5~ 153" lt7 .8 I 
G37 56" 19-2' 153" 29-8' 
G.)B 56" 27-3' '153" 11' 
G39 56" 35. 7' 152~ 52-2' 
GLO 56° qq.2 I 152" 33·5 1 

Glil 56" 51.8 1 152~ 1lt 1 

Gl!2 57" 00.4' 151" 55' 
Gli3 57" 09.2' 151" 36' 
Ghli ·57" 16. 7' 151" 17-3' 
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Table 4 (Cont'd).--Station position, RU-551 

Station 

G45 
G46 
G47 
G48 
G49 
G50 
G51 
G52 
G53 
G54 
G55 
G56 
G57 
G58 
G59 
G60 
G61 
G62 
G63 
G64 
G65 
G66 
G67 
G68 
G69 
G70 
G7l 
G72 
G73 
G74 
G75 
G76 
G77 
G78 
G79 
G80 
G81 
G83 
G84 
G85 
G86 
G87 
G88 
G82 

Latitude 
ON 

57° 24.8' 
'57° .33' 
57° 4L7i 
57°·49.6' 
57° 57 .8' 
58° 07~8· 
57° 59· 7' 
57° 51.7' 
57° IJ3.3' . 
57° 34.8' 
57° 26. 7' 
57° 18.3' 
57°10.3' 
57° 02.2' 
56° 54.3'' 
56° 45.8' 
56° 37-7' 
56° 29.1' 
56° 20.8' 
56° 12.9' 
55° 52.3' 
56° 00.2' 
56° 09' 
56° 17' 
56° 25.3' 
56° 3.4' 
56° 42• .. 
569 50' 
56° 58.2' 
57° o6.6' 
57° 14.6• 
57° 23' 
57° 3i.5' 
57° 39,5 I 
57° IJ7.8' 
56° 54.5' 
57° 04.3' 
56° 48.3' 
56° 1JD.2' 
56° 32' 
56° 23.7' 
56° 15.2' 
56° o4.7' 
56° 55' 
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Longitude 
'W 

150° 58.3' 
l50° 39;3' 
150° 20.5' 
150° 01 1 

149° 40.8' 
149° 56.2' 
150° 15.7' 
150° 35-3' 
150° 54.7' 
151° 13.5' 
151° 32~3' 
151° 51.3' 
152° 10.3' 
152° 29' 
152° 48.3' 
153°·12.5 1 

153° 26 1 

153° 44.4' 
154° 03' 
154° 21.5' 
153° 52' 
153° 33' 
153° 11J.8' 
152° 56' 
152° 37' 
152° 18.3' 
151° 58.8' 
151° 40.3' 
151° 21' 
151° 01. 7' 
150° 43' 
150° 23.7' 
150° ·04.8' 
149° 45.3' 
149° 25.7' 
150° :).2.5' 
150° 27.5' 
151~ 06.3' 
151° 25.4' 
15l0 44 1 

152° 04 1 

152° 22.3' 
152° 07.5' 
150° 47.3' 
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Table 4 (Cont'd).--Station positions,. RU-551 

Sa.mpline stations in the event of foul "'<'1'1tller on the she;tf: 

' Station Latitude Lonc,ii.ude 
"N "W 

I1.hut Bay 
B1 - Z2D 58° 101 152° 14' 
:B2 - Z1 58° 13' 152° 17' 

Kalsin F.ay 
B3 - C5 57° 38' 152" 24' 
B4 - Cl 57" 37' 152" 25' 

Uga.k Pay 
B5 57° '24' 152"•34' 
B~ 5r 27' 152" 1!1' 

Kiliuda Eay 
B7 57". 16' 152° 55' 
B3- L7 57° 18' 152° 59' 
B9- L1 57° 19' 153° 02' 

Sitkalidak Str. 
B10 57" 05' 153" 27' 

Ka i UGJ1 ak Pay 
Bll - G2 57° 01' 15Y 29' 
Bl2 - G1 5r 04' 153" 36' 

Ali t.e.k Eay 
Bl3 56" 52' 154" oS· 
B1l, 56". 511' 154 00.5' 

Deadman Eay 
Bl5 56° 59' 153" 5~·5' 
B16 5r 06' 153"' 52' 
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Table 4 (Cont'd).--Logistics Requirements, RU 551 

5. This RU must be the principal investigation on all cruises. Sampling 

will be conducted on a 24 hour basis •. Samplin& time on station will vary 

as to depth ~;>f water and types of gear deployed;.an average of 3 hours pel." 

station may be used as normal. There is no sample processing time between 

stations. 

6. NOAA ships are expected to provide winch operators ~nd one survey 

technician per 12 hour watch. Surface salinity and temp,erature recorders 

and CTD instrumentation are to be provided by the ship. Echogr~~s are to 

be taken along all cruise tracks by ship's personnel using appropriate 

shipboard sonar equipment; original traces are to be provided to·Project 

cruise leader at end of the cruise. All biological sam~ling equipment will 

be provided by the project. 

7. Weight of equipment is approximately 1,000 pounds, occupying 

approximately 300 cubic feet of storage space. 

8. Telemetering coaxial cable is required for certain sampling equipment. 

9• Formaldehyde will be used to preserve plankton samples. The 

formaldehyde lvill be on-loaded either in Seattle or Kodiak. 

10. We strongly prefer the NOAA ship Miller Freeman as it is the only 

NOAA vessel assigned to the Northeast Pacific which is suitable for plankton 

sampling. The quality of data collected off the Freeman is far superior to 

that collected off the Discoverer due to previous experience of the vessel, 

ability to maintain vessel speed and wire angle, and in their devotion to 

a sense of mission. Additionally, the capability of the Freeman to deploy 

large pieces of sampling gear is far superior to the Discoverer. 
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Table 4 (Con'd).--Logistics Requirements, R~ 551 

11. N/A 

12. The standard complement of people per cruise, depending on the 

vessel assigned~ will be five to seven, including one co-principal investi

gator, one or two biologists,, and three to four technicians. No foreign 

nationals will be employed. 
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XII. Activity /Hiles tone Chart: 

An activity/milestone chart for FY 79 is attached as Table 5. 

XIII. Outlook: 

The first two years' study of Kodiak Island Food Webs should enable 

broad descriptions of what organisms are located where, in what relative 

magnitude, .in a quasi-quarterly seasonality. Such efforts, however, have 

not allowed definition of sequences of events, from spawning, to early 

life history activity, until settling out or joining the nektonic or 

demersal regime. Stutiies through FY 79 probably will not define critical 

spawning times or areas, except by inference. 

Needed in FY 80 are monthly cruises along the Kodiak Island shelf 

extending from about mid-March through mid-August. Such a sequence of 

observations should allow definition of critical areas, information on the 

timing and sequence of life history events along the Kodiak Island shelf. 

Such data may allow descriptions of communities of organisms susceptible to 

deleterious impact by oil contamination. Particularly needed are physical

chemical data to define flow in the region. 

A significant omission in current OCSEAP studies are food studies of 

larval fishes. As the early life history stages are most likely to be 

severely impacted due to oil pollution, the·ir food habits should be defined 

to allow assessment of causes of mortality. 

Estimated costs of such field activities ~ould be $250,000 plus sorting 

costs of $150,000. Logistics requirements would include the availability 

of the Miller Freeman for two-week periods each month for six months. 
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~ - Starting Date 

Table 5.--Milestone chart, RU 551, FY 1979 () - Plnnned Completion Data 

X - Actun1 Completion Dntc 
(to be used on quarterly updates) 

P,U f1 551 PI: --~D~n~n~n.,·_K~e~n~d~a.l~J~·.a~n~d~w~a~l~a~r~+•r4a __ _ 

H.:tjor ~~ilcstoncs: 'Reporting, and other oignificant 
contractual requirements; periods of field work; \o:orkshops; etc, 

1979 
YJUOR MILESTONES 0 

1978 
N D J F M A., M J J A S 0 N D 

V1 -oo 
w 

Complete the analysis of fall 1977 · 

~ooplankton data --- - -------o 
Complete the_analysis of spring 1978 

ichthyoplankt~n data 6---0 

Complete the analysis of .~pring 197& 

zooplankton data b,,..----------1() 

Complete the analysis of suriuner 1978 

ichthyopl'ankton data 6,..------() 

Compl.ete the analysis of summer 1978 

zooplankton data !::;.---'------'--'' () 

OCSE.i\P Annual Report submitted' 
... (). 

Complete the analysis of fall 1978 

ichthyoplankton data 6---0 



~ - Starting Data 

Table 5.--Milestone chart, ,RU 551, FY 1979 Cqont'd) ()- Planned Completion Date 

X • Actun1 Completion Date 
(to be used on quarterly ~pdntcs) 

p,u !1 __ 5_5_1 __ PI: Dunn, Kendall and Wolotira 

Hajor Hilcstones: 'Reporting, and ,other significant 
contractual requirements; periods of field work; workshopD; etc. 

1978, 1979 
Y~OR MILESTONES 0 N D 3 F M A M 3 3 A s 0 N D 

Complete the analysis of fall 1978 

zooplankton data _/:). '() N 
VI If 

·- 0:::>. 

""" Synthesize dat~ from first four, crui:ses· l:s Q 
Complete the analysis of winter 1979 

' 

ichthyoplankton data .6. 0 

Complete the analysis of winter 1979 
'· 

zooplankton data fs---..;-0. 

Complete synthesis of data 0 
Write final report l:s () 

Submit final report to OCSEAP () 
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XIV. Required Standard Statements 

A. Updated milestone charts will be submitted quarterly. A &chedule 

for processing and analysis of past year's data will-be submitted to the 

Project Office upon request. 

B. Quarterly repo7ts will be submitteq to the appropriate Project 

Office during the contract year to be· in OCSEAP hands by the first day of 

January, July, and October: Annual RP.ports are due by April 1. The 

Final Report ... i1 1. be submitted within 90 days· of the expiration of the 

contract. 

C. Where biota are concerned, all species and higher categories will 

be represented by the voucher specimens t~at will be preserved, labeled, 

held, and ~hipped to an official OGSEAP designated repository in conformity 

with OCS~AP voucher specimen policy. Vouchering will ~nclude life history 

stages (e.g., larvae, juveniles, adults) when these are studied, and sexes 

where these are morphologically distinguishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the Project 

Office at least twice during the contract year to review preject status 

and progress. Such reviews will be scheduled on dates mutually satisfactory 

to both parties. In addition, the PI may be requested to participate in 

program review or synthesis meetings as required. It is understood that 

costs of the travel and per diem for these trips will be borne by OCSEAP. 

E. Data products will be submitted to the Project Data Nanager in the 

form and format specified in Deliverable Products Section VII, A through 

E. Digital·data submissions will be accompanied by a Data Documentation 

Form (NOAA Form 24-13). 
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F. Digital Data will be submitted.to the Project Data Manager within 120 

days of the completion of a cruise or three-month data collection period, un

less a written waiver has been received from the Project Office. The NODC 

Taxonomic Code is to be used for biological data submissions. 

G. Within 10 days of the completion of a cruise or any data gathering 

effort, a ROSCOP data collection inventory fonn (NOAA Form 24-23) will be 

submitted to the Project Data Manager. 

H. Title for all property purchased with OCSEAP funds remains with the 

U.S. Government pending disposition at contract expiration. All new equip

ment purchased will be reported quarterly and inventoried annually. The 

PI will maintain inventories of all expendable and non-eLpendable equipment 

purchased with OCSEAP funds. Information will be recorded on Form CD-281, 

"Report of Government Property in Possession, of Contractor," (copy attached). 

Updated copies of these inventories·will be submitted quarterly. 

I. Three (3) copies of all manuscripts for publication or presentation 

which pertain to technical or scientific material developed under OCSEAP 

funds, will be submitted to the appropriate Project Office at least sixty (60) 

days prior to release, for information and for forwarding to BLM. The release 

of such material within a period of less than sixty days will be made only 

with prior written consent of the Project Office. News releases will first 

be cleared with the appropriate Project Office. Five copies of all reprints 

which pertain to technical or scientific material developed under OCSEAP 

funds will be submitted to the appropriate Project Office when they become 

available. 

J. All publications and presentations of material developed under 

OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following acknowl

edgement is standard: 
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APPENDIX I 
Initinl ~ooplnnkton Tnbulution 

lD 

KEiliJ 
Sta.tionLLLJ 

~ 
Haul Ll.__U Srunplo 

Code #/ Alq Total-#/ Tnxa 

~~ •C,'il ~'I~ 'l'i N'i-~C :-1:; .. ,-."'::l-: 
~---

I ! I l 

' 

l·! ' . I 
Am hi oda I 

I -, : I 
I 

I ' I i ' 
I ' 

Euphiusiacea'adult 

Cnidaria 14 
Cteno_r:~~Ea s:; 

Echinoderoata larva 2 0; 

J..e.rv~c!'.:a. 
1\/To .. l ~ j r J ~~ 

I I ; 

I j 
I 

I ' 

I I I 

I ' 

I I ! ' 
I 

I ~ 

j I i I l I 

I I I ' I 
; 

I ' 

~
f--[ 1--t-+--+--iJ i I ; 

'l'balie.cea I 2! 61 I I I 
.-~.O:!:c~t:.=o:..:p=o~d!:ac:...:= ______________ :_-:_-:_-_-_-_-_-:_-_-_-_-_-~--~------~:--~--~----:--~-~r-:--3-=;'+~-=-:0i 1-JI;.... ==~ =J========= 

I' ..,. 1 I 1 .. , I 
Teutb~idea 1 ~~~~~---

~---------------~-~~.:~~~~ .II I I 
• Pteropoda ')I ! 1--_!....~_:_-=---

l!eteroP9_da 1.31.6.., t j.........;...--;-1 _,'---:----,----: ~---------------+-:-, I ! -.· i I 
I i I 

Annelida ------f-1
,....:_ M..3~ ;--;.___;___:_--....:. 
: I i ,. I 'I 

Cladoce~~a~----------------------------------_,~~-4:~: ~-_!....~-=--~-~ 

:::::::::~:: ~ .::~-lli.: .. ====================:=IL..l·r--':[~! L 1!--' -,L'--.;1:-.:-r~--'--
Identifier ------- Ho • .Jtz.rn Date Stnrted 

_J..lica':lot -----/·---1---- lfo. Vinls __ Date Completed 
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ln1 Uo.l Zoo}llunkton Tn bula tion 
AP~"!m!X I 

JD ---------------------------------

St~~;,tion PJ411J ~ 
Hnul o=:cJ Ssuaplo F'l l-£t.i 

Code #/ Alq TotQl #/ Tnx~ 
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TECHNICAL PROPOSAL 

I. Title: Seasonal Composition, Abundance, and Food Web Relationships of 
Principal Juvenile and Adult Marine Finfish species inhabiting 
Kodiak Island's Eastside - Including Icthyoplankton, Meroplank
ton and Forage Fishes.· 

Research Unit-Number: 552 
Contract Number: 03-5-022-69 

Proposed Dates of Contract: October 1, 1978 thru September 30, 1979 

II. Principal Investigator(s): 
James E. Blackburn 
Peter B. Jackson 

III. Cost of Proposal 
A. Science - $155,000. 

B. P.I. Provided Logistics- $0.00 
C. Total - $155,000. 

D. Distribution of Effort by Lease Area: Kodiak - 100% 

IV. Background: 
A regime of marine organisms highly subject to the potential impact of oil 
and gas development in the Gulf of Alaska is the pelagic and demersal fin
fish assemblage inhabiting the nearshore zones. This high potential risk 
is primarily due to the likelihood of spilled oil coming ashore and the 
resultant impact to organisms in that zone. The nearshore zone is known to 
be important to many commercially important species as well as to their 
food organisms. 

The OCSEAP addressed this data need in FY 76 through RU 486 and RU 485 and 
again in a more comprehensive manner in FY 78 thr6ugh RU 552, and 553. 
While this integrated multidisciplinary approach has filled a number of 
critical data gaps, four primary areas of need remain. Paramount among 
these are the necessity for complete and integral analyses of the existing 
data base and to integrate results with cooperative research units in or
der that full value can be realized as soon as possible from the existing 
data base. 

Of second importance is the need to expand seasonal sampling through the 
winter months. Existing data on the spatial and temporal distribution as 
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well as relative abundance of nearshore finfish distribution involve only 
the late spring and summer months; winter observations will be necessary 
to obtain a complete and comprehensive picture. The third data gap is the 
lack of information on life history characteristics of nearshore spawning 
forage fish, i.e. herring, capelin, eulachon, etc. This gap exists be
cause these species cannot be adequately assessed using RU 552 methodology. 
The last primary need is for more specific data on nearshore marine organ
isms of commercial or ecological importance. Evaluation of similar envi
ronmental studies in other areas has demonstrated the need for increased 
emphasis on assessing and evaluating those species in nearshore areas in 
respect to potential hydrocarbon related impacts. This need will overlap 
with and be addressed by all components of the study proposed here. 

V. Objectives: 
1. Determine the seasonal composition and relative abundance of princi

pal finfish species (adult and juvenile) on the Kodiak shelf with em
phasis on nearshore areas. 

2. Describe the temporal dynamics (diel, seasonal, ontogenetic) and hab
itat use by principal finfish species, including their juvenile stag
es. 

3. a. Determine the temporal and spatial distribution of spawning by 
nearshore pelagic forage fishes. Determine age, weight and length 
relationships of these fish species. 

b. Identify spawning substrate commonly use by her-
ring, capelin and other species encountered. 

c. Determine density of capelin spawn on substrate. 

4. Conduct sampling so as to permit RU 553 personnel to obtain and an~yze 
stomach contents in order that food webs may be described. 

The above objectives for RU 552 are designed to integrate with those of 
RU 553 to collectively determine the distribution, abundance, and 
critical life stages of principal nearshore marine fish populations on Ko
diak Island's eastside as well as the spatial and temporal distribution of 
the major food items utilized by those species. A comprehensive approach 
of this nature is essential to adequately assess the potential risks of 
petroleum related development to this sensitive and critical nearshore re
gime. 

593 



-12-

VI. Strategy and Approach: 
As work proposed here consists of three basic elements, or studies, the 
following discussion of their strategy and approach will consider each 

separately. In addition to a general discussion of the strategy and ap
proach for each facet, each discussion will include specific sampling and 
analytical methodologies as well as procedures for insuring periodic cali
bration and valid intercomparisions of instrumentation. 

Study 1 

Integrated analysis of existing data base and preparation of comprehensive 
report on work to date: This first and possibly primary facet is designed 
to analyze the existing RU 552 data base, synthesize results with appro

priate data from associated research units in the Kodiak Lease Area, and 
produce a comprehensive report on the timing, distribution, relative abun
dance and major food items utilized by nearshore fish species on Kodiak 
Island's eastside. Attempts will also be made to depict relationships be
tween key finfish species and their major food items. In addition to uti
lizing data from RU 552 in FY 78 and 79, data from RU 486 (ADF&G) and RU 
485 (FRI) obtained in FY 76 will be heavily drawn upon as well as appro
priate data from RU's 512, 553, 332 and 5. This report will be fi
nalized and submitted by September 30, 1979, and will include data obtain
ed during the winter surveys of FY 79. 

As this study consists entirely of compiliation, analyses, interpretation 
and presentation of data, a piscussion of sampling methods is not applica

ble. 
Data collected will be proofed, keypunched and edited. From the corrected 
data one copy will be put into OCSEAP format and submitted, while another 
copy will be used for analyses. A species list of the fish captured will 

be presented. The catch information will be summarized as mean and stand
ard error of catch per unit effort by gear, bay, species, and time period. 
The amount of effort will be summarized by gear, bay, and time period. 
Relative abundance and rank of abundance by taxon will be presented for 

each gear, bay, and time period. 

In general, tests of significance and confidence limits on statements will 
not be necessary. Since this study is a survey, the descriptive statistics, 
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mean and standard error of the mean as well as a presentation of the level 
of effort, are the appropriate methods of displaying results. 

In order to describe temporal dynamics of fish species at specific sites, 
the species will be individually discussed verbally with appropriate tabu
lar and graphic presentations constructed to display the results and inter
pretation of results. 
Study 2 
Nearshore finfish sampling surveys: This second study component is design
ed to build and expand existing data base of RU 485 and 486 (FY 76) and 
RU 552 and 553 (FY 78) on abundance, composition and trophic relation-
ships of nearshore finfish throughout the winter months. This will pro
vide the year-round data continuum of essential biological parameters ne
cessary for OCSEAP needs. For the sake of comparability, this survey ef
fort will duplicate the methodologies and study areas used by RU 552 in 
April through August FY 78. The four study areas used in FY 78 collective
ly represent the major habitat and exposure types of Kodiak Island's east
side: Izhut, Kalsin, Kiliuda and Kaiugnak Bays (Figures 1A- 10). Two win
ter surveys will be conducted in each of the four study areas: one in Oct
ober-November and one in February-March. Each survey will require four to 
five weeks actual field time, with six to eight days being devoted to each 
study area. This work will be conducted jointly and be closely integrated 
with the feeding habits study by RU 553. Further, it is presently envi
sioned that RU's 552 and 553 will simultaneously utilize the same vessel. 
The same suite of fishing gear types (described later in this section) used 
by this RU in FY 78 will be used in FY 79 as far as possible; however, cer
tain gear types (tow net, gill net, trammel net and beach seine) may not be 
used or used only opportunistically due to inclement weather and/or freez
ing conditions. Other gear types (try net, trawl, and mid-water trawl) are 
less subject to weather limiting their use. This suite of fishing gears is 
designed to provide sampling of all habitat types in each study area. Ap
proximately 120 stations will be occupied in the Marmot-Chiniak Bay areas 
and 112 stations in the Kiliuda-Sitkalidak Straits area during each survey, 
at a maximum (Table 1). This RU will have the further responsibility of 
establishing sampling design, conducting sampling and providing samples to 
RU 553 for trophodynamic analyses. 
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Figure lA - Izhut Bay sampling region with 10 fathom (18.29 M) and 20 fathom (36.58 M) 
contours and sampling strata as utilized by R.U. 552 & 553 on Kodiak 
Nearshore Fish Assessment Study, 1978. 
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Figure lB.- Kalsin Bay sampling region with 10 fathom (18.29M) and 20 fathom 
(36.58M) contours and sampling strata as utilized by R:U.552 and 
553 on Kodiak Nearshore Fish Assessment Study, 1978. 
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Figure lc - Kiliuda Bay sampling region with 10 fathom (18.29M) and 20 fathom (36.58M) contours and sampling strata as 
utilized by R.U.552 and 553 on Kodiak Island Nearshore Fish Assessment Study, 1978. 
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Specific methodologies and procedures for this work are as follows: 
1. Data will be obtained during 2 one month to five week surveys , 

(October-November and February-March). 
2. Each survey shall include four study areas as follows (Figures 1 A -

1 Dt 2): 

a. Izhut Bay - inside of a line betw~en Pillar Cape and Peril 
Cape. 

b. Kalsin Bay - inside of a line between Broad Point and Isthmus 
.I Point. 

c. "Kiliuda Bay- inside of a line between Pivot,Point and Shear
water Point. 

d. Kaiugnak Bay - inside of a line between Cape Kiavak and Cape 
Kasiak. 

3. Surveys will utilize a 60-80 foot seine vessel for primary logisti
cal support as well as for cert.ain fishing operation (Le. try net 
and tow net operations and otter trawl operations). 

4. Nearshore fishing operations will require the fulltime use of one 
14-16 foot skiff equipped w~th a 25 h.p. outboard engine as well as a 
16-18 foot skiff equipped with a'70 h.p~ outboard engine to be used 
in conjunction with the large vessel for tow net operations. 

5. Each study area will be sampled in respect to sampling strata design-
-

ed -to insure adequate sampling distribution (See Figures,l A - 1 D). 
Actual sampling sites for each gear type will r~m~in identical with 

pr1or1t1~ed 
those employed in FY 78 studies. The follow1ngtsu1te· of gear types 
will be fished; these gear types were selected on the,basis of their 
composite ability to catch fish species throughou~ the nearshore zone 
and priority is based on weather limitations of each gear (Tables 1 & 2): 
a. Beach seine: 155' - tapered from wings to 12' at centert ~~~ 

mesh throughout. Fish in extreme nearshore areas, primarily sandy 
beaches, at 0-2 fathoms. 

b. Trammel net: 150' X 6' (3 panel). 
c. Variable mesh gill nets:~~~ - 2~" mesh- floating & sinking. 
d. Tow net: 10' X 20' X 43'. 
e. Try net: 20' try net with 1~" X 9' webbing throughout. with 15" 

X 30" otter boards; 3 to 15 fm smooth bottom. 
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f. Standard 400 mesh East~rn Otter Trawl: fished from a large 
vessel. 

This priority listing will be negotiated between ADF&G and the Pro
ject Office to define a minimum sampling effort per bay. 

Table 1. Estimated sampling intensity by gear type for each monthly survey. 

# of Hauls by Gear 

# of GN/ 
Area Regions B.S.* Tml.Net Mwt. Tow Net Try Net 

Otter 
Trawl 

Izhut Bay 4 18 15 4 16 13 3 
Kalsin 2 12 11 4 11 8 
Kiliuda Bay 4 16 14 5 18 6 3 
Kaiugnak Bay 2 12 9 2 8 2 

Totals 

* 

Per Survey 12 58 49 15 53 29 6 

Per 2 Surveys 116 98 30 106 58 12 

B.$. 
GN 
Tml 
Mwt. 

Beach seine 
= Gi 11 net 

Trammel net 
= Midwater trawl 

6. Exact location fished by each gear type in each sampling region will re
main identical with those for each type in the FY 78 surveys and con
sistent between surveys; additonal sets by various gear types may be 
added if time permits. While precise sampling stations for each gear 
type cannot accurately be depicted here, they conform to the depth 
ranges and habitat type for each shown above. Distribution of sampling 
effort by gear type in each sampling area is based on allocation by 
strata and available time. Precise location of sampling stations with
in strata 'for each gear type must be based on suitable bottom topography, 
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Table 2. Sampling specification for Kodiak nearshore finfish assessment study 
R.U. 552. 

Sampling design 
1). Locations or bay.s (number of regions in bay) 

a. Ishut Bay (4) 
b. Ka 1 sin Bay ( 2) 
c. Kiliuda Bay (4) 
d. Kaiugnak Bay (2) 

2). Months, 2 (October-November and February-March) 
3). Habitat (gear) 

a. Nearshore, less than 10 fm (beach seine, trammel net, try net, gill net). 
b. Epipelagic 10-20 fm (tow-net, mid-water trawl, try net). 
c. Demersal, greater than 20 fm (otter trawl, mid-water trawl). Try-net 

also used in this zone to obtain special king crab samples for R.U. 5. 

4). Life history stage (juvenile and adult, size class). 
5). Species (tentative to he modified from early sampling results according 

to abundance in catches). 
Primar_y ·speCies Habitat 

a·) Pacific sand lance nearshore epipelagic 
b) Capel in II II 

c) Pacific sand fish II II 

d) Masked greenling II 

e) Rock sole II II demersal 
f) Great sculpin II 

g) Ye 11 owfin sole II 

h) Flathead sole II 

i) Pacific cod II 

Secondary species (sampled as catch permits) 
a) Pink sa.lmon II II 

b) Chum salmon II II 

c) Snake prickleback II 

d) Rock greenling II 

e) Irish Lord II 

f) Walleye Pollock II 

Sample size will be 40 fish per region (12), per month (5), per habitat type, 
(1-2) per life history stage, (2)for each primary species. 
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bottom type and depth~ although all efforts are made to distribute 
effort within strata for each gear type as evenly as possible. The 
sampling strat~ and depth contours within each bay are shown in. 
Figures 1 A - 1 D. 

7. The numb~r of sampli~g.regions in.each study .area and the,number of 
sets .made per gear. type in each survey is shown in. Table L This 
time schedule is based.on allotting two days per strata per survey. 

8. It must be stressed that while,all efforts:will be made· to maintain. 
the FY .78 sampling .intensi.ty for each gear type shown· in Table 1, 
the foul weather and/or· sea conditions prevalent during winter 
months may quite·possibly preclude {partially or entirely) use of 
certain gear types due ~to obvious safety considerations. The otter 
trawl , try net and mj,dwa~er. trawl can be used in most cases. Tow 
nets will.be somewhat ~ubj~ct to weather {primarily rough seas) but 
not as much as trammel nets and gill nets which must be operated· 
from 14-16 foot skiffs, often in rocky areas with heavy kelp growth. 
The beach seine can ~s·ually be fished if the crew is able to c~nie a-'. 
shore .. Use of these latter:three gear types can also ·be precluded by 
sub-zero temperatures when the webbing freezes immediately upon ieav
ing the water. Hypothermia is a constant threatduring sma·n boat. 
fishing operations in winter months and all precautions wi-.11 be taken 
to guard against it. 

9. Sampling will be conducted by four scientific personnel (2 from FRI 
and 2 from ADF&G in addition to the vessel crew. 

. . ' . 

10 •. The 4 person scientific crew. work in two 2-person teams; one to han-
dle beach seines, trammel nets, gill nets and. tow nets from the open 
skiff and the other to remain on-board the large vessel .to handle the . . . 
tow net, try~net and mid-water trawl. In most cases these two crews 
will be able to operate simultaneously. 

11. Catch processing (i.e. species .identification. enumeration, sub
sampling, measuring, weighing, foregut removal) will be done immedi
ately following fishing operations whenever possible. When not pos
sible, large fish will ·be· processed in the field, their data recorded 
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on appropriate forms and the remaining catch preserved and sent to 
Kodiak laboratory for final analysis. or species identification. 

12. Sample handling (beach seine, tow net, gill net, trammel net, and 
try net). 

While the net;is being fished~·haul data will be recorded on the File 
type 023 Format. Sma 11 catches wi 11· be sorted immediately by 
species and life history stage. From large catches, the obvious, 
large, infrequent species will be sorted.out immediately and there
mainder of the catch will be subsampled and preserved or subsampled 
and sorted depending on time available. Preserved samples will be 
sorted at a later time by species and life history stage. Total 
counts and weights by species will be taken and recorded. 

13. Catch and data handling procedures are outlined sequentially in Fig
ure 3; All data will be recorded on the appropriate O'CSEAP/NODC data 
formats and in accordance with approved data management procedures. 

14. Samples for trophic studies will be collected cluring the nearshore 
sampling effort as. per Table 2, Section 5. Approximately 2000 fish 
will be sampled for this purpose. 

Otter·Trawling Procedures 
. . 

1. Otter trawling will be accomplished in the Izhut and Kiliuda Bay study 
areas. One day in each of these areas will be utilized for this sam
ling during each survey. 

2. Trawling will be done using a standard 400 mesh Eastern otter trawl. 
A minimum of three biologists, one from RU 552, one from RU 553, and one 
from RU 5 will be on board. These sampling operations will be directed 
by RU 552. The vessel will schedule one day in each study area per 
survey for this work. 

3. All otter trawling will be done at depths from 20 - 50 fm. A total of 
three-hauls'will be made dailY~wo at less than 30 fm and one between 
30 and 50 fm. Exact locations will be made identical to those used by 
RU 552 and 553 and remain as .consistant as possible between surveys to 
insure comparability. 

4. All hauls will be one nautical ·mile in length and, as far as possible, 
be made in a straight line. 
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Figure .3 ... (Cont.) 
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5. Catch weights will be obtained to the nearest 5kg as they come a
board the vessel. Prior to subsampling, all "large fish" such as 
Pacific halibut, skates, large cod, etc shall be removed. A sub
sample of the remaining catch will then be. randomly selected. Sub
sample selection will. be accomplished by_dumping the catch onto. a. 
15 1 X 20 1 canvas. and a: rope under ~he. canv~s • wi 11. be 1 i fted to sep-. 
arate out the desired size subsample (notexceeding 200 lbs.). The 
number and combined weight of all fish of.each species in this sam
P 1 e will be determined and recorded. 

6. Those species determined as "primary species" (not more than 100 
specimens of each) will be measured by standard length to the near
est centimeter. 

7. All data obtained will be recorded on the File Types 023 format, 
keypunched, varified and submitted to the OCSEAP, Juneau Project Of
fice as per Figure 3 and required data submission schedules. 

The fishing gear types l,isted above for useby_ADF&G to co~duct nearshore 
fish assessment studies have been selected so as to sample fish species from 
the entire water column. The gear types and specifications given are of 
proven effectiveness and have been used by this agency on prior studies in 
this and other areas. These gear types will be fished in respect to the sam
ling regions enumerated in Table 1, and in those depth zones and bottom types 
appropriate to each~ A two-man crew will be deployed from the· large vessel 
in a 16-18 foot skiff to fish beach seines, floating and sinking gill nets, 
and trammel. nets. These latter three gear types will be utili zed from out
side the intertidal.zone to 4 or 5 fathoms depth, and are especially effec
tive in areas of rock and kelp; a beach seine will be fished from the beach 

. . 

and is the primary gear for sampling the intertidal zone. The large vessel 
wi 11 fish three gear types in waters from 5 to 20 fathoms depth with the tow 
net, try-net, and a mid-water trawl; these gear types will sample the surface, 
bottom and mid-water regions of the study areas, respectively. The try~net 
and mid-water trawl will be fished with the large vessel only, whereas the 
tow net will require assistance ·by the 18-22 foot skiff to hold th~ net iri a 
proper fishing configuration. Sampling for benthic finfish species will be 
with the standard 400 mesh eastern otter trawl from the M/V COMMANDO immedi
ately offshore from this nearshore sampling. Sampling techniques for each 
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gear type will remain consistant to insure comparability. 

Precedures employed by this study component to insure quality control of da
ta products are described in detail in Figure 3. As all data from FY 79 
field studies will be included in the comprehensive report scheduled for 
completion by October 1, 1979, a description of analytical methods and stra
tegies· is the same as that shown in Study 1 of this section. The methodology 
is designed to meet the primary objective of the RU as stated in Section V of 
this Technical Proposal. The primary instrumentation required to conduct 
Study 2 will be the navigational instruments aboard the charter vessel which 
determine position, depth, wind direction and speed. These are calibrated at 
least annually. Water temperature and salinity will be obtained from a port
able Yellow Springs Instrument Co. Model 33 temperature salinity meter. 

Study 3 
Spawning assessment of coastal and nearshore finfish species: The study area 
for this work component will include the coastline of Kodiak Island 1 s east
side from Tonki Cape to Cape Sitkinak. The study will consist of two compon
ents: aerial surveillance and ground truth surveys, components 1 and 2, re
spectively. 

Component 1 will consist of low level flights along Kodiak•s eastside conduct
ed bi-weekly from April 25 through July 15 (Figure 4). A total of six flights 
each lasting eight hours will be conducted. This time period is chosen to 
correspond with forage fish (herring and capelin) spawning. The study area 
will be subdivided into numbered survey areas. Activities of all flights will 
be documented on File Type 057 format. Forage fish school locations will be 
recorded and approximate size will be subjectively estimated from photographs. 
The summarization of this observational data will provide spatial and temporal 
distribution information of forage fish spawning aggregations. However, spe
cies determination generally is not possible with this technique. 

The basic methodology and strategy of Component 2 ground truth surveys will be 
utilization of highly mobile field crews equipped with camping and standarized 
fishing gear to sample fish located by aerial surveilance. These crews will 
operate from base camps which will be fished consistently throughout the sea
son, however, the crews will be available for travel to new spawning locations 
as determined by ongoing aerial surveilance. Sampling will be done with two 
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basic types of fishing gear: a 150' beach seine and a five panel variable 
mesh gill net. The specifications of these gear types will remain consistent 
with those used in Study 2 for comparative purposes. These crews will be e
quipped with rubber rafts for offshore fishing when necessary. A total of two 
2-person crews will be deployed, one located on the Trinity (Sitkinak and Tu
gidak) Islands and the other will work on Kodiak Island's eastside. Prospec
tive base camp locations are near the Sitkinak Loran Station on Sitkinak Is
land and the other will rotate between Barling Bay in Sitkalidak Straits, and 
the Alaska Department of Fish & Game hatchery facility at Izhut (Kitoi) Bay 
(Figure 4). These are areas where intense spawning is expected, however, the 
crews will be moved to adjacent areas in response to spawning activity detect
ed during aerial surveillance (Component 1). These-crews .will begin field 
work with the commencement of spawning and continue until spawning has termin
ated. 

Field activities will consist of fishing with the two gear types, and descrip
tion of spawn location and density. Species composition of fish sighted from 
the air will be provided by the 'fishing operation. In addition, samples of 
herring and capelin will be taken for age determination to provide age class 
structure and age at maturity. 

Field collections of fish will be handled as in previous work (Study 2), in 
addition age structures of up to 800 herring and capelin will be collected at 
each ground sampling site. To ensure adequate sample size for age analysis, 
very large samples will be selected from initial catches and smaller samples 
taken once the total sample exceeds 400, as per Table 3. 

The following sampling criteria will be adherred to: 
1. Within a given test site, nets will be fished in consistent locations 

whenever possible. Fishing will be conducted day and night. 
2. Scales shall be removed from each herring at field camps and put into 

envelopes for later mounting and reading. Some direct mounting of 
scales from whole specimens shall be done in the field when deemed pos
sible by the crew leader. 

3. All capelin sampled shall have otoliths removed, placed in small vials9 
and fixed in 50% alcohol. Ages of capelin will be ascertained later at 
the Kodiak laboratory facility. 
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Table 3 - Subsampling scheme for herring and capelin ground.truth studies 
R.U. 552, F.Y.79. 

Number Sampled-Total for Test Site 
1-400 
400-600 
600-800 
800-1000 
1000-1500 
1500-2000 
Greater than 2000 

Sub.:.sample (Herring and Capelin) 
All 

1 in ·2 
1 in 3 
1 in 4 
1 in 6 
1 in 10 
1 in 15 

' ' 

---------------------------------------------~-------~------------------

Sub-Sampling Scheme (all other species) 

1-200 
200-1000 
Over 1000 
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4. All fish will be measured to the nearest millimeter herring in stand
ard length, and capelin in fork length. 

5. Whole body weight of ~ll fish sampled will be recorded to the nearest 
whole gram. 

6. Sexual maturity will be determined of all fish sampled. Gonad maturity 
will be·measured 'With the fo·llowing subjective scale: 

I= Gonad thread-like. Sex hard to determine. An immature fish. 
II = Gonad ribbon-like. Sex determinable. An immature fish in early 

maturation stage. 
III = Gonad at least 1/5 size of coelom. Either a fish in early matur

ation stage or a mature fish approaching a pre-spawning condition. 
IV = Gonad size of body cavity, yet membrance intact and vasculariza

tion complete or nearly complete. 
V = Sex products can be producted from vent with GENTLE pressure .on ~b

dominable walls of,fish. Vascularization beginning to reduce, and 
ovarian and testian membranes beginning to reassimilate. 

VI = Sex products flow freely. In ready spawning condition. 
VII = Spent. Sex difficult to determine. 
VIII= Recovering adult. Gonads present, yet small. 

Sampling adequacy is difficult to define. Based on our three years experience 
with this type work, the amount of aerial survey effort planned and the 800 
fish sample from each test fishing site should be adequate. Past experi~nce 
has shown. for example, that an excess of BOO fish in a size frequency.sample 
of herring from the surveilance does not significantly change the indicated 
age class composition, size modes or size at age relationships. 

In addition to the forage fish test fishing activities:described above,., 
ground truth surveys will also include determination of the extent of egg. 
deposition on the spawning grounds by capelin and Pacific herring. The pur
pose in this work component is to verify spawning, study the extent and inten
sity of spawning on various substrait and beach types, and determine the sub
strait preferred by these two major nearshore pelagic fish species. 

As eggs of herring have been shown by Kuhnhold (1969} to sustain a high mor
tality when contacted by even low concentrations of crude oil, assessment of 
the abundance of developing fish eggs on major spawning grounds in potentially 
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impacted areas is critical to OCSEAP needs. 

Assessment of spawn deposition must necessarily be conducted in two ways as 
herring spawn on kelp and capelin spawn in sand. In both cases beaches will 
be mapped with all vegetative and beach types delineated and noted. Areas 
of intense kelp growth will be di·v.ided into transect lines. perpendicular to 
the beachline and spaced ten meters apart; these transects will be walked 
daily with the extent and density (number of eggs per square centimeter) be
ing noted and mapped. The delineation and intensity of capelin spawning will 
be determined by obtaining 30cm deep sand cores of a constant volume r::.ver,y 30M 
along transect lines perpendicular to the beachline spaced 30M apart. Eggs 
will be separated from these samples by floatation and enumerated. The re
sulting densities of herring and capelin eggs will be depicted on the beach 
and vegetative maps and plotted in repsect to tide stages. Dependent on the 
nature and variance of the data at that point. appropriate statistical tests 
will be employed to show if correlations exist in respect to species prefer
ence for habitat type. tide level, time of day, etc. 

Data from ground truth surveys will be used to determine age-weight-length 
relationships from representative subsamples of the various species. Age 
group analyses will be performed by age determination from scales or otoliths 
(depending on species) obtained from catch samples. The primary analyses en
visioned in this study would be determination and presentation of seasonal 
and/or spatial fluctuations in abundance, distriubtion. and age group compo
sition. As this study is descriptive. statistical comparisons are not anti
cipated. Analysis of aerial surveys will primarily utilize the number of 
forage fish schools seen per kilometer flown as a measure of abundance per
unit-effort. These values will then be presented by survey and between sur
veys to describe spatial and temporal abundance of spawning forage fish 
schools. 

VII. Deliverable Products: 
A. Digital Data 

1-2. Listings of File Types 023 and 057 data parameters, as well as 
the value ranges for each, are shown in Tables 4 & 5. 

3, Sample handling and d~ta varification procedures for data ob
tained7 recorded and submitted under File Type 023 and 057 for
mats are shown in Figures 3 & 5 respectively, 
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Table 4- Definition of File Type 023 digital data.parameters utilized in 
propsoed work for R.U 552 in F.V.78 

Record T~~e Headers - All Record T~~es 

COLUMNS INDENTIFICATION ATTRIBUTES FORMAT RANGE 

1-3 File Type 'I3 XXX 023: 

4-9 File Identification I6 XXX XXX ' 050178-113078 

10 Record Type I1 X 1-8 

Record T~~e 1 - Haul Record·· 

11-12 Agency Code l2 XX 21 

13-14 Vessel Code · A2 XX 02-30: A-X 

15-16 Cruise Number A2 AX NiA 
17-19 Haul or Set Number 13 XXX 0-999 

29-35 Latitude A7 XX.XX.XXA 56°00'00 11 N-59°00'00 11 N 

36-43 Longitude AS ixx.xx.xxA 152°00'00"W-154°00'00W" 

44-49 Date (GMT) I6 x-xxxxx 780401-780831 

50-53 Time (GMT) 14 xxxx 0-2400 
54-55 Gear Type Code I2 XX 10-92 

56-58 Duration of Fishing !3 XX.X Hrs. 00.1-36.0 
59-61 Distance Fished 13 xx.x Krn. 00.0-03.0 
62 Direction of Tow 11 X 1-9 
63 Performance Code 11 X 0-8 

70-73 Mean Bottom Depth 14 XXXX M 0-275 
76 Sounding Record l1 x {Blank) 1-3 

77-78 Bottom Trawl Type 12' XX 00-40 

79-80 Bottom Trawl Accessories 12 XX 00-32 

81-84 Scope or Warp Used 14 XXXX M . 0-1225 

89 Present Weather 11 X 0-9 

90 Cloud Amount :11 X 0-9 

91 Sea State 'Il X 0-9 

100-104 Sequence Number 5 XX XXX N/A 
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Record Type 2 - Trawl Gear Record 

COLUMNS I DENT! FICA TI ON . ATTRIBUTES FORMAT RANGE 

1-12 · Agency Code . · I2 XX 
. ' 13-14 Vessel Code . A2 XX 

15-16 Cruise Number ''' .. A2 · XX ';I 

17-19 Haul or Set Number I3 XXX 
20-21 Gear Type Code I2 XX 
22-24 Opening Height-Trawl I3 XX.X M 
25-27 Opening Width of .Trawl I3 XX.X M 
28-30 Overall Trawl Length I3 XXX M 
31-32 Codend Length .12 XX M 
33-34 Footrope Length I2 XX M 
35-36 Headrope Length I2 XX M 

37 Gear Material Code 11 X 
38 Opening Mesh. , .. , Al X . . : ' 

39 Average Body Mesn 11 X 
40 Codend Mesh 

'' 
11 X 

41 Codend L i n.er, 11 X 
42-43 . Number of Floats I2 XX . . . 

44-45 Float Diameter I2 XX em. 
46 Tickler 11 X 
47 Roller Gear 11 X 

48-50 Length of Bridles I3 XXX M 
51-52 Length of Doors I2 X.X M 
53-54 Width of Doors I2 X.X M 
55-58 Warp Length I4 XXXX M 
59-62 Depth of Gear I4 XXXX M 

100-104 Sequence Number I5 X XXX X 
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COLUMNS 

11-12 
13-14 
15-16 

17-19 
20-21 
26-27 
34 
39 

40 
41-42 
43 

44 
65-68 
100-104 

11-12 

13-14 
15-16 
17-19 
24-33 
34-41 
42 
43-48 
49 

50-59 
100-104 

-36-

Record Type 3 - Miscellaneous Gear Record 
lDENTIFICATION ATTRIBUTES FORMAT RANGE 

21 Agency Code I2 XX 
Vessel Code A2 
Cruise Number A2 
Haul or Set Number I3 
Gear Type Code I2 

Net Depth I2 
Gear Material Code I1 
Seine - Average Body ~1esh 11 

Seine - Bunt Mesh I1 
Gillnet, No. of Shackles I2 
Gillnet, Material Il 

Mesh A1 
Depth of Gear 
Sequence Number 

I4 
I5 

XX 

XX 
XXX 
XX 
XX M 
X 
X 
X 
XX 
X 

A 

XXXX M 
xxxxx 

02-24: A-X 
N/A 

000-999 
10-92 
0-19 
0-2 
0-9 
0-9 
1-20 
0-2 
0-9: A-D 
0-183 

N/A 

Record Type 4 - Species Catch Record 

Agency Code 
Vessel Code 
Cruise Number 
Haul or Set Number 
Taxonomic Code 

I2 

A2 
A2 
13 

110 

Total Weight by Species I8 
Weight Determination I1 
Total Number by Species I6 
Number Determination I1 
Total Weight by Species I10 

Sequence Number I5 

XX 
XX 
XX 
XXX 

xxxxxxxxx 

21 

02-24: A.-X 
N/A 

0-999 
.]J 

xxxxxx.xx kg. ~ 
X 1-2 
XXXXXX N/A 
X 1-3 
xxxxxx.xxxx ~ 

XXXXX N/A 

Jj NODC Taxonomic Codes- March, 1977. 

~ Total Weight of species recorded in Columns 34-41 for large trawl hauls 

where .01 kg accuracy is acceptable. In catches by smaller gear types 

where single fish are frequent and more decimal places are necessary, the 
total weight by species will be recorded in columns 50-59. 
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COLUMNS 
1-32 
33 
34-37 

38-41 
42 
43-44 
100-104 

1-32 
33 
34 

35-38 

39-44 
45 
46-47 
48 
49 
50 
51 
52-57 
100-104 
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Record Type 5 - Length Frequency Record 
IDENTIFICATION ATTRIBUTES FORMAT 

The same as in the Species Catch Record - (Record Type 4) 

Sex I1 X 0. 1. 2 
Length of Class in mm 
Length Frequency 
Length Sample 

I4 
I4 

I1 
Size of Length Class in mm I2 
Sequence Number I5 

xxxx 
xxxx 
X 
XX 
XXX XX 

Record Type 6 - Individual Biological Record 

0-2000 
0-200 

2. 4 
1-50 
N/A 

The same as in the Species Catch Records - (Record Type 4) 

Sex 
Maturity 

Length 
Weight 
Weight Determination 

Age 
Age Structure 
Age Determination 
Sample Type 
Data Type 
Small Fish Weight 
Sequence Number 

I1 
I1 
I4 
I5 
I1 
I2 

I1 
I1 
I1 
Al 
I5.1 
I5 

Record Type 8 - Comments 

X 

X 

xxxx 
XXX XXX 
X 

XX 
X 

X 

X 

X 

xxxx.x 
XX XXX 

0. 1. 2 

1-5 
1-2000 
0-100,000 

1. 2 

0-40 

1. 2. 3 

1. 2 
1. 2. 3 

1-9. A-F 
0-5000.0 
N/A 

1-19 The same as in the Species Catch Record - (Record Type 4) 

20-99 Comments ABO XX etc. N/A 

101-104 Sequence Number I5 XXX XX N/A 
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Table 5 - Definition of File Type 057 digital data parameters with value ranges 
for each utilized in proposed work for R.U. 552 in F.Y.79, 

COLUMNS 

1-3 
4-9 
10 

11-16 
17-20 
21-23 
24-30 
39-45 
31-48 
46-53 
54-59 
60 
61-74 

11-13 
14-20 
21-28 
29-31 
32-34 
35-37 
38 
39 
40 
41-42 
43-44 
45 
46 

Record Type Headers - Identical for all Record Types 

I DENT! FICA Tl ON 

File Type 
File Identification 
Record Type 

Survey Date 
Time Begun 
Elasped Time 
Latitude Survey Begun 
Lati'tude Survey End 
Longitude Survey. Begun 
Longitude Survey End 
Aircraft Number 
Aircraft Type 
Observer - Last Number 

ATTRIBUTES 

I3 
I6 
I4 

I6 
I4 
13 

A7 
A7 
A8 
A8 
A6 
I1 

A14 

Record Type 2 

Census I3 
Latitude of Census Area A7 
Longitude of Census Area A8 
Length of Census Area I3 
Altitude I3 
Airspeed I3 
Cloud Cover Il 
Visibility I1 
Sea State I1 
Weather Code I2 
Wind Direction 12 
Air.Roughness I1 
Fishing Type Seen 11 

620 

FORMAT 

XXX 
XXX XXX 
X 

xxxxxx 
xxxx 
xx.x 
XXXXXXA 
XXXXXXA 
XXXXXXXA 
XXXXXXXA 

. xxxxxx 
X 

RANGE 

N/A. 
N/A 
1-4 

)8501-780930 
0001-2400 
00.1-10.0 
553000N-590000N 
553000N-590000N 
1513000W-1560000W 
1513000W-1560000W 
N/A 
1-9 

XXXXXXXXXXXXXX N/A 

XXX 
xxxxxxA 

. , 
XXXXXXXA 
XXX km 
XXX M 
XXX km/hr 
X 

X 

X 

X 

XX 
X 

X 

0-48 
55~000N-590000N . 
1513000W-1560000W 
015-250 
050-6000 
100-300 
0-9 
0-9 
0-9 
0-9 
0-9 
1-3 
1-4 
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Record Type 2 (cont.) 
COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

47 Fishing Gear Seen I1 X 1~4 

48 Tide 11 X 1-4 
49 Survey Rating Index 11 X 1-5 
50 Turbidity 11 X 1-4 

Date of Observation 
{in GMT) 

51 Year 12 XX 00-99 
53 Month I2 XX 01-12 
55 Day 12 XX 01-31 

Time of Observation 
(in GMT). 

57 Hour I2 XX 00-23 
59 Minutes 12 XX 00-59 

Record Type 3 

11-13 Census Area 13 XXX 0-48· 
14-17 School Number I4 xxxx 0000-05000 
18-24 Latitude A7 XXXXXXA 553000N-590000N 
25-32 Longitude AB .· XXXXXXXA 1513000W-1560000W 
33-36 School Location 14 XXXXM 0-1500 
37-46 School Species . 110 xxxxxxxxxx N/A1J 

·, ' ~ f, 

47 ~chool Activity 11 X 1-3 
48-52 School Size 15 XXXXXM2 (not used) 
53 Beach Type I1 X 1;5 
54 Biota Type 11 X 1-5 
56 School Size Index Al A S,L~M,U 

57-58 No Schools Seen A2 XX 0-50 

1J NODC Taxonomic Code - March, 1977. 
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Record Type 4 

COLUMNS IDENTIFICATION ATTRIBUTES · FORMAT RANGE 

11-13 Census Area 13 XXX 0-48 
14-76 Explanatory Text A63 xxx ... xx N/A 
77-80 Sequence Number 14 xxxx N/A 
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B. Narrative Reports 
Other than required quarterly and annual reports~ preparation of ad
ditional narrative reports is not anticipated at this time. In the 
event special reports are required by OCSEAP, as was the case in FY 76, 
they will be complied with, In this event, however, it would be ap
preciated if lead time of at least six weeks is given. The only other 
narrative reports pos~ibly resulting from this proposed work would be 
formally published papers of an opportunistic nature depending on 
findings (species range extensions, newly developed sampling methodol
ogy, etc.). In these cases, however, all stipulations in Parts I & J 

of Section XIV (Standard Statements) will be adherred to. 

C. Visual Data 
All visual data products produced in conducting studies proposed here 
will be incorporated in quarterly or annual reports, These products 
will include maps showing spatial and temporal distribution of prin
cipal species by life stage and distribution of sampling sites in the 
study areas in respect to time period and/or habitat type. Photos of 
the study areas may be included to show the various habitat types, 
fish species obtained, various phases of sampling activity and method
ologies utilized. Data on life history parameter (i.e. spawning ar
eas, growth rates, spatial and temporal distribution, species and age 
class composition, mortality rate, etc.) will be depicted by computer 
or hand produced graphic methods, as well as narrative discussion. 
Depending on results, comparative data on other biological parameters 
may be presented through graphic, tabular or pictoral means. All 
maps submitted in conjunction with narrative data will be supplied on 
standard maps of the appropriate scale reduced to ~~~ X 11" paper. 
In addition, these map products will be supplied as transparent mylar 
film overlays in an appropriate scale labeled with the .appropriate 
.information to define the origin and interpretation of the map. 

D. Other 
Submission of other forms of digital or non-digital data products 
other than those mentioned in A, B, and C of this section is not an
ticipated. 
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E. Data Submission Schedule - Table 6. 
See attached Data Products Schedule. 
Digital data on spatial and temporal distribution and abundance of 
pelagic and demersal fish species will be submitted to the Juneau 
Project Office on magneti~ disketts in.accordance with required sche
dules. In addition, in..,depth analyses of these data \'lill be present
ed in tabular, graphic and narrative form in quarterly and annual re
ports. Graphic presentations of species distribution and abundance, 
potentially shown as i sor*ths, wi 11 be prepared in a manner that 

. ' 

these data may be compared over various time periods. ·Analyses of 
these iso~ths will be discussed in accompanying narrative reports. 
Detailed appendix tables of all data presented will be included in re
ports as a supplementary data product. 

VIII. Special Sample and Sample Archival Plans 
Voucher specimens will be obtained, handled, preserved and cateloged .gen
erally in accordance with procedures for this purpose required by the 
OCSEAP Project Office, Llune\lu. As freezing facilities aboard vessels and 
at field camps will be limited, all specimens retained will be preserved. · 
Preservation of fish samples will employ a solution of ten parts water to 
one part formalin as well as 70% ethyl alcohol (following dehydration) as 
primary fixatives and preservatives. Household borax (one teaspoon per 
quart) will be.added to these soluti9ns when used as preservatives in or
der to provide buffering and retard shrinkage. In general, specimens 
more than a few inches in length·will have an incision made on the right 
side of the abdomen to facili~ate penetration of the preservative. The 
cut will be about half as long as, the bod/cavity and ma~e with a very 
sharp knifef Fish heavier than three pounds will be prepared for preser
varion by making a deep incision into the muscle mass on each side of the 
vertebral column, operating from inside the body cavity. Specimens re
tained for archival will be retained in formalin for two to three days, 
soaked in water for a minimum of two days (water being changed at least 
once during this period) and dehydrated to 70% alcohol. One change of 
70% alcohol will be necessary prior to final preservation in order to pre
vent color loss. All specimens preserved in the field will be initially 
retained in wide .moutn 11 Nalgene 11 bottles of appropriate size, completely 
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immersed in preservative and covered with a leakproof closure. Specimens 
for archival will be placed in glass bottles or jars for final retention. 
Specimens will be transferred to the California Acedemy of Sciences for 
permanent archival at the option and direction of the OCSEAP Project Of
fice. 

IX. Logistics Requirements 
See attached logistics Requirements forms and Overview of Logistical 
Strategies. 

X. Anticipated Problems 
1. Timely consideration of this proposal is critical as, if accepted, 

some lead time will be necessary for the State of Alaska to accept 
new funding prior to project initiation, 

2. A timely decision on the charter vessel for the October - November 
FY 79 survey is necessary in order that plans can be finalized and 
equipment prepared, much of which must be with a specific vessel in 
mind. 

3, Inclement weather and icing frequently preclude.extreme nearshore 
(less than 10 fathoms in depth) pelagic and demersal fish sampling 
from open skiffs and in some .cases those of the charter vessel. For 
safety reasons, all extreme nearshore sampling in skiffs must be done 
with the large support vessel in proximity even though this may re
duce the rate at which work is accomplished. 

4. Conflicting demands upon the Principal Investigator's time generated 
by requests from OCSEAP, NODC, NOAA and Boulder for such items as 
special reports, generation of information for synthesis meetings, 
and review of synthesis documents, detract from the ability to satis
fy the contracted objectives. We recognize that the various demands 
satisfy a unique and special purpose and enhance the ability of NOAA/ 
OCSEAP to satisfy the needs of BLM. We enjoy the opportunity to con
tribute to these special needs, however it is difficult to plan for 
them. Consequently, our schedule for completion of contracted work 
is always being delayed. We request that OCSEAP offer as much advance 
notice of activities and description of needs as possible. This will 
help us plan how much time to devote to non-contract needs. 
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Overview of Logistical Strategies· 

Due to the complex and integrative nature of the logistic require
ments for RU 552, a detailed description of necessary logistical 
strategy and optional approaches is essential. While some of this 
information is necessarily included earlier in this proposal in 
order to adequately define sampling strategy, it will again be in
cluded in this discussion. Logistical strategy for RU 552 as pro
posed here can, for s~ke of description, be divided into two basic 
components: Fall and wi(nter nearshore finfish surveys and spring 
and summer forage fish assessment. 

Winter nearshore forage fish assessment surveys: 

Two nearshore fish assessment surveys will be conducted during the 
winter of FY 79, each lasting five to six weeks. The first will be 
conducted in October-November, and second in February-March. In 
order to attain the primary objective of expanding the time frame 
of the spring-summer FY 78 sampling into the fall and winter of 
FY 79, it is desirable to maintain sampling continuity and logisti
cal strategy used in FY 78 and shown in Section VI (Study 2) of this 

proposal. This strategy, which is based on allocating seven days 
(including travel time) per region per month and fishing the seven 
gear types in the manner and locations shown, would require full
time or nearly full time use of the vessel for 45 days and result 
in the sampling ihtensity shown in Table 1. This schedule contains 
enough flexibility to allow for 15 weather days (or days vessel use 
for other purposes) per region per survey. 

It is recognized that two major factors exist which may necessitate 
alteration of this plan ~ time constraints on vessel usage and in
clement weather. In view of these two potential constraints, we 
offer the following suggestions or options for dealing with them if 
and when they occur. 

A. Option recommended in event of time constraint on vessel 
usage other than weather- i.e. use by other projects: 
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1. Elimination of the Kaiugnak and/or Kalsin Bay sampling 
regions (in that order) from the two winter surveys. 
That would permit a 25% or 50% reduction in sampling 
intensity (Shown in Table I} and not affect the samp
ling continuity in the rema~ning sampling regions. 
Preliminary analyses of FY 78 data suggest little dif
ference in fish distributi-on between sampling regions 
at a given time. 

2. Conduct winter surveys in all four regions. but utilize. 
only the mor~ productive fishing gear types. 
These are try-net, otter trawl, beach seine, and possi
bly tow net. This would mean a 24% to 53% reduction in 
effort depending if the tow net were utilized. Each 
gear type utilized would be fished at the intensity 
shown in Figure 1, This strategy would have the advan
tage of permitting sampling in all four regions, but 
the disadvantage of sampling from each region not being 
comparable with those in FY 78. 

B. Options recommended when inclement weather prevents samp
ling at the intenisty originally planned~ 
1. Reduce the total suite of gear types utilized in winter 

surveys to only those which could be fished in most 
weather and use no other gears for the entire survey. 
These gear types would be otter trawl, try net, mid
water trawl, and beach seine. This strategy would have 
the advantage of comparability between sampling regions 
within the survey, but the disadvantage of winter sur
veys not being comparable to those in FY 78. 

2. Attempt to utilize all gear types as originally plan
ned, but have planned procedure for which gear types 
would be eliminated in the event that inclement wea
ther reduces available fishing time. In this event. it 
is recommended that only the following gear types be 
used as they are the most productive: try net, otter 
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tr&wl, beach seine, and tow net. If further time re
striction is necessary, it is recommended to elimin
ate the tow net. 

C. It must be recognized that modifications of any of these 
options maj be necessary due to particular field condi
tions at that time, and that the final decision for these 
modifications must rest with the ~ield Pa~ty Chief. 

In respect to the above options, we strongly recommend ad
hering as closely to ~he FY 78 strategy and sampling in
tensity as possible, primarily in order to insure data com
parability, If it is necessary to exercise optional ap
proaches, we recommend Option A-1 in the event of reduced 
vessel time and Option B-2 in the event inclement weather 
reduces available fishing time. It will obviously be ne
cessary to make a joint decision on these matters and we 
will be willing to negotiate for the best mutual decisions. 

Forage Fish Assessment: 

The strategy and logistical approach for this wprk compon
ent is described in Section VI (Study 3) of this proposal. 
Basically, this approach consists of two aspects - aerial 
and ground surveys. A total of six aerial surveys, each 
lasting approximately eight hours is proposed. Each sur
vey will extend from Tonki Cape south to Cape Sitkinak and 
be conducted at low level (1000 ft. - 305m) from light, 
single engine aircraft (Figure 4). Surveys will be con-
ducted semi-weekly from April 25 through July 15. Exact 
survey dates cannot be given at this time as they may 
change due to weather. All attempts will be made to con
duct surveys at exact two week intervals. 

Ground surveys will be conducted from these primary samp
ling sites located at Sitkinak Island, Barling Bay (Old 
Harbor), and Kitoi Bay by 2 two-person field crews. These 

. crews, which will be equipped with outboard engine powered 
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skiffs and complete camping equipment, will establish base 
camps and move to new portion of their immediate area 
where forage fish are spawning in response to reports from 
aerial surveilance. One crew will remain at Sitkinak Is
land, establishing .a camp at or near the loran station, 
while the other will rotate between the two stations on 
Kodiak Island proper - Barling and Kitoi Bay. It should be 
emphasized that these base camps are areas of expected in
tense spawning, and crews will be moved to adjacent areas 
as indicated b1 aerial s~rveilance. Movement of ground 
crews between sites will be primarily by inter-island 
scheduled flights (see CPF-2), with some assistance by sur
veilance·aircraft. 

The sampling intensity for forage fish assessment is con
sidered a minimal coverage due to funding limitation, as 
any less intensity would detract from achieving stated ob
jectives. If ~lteration of logistical requiremenis for 
this work component are necessary, however, we remain a
greeable to negotiate on these matters. 
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D. Prioritized List of gear types to be used, days necessary to complete 
work and weather limitations. 

Priority Gear Days Limiting Conditions 

1. Beach Seinea 2 1~' - 2' seas, daylight, 28-32°C, 
modest wind. 

2. Trammel Neta 1 2' - 2~' seas, daylight, 28-32°C 

3. Gill Neta 1 2' - 2~' seas, daylight, 28-32°C 

4. Tow Netb 1 1~' chop, 4'-5' swell 

5. Try Net 2 4'-5' seas 

6. Otter Trawl 1 41 -5' seas 

7. Midwater Trawlb 1 4'-5' seas 

a. Beach seine, trammel net and gill net may be worked on the same day or 
beach seine used on a separate day. 

b. Tow netting and midwater trawling may be conducted on the same day. 
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:'11',\~.l' fill .in <~ll t:p;t('\'!: or iud.i<:ate uol ;q•plil';tl•lt• (~:/A). ll~a~ Mldil.lollal 
r:ht•(·!~; a!: IH'('I:r:::;ll·y. Hlldj.l't.l.ltH• it<''''r; C'<llJr<'l:lllllg lo~~.i~:ti.r!: :;houl\1 be b:yl:<l 
to tIll' t'l'lt:V.lllt ilcm cll·~;c1: Hiecl 011 th<~::e fol·t.\:;. · 

James E. Blackburn 
l'RU:Cil'Al.lm'iSi.'IGi\TOit Peter _B. Jackson 

A. SIIIP SUJTOltT 
-----·-------·------'---------·-
1. 

2. 

·nel.i.nl'att: .. propc..•!:c·d tracb: ;md/or !;alllpl:ilii·. gd.cb. hy leg~ on n Clwi:t of the ;1rcn. 
Inclmll: a li!:t: of propo!:cd ~:lation g(~ogr:ti•h.ic po!:lt.ious. All.stations wittrin 20 fm. 
(36.58m). contour .of four study area shown in Figuores~.,.:;.;1A~;....:::.l~D_; .::.an:.;_.d::.:..:~2~·--------'----

llc!:c:ribc typer> of ob~crvntions to be, m~dc on t~ncks aml/or ilt c:1c:h grid station. 
Include ·a· d<:!:cr:tption· of shipbo.anl sampl:li1~ op,cra tiom:. · Jle a_r; ~pecific. and ,com-· 
prchcmiivc ns possible. Success1ye sets for vanous nearshore flnf1sn.spec1es w1th a 

----~v~ar~i~e~tv of sampling gear types. Specifics on ~ampling operations in Section VI, Study 2. 

3. 

''· 

5. 

lJhat iB the optimum time chronology of observations on a lcp, nncl seasonal h;wis 
nnd \v'hat it: the maximum nllo••ablc dep~rt:urc from the;,c optimum times'! (Key to 
chart prepared unclcr Item 1 \oJhen necessary for clarification.) 
Two 4 - 5 week surveys; one in October-Novem5er of 1978 and one in Feoruar~-March of 1979. 

llm-1 many sea days arc rca ui red for c.nch ] e~? ( As~:11mr> vr><:c:n 1 ,.,.,,.; .-·l ~~-~ !:~~:~~ ~:!: 

}/1 knots for NOM vessels. · Do not: include ninninf.: time from port to hC!ginnine 
point and from end point to port and do uot include a ••cathcr fnct:ol:.) 

28 actual fishing days for each of the 2 surveys. 

no you considet· your invcstir,iltion to be· the principal one fol: the operation thus 
rcquirinr, other nctivltics to pi~gyback or could you pir,gyback? R:U. 552 is a princi
pal operation which will provide samples fo.r R.U.553 in addition to satis:fvinqbits own 

• d . b . 1 f spec1f"ic o JeCtlVes. 
Approx.:unnt:ely hmo~ many vessel hours per ay \Hll c reqiiJ.rcc :or your ohservat::}.ons 
:mel ~ust these hours be clu:lnr, ~nylight:? lnclu~te an cstima_te of S{lmplinr,·-t:imc on 
stat1.on ancl s:tmplc proccss~nr. t~mc bet\-leen stat1.om:. Need 8 12 dayllght hours per Qay. 
Sampling time per station will vary between 20 min. and 3 hours depending on gear type. 

6. l:hat equipment and personnel \..rould you expect the ·ship to provlde? Trawl' doors and 
bottom trawl winch (hydrualic) with cable. Expect vessel to provide captain and at least 
one deck hand.:---------------------------------------------------------------

7• \~hat is the .approximate \~eight and voltHil~ of cquip1:1~nt: you \Jill bring? 

2500 lbs. 700 cubic feet 

8. 

·-----------
Will your d~t~ or equipment require spccinl handlin~? No 
dt'S<"rihC'. 
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. -- ·.·· .... ·--···-- .... - -·-·- --·-·- - ----------·5.1-- ------ ---- ·-·-···-·--····. ··-·· ·-·- . 
. ,. l.'tll. Y"" I t•quir··· ·"')' r.<~::t•!; awl/or d!l'UIICdl -~~ .... ·--·· If )'1':;, lh<:y :.11(1\ll.t hi;·~-.-----

hn::n·l tht~ !;hip J>l·.iot· to th•p:u:lurc h:o:n S!·attl(•. or tlt.1e nllow 1~d (m: :•hlpment: hy 
bm·ie. Formal in (30% solution) to be put aboara in Kodiak. 

------------------------------------- ---
10. Do you have n :•1dp }>t:nft:n~u~n, c-J.thcr NO:\/\ <•r non-t-:OAA? If "yN: 11

, pJ.<.!:ll;l! nnmc the: 
V($sd <mtl give the rNLnon fm:. no_ r-I>£!cify.lng. M/V COMMANDO vessel ideally suited for 
ne~rs.hore work. crew fimiliar with project and procedures, crew highly experienced in this 

_ ___!lpJU!.ork, reasongble daily charter rate,· 

ll. lf you 1:ecommcml tlw u~~c of 41 uon--t:OM ve!:m:l, what ill the: per r.ea dny charter 
'co~;t ;md h:tV(! you ve:dlicd it~• .availability? . Dai !Y charter rate of approxim9tely $1200. 
Vessel tentatively available according to skipper. Verification of availibility presently 
being pursued by OCSEAP Sub-Artie Project Office, Juneau. 

12. llow tnnny people Jnu~;t yotl ltnvn on l>oartl for co.ch let:? Inclmle ll l:l:;t: of pnr.tic:i
pnnt::.;~ fllH!cifically identifying any l-.'ho .nrc forci£n xwtionnls. Two biologists from 
R.U, 552- Leslie J. Watson and James E. Blackburn.· 
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.-52-------------------- ---- ------------- ·----------- ... ___ -- ·------·"'---.... --------.. ...... __ 
l. Jlt·.l itH•ilte pt:opw;(~d fli!~ht l1ner> on n c-ll:trt o[ tlw :tr!'<l, Jnd:ieal.r! dc•1:i1:C'd flJght 

;1llil\Hh• ou each line~. (tlot.e: 1[ fllgl1t:. ••n~ for tr."\JI!lpurl:<!tJon only, t'lHil:l: 
tmhr .• t:•Hion ir; not lll'C('£;::ary llllt origin :md c!<•!;tiu:lt.ion l'tdnl.!; nlwulcl lw.li:il:<!<l,) 

See Figure 4. 
--------------------------
J.. llt:Hc·t:lbc typt>~• of ob!'erv:1tiom• to be 1nnde. Repetitive low level (800-1000 ft.) flights 

over beachline of Kodiak Island's eastside with single engine aircrafts to enumerate the 
____ number f!.~d relative size_~~~pawni~g forage fish schools_. __ _ 

-
J. \·1h;,l i:• the op t.i.num t i.t':1t: chrouolo~~y o [ observation!: on a [;p;t~:on;l1 ha~;) :: and llhn 1: 

it• the~ uax.it::u,a allu;t;lhl\! dt:part.un'. fnHl thc!le opt.iJ:r\hil 't::i.nw!;? (Key l:o eharl: 
prcpan~d um.hn: lt.L~ll\ 1 \.Jhen neccs!.:ary for cl;Hifi<:atiou.) Six - 8 hour surveys conducted 
bi-monthly from April 20, 1979 - July 15, 1979 over trackline show in Figure 4. Surveys 
conducted approx. 4fl6, 5/7, 5/22, 6/7, 6/22. 7/7. · Duties may vary s l_i:::...gh_t_l:::_y_. ------

''- lloi-1 tn.:my days of fl:tr,ltt opcr<!tiom:; nrc required and hot-1' many flight: hour::; per <lay? 

Described in 3, above. 
'l'otnl flight hour!;? 

~,. ))o you con~;lder your ilWPntitation to he the principal one for the fl:i.ght, 
thus precluding other nct::i.vitien or .rcc;.uiring othe-r: ~ctiviticr:: to piggyh<}ck . 
piggybnck or could you l!i~~3yback?Pnnc1pal use requ1nng ful1t1me use ot· a1rcraft·wh1le· 
while under charter. Add1t1onal passengers not advisable due to low level, so.mewhat 
hazardous flying conditions. -----------------------------------------------· 

b. \·llwt types ot r.pccial equipment arc required for the aircraft (non <:nrr.y-on)? 
None. 
l-lhat: arc the l?cightn, d:imen!;ions, pot..rcr requirements, and :inst:allation 
problems unique to the specific cquipoent. 

None. 

7. Uhnt arc the lwir;hts, dimensions and pov1cr requirements of carry-on equipment? 

·5 lbs. - l/2 cu. ft. 

8. l·Htat type of n:trcraft is 'Lest suited for the purpose? 
Cessna 180, 185, or 210 equipp~d with floats. 

9. llo you recommend ~~ 80urce for t:lte aircraft? 
lf "yes", ple.:tnc JWmr~ tlw source <md the rcc.son for xour rcce>mmcndat;:i.on. Flyrite Inc: 
or Kodiak Western- Alaska Airlines due to local availabillty, pilot exper1ence & local knowledge 

10. \-!hat in the per hour ch.:tt'lcr. cost of the aircraft? 

$125/hr. 
--------------

ll. 1101-1 111any }H~oplc :l['C n~quircd on hoard for c<!d1 fl:ight (e:.:clu~:ivc of flieht: cn~\v)? 

One person in additioo to pilot. 
------------------- ----------------------·---------------------
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SUH!il!tl'ENl:J·:- ~;u-P·i;Oi·{·i:-~··-on;o. ...... -

1. \.'ll;tl. ;~n• yt•ur tl'.lllliH·w·nt~: !or quartcu; ;md :.uh:d~;lt·ncl: i.n the fh~ld fll'l!a'! 
('J'ht·t>t' rl·qu.itl'!nl!IIU; :;hould hl' broken dmm hy (.1) ]()cal ion, (h) c;;t)cndnr pectod, 
(c) uumiH!r uf pl:n:olllwl per d.ay nml tot<ll man <lnyH per pPriod). 

Study 3 work will require subsistence support for 3 - two person ground crews for 
62 days (May & June of 1979). These crews shall be at Kitoi Bay, Old Harbor and 
Sitkinak Island in camp facilities. 

?.. ))o you r£·eomrncnt1 n ]J:1rt:icul.:1r Bource for thit: ~atiJport? 1 f 11ye!i 11
, plc;we nmilC 

the sma·cc ::md the rea:..;on for your recomr~::ndation. 

Field camp facilities using funds proposed here. 

3. \;'hat is your estimated per man day cost for this support nt ench location? 

$7.00 per person per day. 

1. 

lloH did you derive this fir,ure, i.e., what portion represents CJU<ll:l:c!l:s and '~hnt: 
portion represents subsistence and is tl1e figure bnr.NI on C!SI:ahl:i.:;hl~d commel:c::i.al 
raten nt the location or on cntimatcd c.osts to establish and maintain a field 

cmnp? Figure based on estimated daily food costs per person. 

,.. ..... ~, ............. ,.. ........... ,. .. ~-.--- -.... -............. ~-...,1. uv..t_u .... t... J,V~o.•..L~l.J..V..> 1.: 1\.VJH,J.JL•l.:> 

\·1hat special lor,istic~; problems clo you anticipil.tc under your pr.opo:;al and ho\~ 
do you propose that the problems he solved? (Provide cost estimatns and :i.n·~ 
dicatc Hlwthcr you p1·opose lw.ndling the prohle;as yourself or whether you m1.tst 
clcpcnd on NOAA to solve them for you? 

No furtHer logistical problems are anticipated other than those already.discussed 
or planned for in air logistics costs. 
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XI. Information Required from other Investigators 
Completion of the work proposed here will require information from RU's 
485, 486 and 512 from FV 76 as well as from RU 553 in FY 78. Necessary 
information from these RU's will be used to synthesize with apparent re
sults and conclusions from RU 55.2 field work to determine if broader 
correlations or relationships ex'ists. A great deal of interaction be
tween investigators for the Kodiak studies will be required to achieve 
the integrated results necessary to~ fulfill overall program needs. For. 
example, possible correlatio'ns between the distribution of various fish 
and plankton species must be investfgated and any tentative conclusions 
related to trophic studi'es, In ,order to ach:ieve this degree of integra
tion, investigators must design a scheme. or plan to insure that all per
tinent data and information are exchanged. 

XII. Activity Milestone Chart 
.See Table 7, 

XIII. Outlook . 
The extensive data analysis and synthesis planned for the Kodiak near
shore fish assessment ana trophic relationship study is designed to pro,.. 
vide an assessment and evaluation of work completed~thus far ~nd, hope
fully, to indicate the optimum direction·for futurestudie's in this area. 
This analysis and synthes1s of data'obtained to date coupled wjth the 

': - • • 1. 

addition of the FY 79, late fa 11 and winter FY 79 surveys and spring and 
summer forage fish assessment studies, therefore, should~be very instru
mental in providing a platform from which to make decisions on the opti
mum direction for future. work, The overall goals or objectives for this 
RU are integral in satisfying overal 1 OCSEAP Program needs. in .. the Kodiak 
area - to assess and defin~ temporal changes in species composition and 
feeding habits of principal life stages of marine organisms. Success in 
attaining this overall objective~ therefore, is directly dependent upon 
the abi 1 ity of this and the other integrated R·u' s to fully attain their 
objectives and meaningfully integrate results, The complex and temporal 
nature of the objectives undertaken by t~is RU obviously preclude their 
attainment with a single yea~'s data- a miniium of three years will be 
required to adequately delineate· seasonal fluctuation, varify conclu
sions and take full advantage of and integrate information obtained by 
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MILESTONE CHART 

llU .U _..:;,5;::.;:52;;..__ PI: J. F .. Blackburn and P. B. Jackson 

Majot:' Milestones:. Reporting, and other significant 
contt:'actual requi.:ements; pedods of field work;.workshopsi otc, 

1979 

0 - Planned Comple~ion Date 

X - Actual Completion Date 
(to be.~sed on quarterly updates) 

MAJOR MILESTONES 
1978 

0 N D J F M A M J J A S 0 N D 

Finalize sampling plan for FY 79 0 

Purchase equipment and supplies 0 0 0 

Hire and train survey.personnel 0 0 0 

Conduct nearshore fish survey 1--:--0 

~ ~·c~o~n~d~u~c~t~f~o~r~a~g~e~f~i~·s~h~·~s~p~a~w~n~i~n~g~s;u~rv~eyL-------------------------------~0---------------------_-_o~·--------------------------------------
Data compilation and verification c.n 
for nearshore fish survey FY 79 1-------0 1-~------0 ~ 

Digital data submission (File Type 023· 
ata compilation and veri ication 

for forage fish spawning survexs 

Digital data submission. (File Type 057) 

Data analysis for comprehensive report 

Data product development 

Submisison of quarterly :::-eports 
Submission of Annual report 
(using spring and summer FY 78 data) 
Develop preliminary draft of comprehensive 

Submit final comprehensive report 

l--0 (FY 78 data)/--0 (FY 79) 1---0 

1-------0 

1--0 

1--------~----0 

1----::..----·0 1----.:.~o 

X ·x X 

X 

report (FY 78 and 79 data 1----0 

0 
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other RU's, While effort levels in FY 80 should remain at the levels 

shown for FY 78-79 with possibly some change in emphasis as a result of 
FY 79 comprehensive data analyses, they could be reduced in FY 81 with 
some effort shifted to new study areas on Kodiak's eastside. 

This partial shift in effort levels in FY 80 would allow a greater spat
ial distribution of information, permit the representativeness of exist

ing conclusions to be. tested, and should be able to be done quite effi
ciently as procedures and methodologies will be well established by that 
time. 
The personnel, logistical requirements and equipment needed by this RUin 
FY 80 are anticipated to remain essentially the same as those stated here 
for FY 78-79 with the exception of inflationary increases. As stated 
earlier, a partial shift in emphasis should occur in FY 80 so as to deter
mine the representativeness of results from the initial four study areas. 
These shifts could be moving effort in Kalsin and Kaiugnak Bays to inner 

. , Ugak Bay and Alitak, respectively, while maintaining existing effort lev
els in the Izhut and Kiliuda Bay sampling areas, 

XIV. Standard Statements 
A, Updated milestone charts will be submitted quarterly. A schedule for 

processing and analysis of past year's data will be submitted to the 

Project Office upon request, 
B. Quarterly reports will be submitted to the appropriate Project Office 

during the contract year to be in OCSEAP hands by the first day of 
January, July, and October, Annual Reports are due by April 1. The 
Final Report will be submitted within 90 days of the expiration of 

the contract. 
C, Where biota are concerned, all species and higher categories ~i11 be 

represented by the voucher specimens that will be preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in con
formity with OCSEAP voucher specimen policy. Vouchering will include 
life history stages (e,g,, larvae, juveniles, adults) when these are 
studied, and sexes where these are morphologically distinguishable. 

D, At the option of OCSEAP, the PI 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 

638 



-58-

satisfactory to both parties. In addition, the PI may be requested 

to participate in program review or synthesis meetings as required. 
It is understood that costs of the travel. and per diem for these 
trips will be borne by OCSEAP. 

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

F. Digital Data will be submitted to the Project Data Manager within 120 
days of the completion of a cruise or three month data collection per
iod, unless a written waiver has been received from the Project Office. 
The NODC Taxonomic Code is to be used for biological data submissions. 

G. Within 10 days of the completion of a cruise or any data gathering ef
·fort, a ROSCOP data collection inventory form (NOAA Form 24-23) will 
be submitted to the Project Data Manager, 

H. Title for a 11 property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract expiration. All new 
equipment purchased will be reported quarterly and inventoried annual
ly. The PI will maintain inventories of all expendable and non

expendable equipment purchased with OCSEAP funds. Information will be 
recorded on Form CD.,.281, "Report ofGovernment Property in Possession 
of Contractor", (copy attached). Updated copies of these inventories 
will be submitted quarterly, 

I, Three (3) copies of all manuscripts for publication or presentation 
which pertain to technical or scientific material developed under 
OCSEAP funds, will be submitted to the appropriate Project Office at 
least sixty (60) days prior to release, for information and for for
warding to BLM. The release of such material within a period of less 
than sixty days will be made only with prior written consent of the 

Project Office. News releases will first be cleared with the appro
priate Project Office. Five copies of all reprints which pertain to 
technical or scientific material developed under OCSEAP funds will be 
submitted to the appropriate Project Office when they become available. 

J, All publications and presentations of material developed under OCSEAP 
funds will acknowledge BLM/OCSEAP sponsorship, The following 
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acknowledgment is standard> 
"This study was ~upported by the Bureau of Land Management through in
teragency agreement with the National Oceanic and Atmospheric Adminis
tration, under which a multi-year program responding to needs of petro
leum development of the Alaskan continental shelf is managed by the 
Outer Continental Shelf Environmental Assessment Program (OCSEAP) Of
fice.11 
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DEPARTMENT OF FISH AND GAME 
Commercial Fisheries - OCS 

September 1~ 1978 

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

Dear Dr. Bruce: 

JAY$. HAMMOND, IJIJVIRNOR 

Attached is a set of replacement pages for the RU 552 proposal for FY 79. 
Changes have been made in it as you requested in your letter·of 
August 24, 1978. Please insert the changed pages and renumber pages as 
follows: 

Present·Page # 

32 
36-42 

44 
46-50 

52 

·change To 
31 

34-40 
43 

50-54 
56 

It may not be clear that we intend to use two small boats. A 14 to 16 ft. 
aluminum skiff and a 16 to 18 ft. aluminum seine skiff. The former for 
beach seining and setting trammel and gill nets and the latter for tow 
netting. , 

The response to your item number 2 of the referenced letter is attached 
-Explanatory Notes on Cost Proposal Form - RU 552. · 

· In response to item number 3, there was no camping gear purchased on RU 486 
funds or on RU 552 funds. l~e purchased three each 2-man tents on RU 512 
funds in FY 76 and sufficient small items for short term camping i.e, mess
kits, small stoves. These tents would serve well for short term camping, 
however, something larger will be required for a two month stay at field 
camps. 
In response to item number 4, no, the request for per diem is not the same 
as the request for food for field crews. Per diem is necessary to pay ex
expenses incurred on trips to Juneau, Seattle and Anchorage. 
In response to item number 7, yes, we are willing to negotiate sampling 
priorities with the Project Office. We are willing to negotiate virtually 
any other aspect of the proposal also. Our proposal is our best estimate 
of how to do what you have requested and we remain responsive to requests 
and open to negotiation of any item. · 
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Dr. Herbert Bruce -2- September 1, 1978 

In response to item number 8; Table 2, page 21 of the proposal was in er
ror and the line that reads: 2). Months, 5 (April -August), should be 
changed to: 2). Months, 2 (October- November and February- March). 
The species listing on page 21 is the only information we have on what 
fish RU 553 intends to take for food habits. This was the intent of this 
table. If you want a list of which species we expect to catch, please 
see Quast and Hall, 1972. List of Fishes of Alaska and Adjacent Waters 
with a Guide to Some of Their Literature. NOAA Technical Report NMFS, 
SSRF - 658. 47 pgs. 

In response to item number 9, stomach collections were inadvertently in
cluded and are now excluded. 

The comprehensive list of information gaps that you requested in item 10 
has been added to the proposal. This task will be very worthwhile. It 
should be pursued in some detail to .be credible. A list of information 
gaps and suggestions for the directio~ of future research should begin 
with a summary of research completed and status of knowledge. This sec
tion should be followed by a summary of potentially degrading results of 
oil and gas exploration activity and by an assessment of impact of the 
various factors upon the environment. This should highlight geographical 
areas where more knowledge is needed, show where existing information is 
sufficient and provide some indication of which species require more 
study. A good example of a similar study is Trasky, L.L., L.B. Flagg, 
D.C. Burbank 1977. Impact of Oil on the Kachemak Bay Environment. Vol. 1 
of Environmental Studies of Kachemak Bay and Lower Cook.Inlet. A.D.F.& G., 
Marine/Coastal Habitat Management. Anchorage, Alaska. This example is 
directed toward assessment but the same sort of coverage is necessary to 
have a list of data gaps that will withstand criticism. 

There is no time to prepare such a report between now and July 1979 even 
if funding were immediately available. But between now and then a suffi
cient amount of work could be done to produce a tentative list of data 
gaps and the 1~ork could continue after July 1979 in order to complete the 
documentation of data gaps. Additional funding would be necessa~y. The 
time of our personnel is entirely accounted for and devoted to other as
pects of this study. A first guess at the time necessary to compile the 
necessary information and canvass the agency groups that should have in
put to this assessment is about 12 man months. At F.B. I salary, includ
ing benefits, travel and per diem expenses, about $20,000 will be neces
sary. 

In item number 11 you requested that we collect and submit data on air 
temperature, wind direction (in Beaufort scale) and wind speed (in compass 
direction code, 1 to 8) in record type 1, This can be easily accomodated, 
however, it is of no value t~ us and will require a minor change in our 
format. If this information is requested for the use of another project, 
as indicated by Jawed Hameedi, then you probably would like routine ob
servations of wind speed and direction determined by accurate instrumenta
tion. If we take it on our data forms it will be selectively collected 
during calm periods, at selected calm locations within very small portions 
of bays and be estimated in Beaufort scale by untrained observers working 
in small boats. Perhaps you would like it on a separate format that al
lows more accurate, systematic measurement. We will accommodate your wish
es on this matter. 
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Dr. Herbert Bruce -3- September 1, 1978 

You have requested that we record and submit tide data and tide stage 
code. The latter we are doing and will continue to collect, but the tide 
data requested is tidal height in meters to the nearest 0.1 m. As we 
have no access to a surveyed tidal height guage, we can only accomplish 
this by interpolation between heights of high and low tide from published 
tide tables. This is of no value to us and I question that this is what 
you want. We will accommodate your wishes on this matter also but before 
we invest a lot of hours calculating tidal height for 200 times in a · 
month cruise, lets be sure this is of value. 
Specific response to comments handwritten onto a copy of the proposal re
turned to .us: 

Pg. 24 - The comment "work up" is inappropriately placed in the square 
"aboard vessel or later in Kodiak Lab." The work up samples 
consists of sorting, the next step in the chain of events. 

Pg. 25 and pg. 30 - The block 11 Verify" refers to verify keypunching. 
Pg. 26- A note in the margin noticed a "size change of skiff". -·We are 

planning to use 2 small skiffs that will be locally procured. 
Pg. 39 - Under Columns, 1-33 Same as in Record Type 4 

34 Sex 
35-38 Length of class 

40-43 Length Frequency 
44 Length Sample 

Delete Size of length class in mm. 

Under Record Type 6, delete small fish weight. 

I trust that the changes made and comments included here are sufficient. 
If there is any question please contact me. 

Cordially, 

~ ~~~!2,_~•A 
lackburn 

F1shery Biologist III 
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UNIVERSITY OF _\olASHINGTON 
SEATTLE. WASHINGTON 98195 

TO: 

TITLE OF PROJECT: 

CURRENT CONTRACT ~mER: 

RESEARCH UNIT NUHBER 553 

PERIOD OF PERFORMANCE: 

PRINCIPAL INVESTIGATOR: 

. AMOUNT REQUESTED: 

LEASE AREA: 

DATE: October 17~ 1978 

UNIVERSITY OFFICE TO BE CONTACTED 
REGARDING GRANT OR CONTRACT 
NEGOTIATION: 

OFFICIAL AUTHORIZED TO GIVE 
UNIVERSITY APPROVAL: 

NOAA 
OCSEAP 
Bering Sea - Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

Seasonal Composition and Food Web 
Relationships of Marine Organisms in the 
Nearshore Zone of Kodiak Island - Includingr
I~hthyoplankton, Meroplankton, Forag~ Fishes, 
Marine Birds and Marine Mammals 

03-5-022-67 

1 October 1978 to 30 September 1979 

Donald E. Rogers 
Research Assoc~ate Professor 
Fisheries Research Institute 
College of Fisheries 
University of Washington 
Seattle, Washington 98195 
Phone: (206) 543-7628 or 543-4650 

$ 237,000 

Kodiak Island, 100% 

e-~.Atlli r; ~&--cg_L ~ 

Don d E. Bevan, ssociate Dean 
Colleg• ~f Fisheries 
Phone: (206) 543-4270 

Grant- and Contract Services 
Room 1, Administration Bldg, AD-24 
University of Washington 
Se Was ington 98195 

(20 -4043 

)"'rant and 
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Work.Statement I- Food Habits 

Technical Proposal 

I. Title: Seasonal Composition and Food Web Relationships of Marine Organisms 
in the Nearshore Zone of Kodiak Island - Including Ichthyoplankton, 
Meroplankton, Forage Fishes, Marine Birds and Marine Mammals 

Research Unit Number: 553 

Contract Number: 03-5-022-67 

Proposed Dates: October 1, 1978 to September 30, 1979 

II. Principal Investigator: Donald E. Rogers 

III. Cost: 

A. Science: $ 16,700 

Research Associate Professor 
Fisheries Research Institute 
University of Washington WH-10 
Seattle, lvA 98195 
(206) 543-7628 

B. PI provided logistics: 0 (provided by OCSEAP) 
c. Total: $76,700 
D. Distribution by Lease Area: 100% Kodiak 

IV. Background 

This proposed research is essentially an extension of current research 
that is being conducted by RU # 553 on feeding habits of nearshore fish of 
Kodiak Island. Sampling has been conducted during the spring and s.ummer of 
1978 and the proposed research would be undertaken at the same four bays in 

.... the fall of 1978 and the winter of 1979. 

Colin Harris, of the Fisheries Research Institute, completed some work 
on the feeding habits of fish around Kodiak Isiand during the summer of 1976. 
To this date, however, no one has investigated the feeding habits of these 
fish during the fall and winter. This proposed study will therefore provide 
new information on seasonal feeding habits of ecologically or economically 
important fish around Kodiak Island. 

Participants of the Kodiak Synthesis tvorkshop in March 1977 emphasized 
the need for more baseline assessment of fish and invertebrate fauna around 
Kodiak Island. In particular, there were major information gaps regarding 
the food habits and trophic relationships of inshore fish. This continued 
trophic study is needed to permit conclusions about the food habits of 
ecologically or economically important fish and to identify important trophic 
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relationships between components of the inshore ecosystem that may be 
affected by development of petroleum resources. 

V. Overall Objectives 

Determine the food habits of several nearshore pelagic and demersal 
species and the changes in food habits with respect to: 

1. Location 
2. Season 
3. Habitat 
4. Life history stage 

Thi~ information is needed to assess the potential effects of oil on the 
inshore fish fauna, whether they are direct effects of oil through 
ingestion of contaminated prey or indi;rect~ effects through depletion of 
critical prey types. 

Specific Objectives 

Determine the food habits and trophic relationships of several 
economically or ecologically important fish during the autumn and winter. 

VI. General Strategy and Approach 

FRI personnel will work closely with ADF&G personnel in planning 
and carrying out the sampling program. ADF&G will be primarily responsible 
for field work (collection of fish), use .and maintenance of sampling gear, 
and ~ogistic support (under.RU # 552). FRI will be primarily responsible 
for ensuring adequate sampling for the food habits phase of the study, for 
assisting in fishing, for subsampling fish for their stomachs, and- for 
laboratory examination of the stomach contents. 

The experimental design takes into account four major variables in 
the ecosystem which probably affect the feeding habits, of the fish and/or 
the distribution of both fish and prey items. These variables are: 

1) Location-Sampling will be conducted in four bays around Ko.diak 
Island. Each bay has been divided into 2-4 areas. 

2) Season-Sampling has been conducted (FY 78) during the spring.and 
summer. We are proposing to sample during the autumn and winter 
since the life history stages of the fish, fish species, prey types 
and prey life history stages are probably all affected by the change 
in the seasons. 

3) Habitat-Habitat is divided into nearshore (less than 10m), epi
pelagic, and demersal (greater than 10m). 

4) Life history stage - The diet of a fish changes with its size and 
age. Therefore, the length and life history stage (juvenile or 
adult) is recorded for each fish. 
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Since we do not know what species of fish are prevalent during the 
fall and winter, we will select during sampling approximately 15 economically 
or ecologically important species for special attention. 

A. Sampling }lethods 

Field and laboratory techniques will be essentially the same as 
in RU # 485 FY 76. The Alaska Department of Fish and Game (RU U 552) 
will determine the sampling strategy for fish and therefore our sampling 
will necessarily follow their design. An outline of the stomach sampling 
design is given in Table 1. The actual numbers of ptomachs taken will, 
of course, depend on the number caught by RU # 552 and to the amount of 
time available to our field crew (2 people) to process stomach samples. 

As the fish are landed, they will first be sorted by species. 
Then our field crew will pick out specimens according to species and size 
(life history stage). Lengths will be taken on the larger fish and 
recorded. The haul number, gear type, identification number and species 
will also be recorded. The stomachs will then be removed and each one 
will be placed in a separate Whirlpak bag along with 10% formalin and 
an identification label. Smaller fish will be preserved whole. Lengths 
will be taken and stomachs removed later in Seattle. Samples will be 
shipped from the field to Seattle as often as is practical. 

B. Analytical Methods 

In the laboratory, the contents of each large fish will be blotted 
dry and then the total stomach contents will be weighed to the nearest 
.01 gram. The contents will then be sorted into the lowest possible 
taxonomic categories. Each group will be counted. and weighed to the 
nearest .001 gram. 

If the fish are small, lengths will be taken in the 
a group of fish and an average length will be recorded. 
will be pooled and the contents from the pooled stomachs 
as above. Average numbers and weights of prey organisms 
will be calculated. 

laboratory on 
Stomach contents 
will be treated 
per stomach 

Additionally, a digestion factor (on a scale from 1-6) and a 
stomach fullness factor (on a scale from 1-7) will be assigned to each 
stomach. The sizes of prey from some selected stomachs will also be 
measured. Data will be keypunched from MESA/EDS format no. 100 forms and 
later transformed to NOAA/EDS format no. 023 by the computer. 

Identifications of prey organisms by each technician will be spot
checked by others working in the laboratory. In addition, a reference 
collection in the College of Fisheries will be used to verify some 
identifications. Specimens will be sent out to experts whenever necessary. 
Voucher specimens will be retained by the project. 
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All data will be processed by FORTR&~ computer programs 
specifically written for the NOAA/EDS format record types. 
Processing Hill include statistical analysis of the stomach 
content data, calculation of Shannon-Weiner diversity indices 
by number arid biomass, and generation and plotting of IRI values. 
The methods are described in "ADF&G-OCS Fish Food Habits Analysis" 
by c. A. Simenstad, October, 1977 (FRI-UW-7735). 

We will adopt several safeguards against errors and inadvertant 
omissions of data. Data forms are designed for ease of use in the 
field and for readability by keypunchers. Data will not be trans
cribed by hand from form to form except in special .circumstances 
and data will be recorded immediately to .prevent unnecessary loss of 
information. Balances used to wefgh stomach contents will be checked 
frequently to assure accurate weights. All data keypunching will be 
verified (see Figure 1). 

VII. Deliverable Products 

A. Digital Data 

For each item (prey taxon) in a stomach we will provide the number 
per fish, and the weight per predator. In addition, we will list the 
fullness of each stomach, the level of digestion of the contents, the 
weight of the total stomach contents and the length of the fish~ For 
each sample of a given predator, we will provide the frequency of 
occurrence (%), total weight (%), total number (%), and the index of 
relative importance (IRI) which equals the frequency of occurrence 
times the sum of numerical and gravimetric composition. All digital 
data will be submitted in file type FT 023 to OCEAP. See Table 2 for 
a list of parameters and possible ranges of those parameters. 

B. Narrative Reports 

The requited q~arterly and annual reports will be submitted and 
these will contain all information collected by this project. 

c. Visual Data 

Graphs, tables, and figures will be used in the required reports 
to present the data collected on seasonal changes in fo'od habit~ for 
a given species, differences among species, and the interrelationships 
in feeding (food web) .. This will include: 

1. · Tables and figures showing types of prey items for all 
stomachs and size frequency distribution of food items in 
selected fish stomachs. 

2. Tables showing feeding selectivity (or electivity index) of 
principal fish species to the extent that data on abundance of 
prey items is available to this project. 
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4. Diagrams or mathematical formulations of trophic web structure 
of selected locations with estimat~s of biomass in different 
food web components and mass transfer coeffici'ents derived from 
literature. Mylar overlaps will be used whenever appropriate 
and these maps will be submitted to the BLM - Alaska OCS office. 
Paper reducti-ons of. these maps will be included in the annual 
report. 

D. Other Non-Digital Data 

None. 

E. Data Submission Schedule 

See chart. 

VIII. Special Sample and Voucher Specimen Archival Plans 

Voucher specimens will be retained by the project. Duplicate specimens 
will be provided to OCEAP if this is requested. 

IX. Logistics Requirements: 

See RU II 552 

X. Anticipated Problems 

' . . 
_We do not _anticipate any problems because this project involves rather 

routine methods of collection.and processing of samples and the analytical 
methods are ~•ell established .. 

XL Information Required fro'm Other Investigators 

Sampling statistics, e.g., date, location and number of fish in catch, 
will. be obtained from RU If 552. ~ole will maintain close liaison with the 
ADF&G Kodiak Studies. 

XII. Activity/Hilestone Chart 

Attached 

XIII. Outlook 

Sampling in 1980 would provide information on yearly variation in the 
feeding habits of the fish near Kodiak Island. Funding through 1980 would, 
in addition, provide_ time to model the data collected from 1978 through 
1980. Quarterly reports and one final report would be submitted during 
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this ti~~- Cost would be approxi~ately $80,000 assu~ing that the 
Alaska D0p3rt~cnt of Fish and Game was again p~oviding t~e logistical 
support. 

xr:. :\. !.:;>dated ~ilestone ch:Hts \vill be sub:nit::ed quarterly. A schedule for 
processing and analysis of past year's data will be sub~itted to the 
Project Office upon request. 

B. Quarterly reports will be sub~itted to the appropriate Project Office 
during the contract year to be in OCSEAP hands by the first day of 
Janu.J.ry, July, and October. Annual Reports- are due by April 1. The 
Final Report will be sub~itted within 90 days of the expiration of 
the contract. 

C. :,nere bioca are concerned, .all species and. higher categories \vill be 
represented by the voucher specime~s that will be preserved, labeled, 
held, and shipped to an official OCSEAP designated repository in 
confor~it:r '"i th OC.SEAP voucher specimen policy·. Vouchering ,;,ill 
include life history stages (e.g., larvae, juveniles, adults) tvhen 
these are studied, and sexes where. these are morphologically distin
guishable. 

D. At the option of OCSEAP, the PI is prepared to travel to the.Project 
Office at least t\vice during the contract year to revie\-7 project 
status and progress. Such reviews will b• scheduled on dates mutually 
satisfactory to both parties. In addition~ the PI may be requested to 
participate in program review or synthesis meetings as required. It 
is understood that costs of the travel and per diem for these trips 
will be borne by OCSEAP. 

E. Data products will besubrnitted to the Project Data Hanager in the 
for:n and format specifi~d in Deliverable Products Section VII. A through 
E. Digital data submissions \-lill be accompanied by a Data Documenta
tion Form G-iOAA Form 24-13). 

F. Di~ital Data to~ill be submited to the Project Data ~!anager \Jithin 120 
days of the completion of a cruise or three month data collection 
period, unless a written waiver has been received from the Project 
Office. The ~ODC Taxonomic Code is to be used for biological data 
submissions. 

G. Within 10 days of the completion of ~ cruise or any data gathering 
effort, a ROSCOP data collection inventory form (NO.<\.\ For 24-23) \o~ill 
be suhmittcd to the Project Data Hanager. 

H. Title for all property purchased with OCSEAP funds remains with U. 
S. Govern~ent pendin~ disposition at contract expiration. All new 
equip~ent purchased will be reported. quarterly and inventoried .J.nnually. 
The PI will r.1aintain inventories of all expendable and non-expendable 
equipment purchased with OCSE:\P funds. Information \vill be recorded 
on Fom CD-::!31, "Report of Govern:::e11t Property in Possession of Contractor," 
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(.::opy :J.tt:lched.) Updated copies of these inventories •...rill be 
sub~it:eri qu~rtcrly. 

I. Thr~e (3) copi~s of all ~anuscripts for publication or present~tion 
whic~!i!rtain to technical or sciimtific material developed under 
OCSEA? funds, tvill be submitted to the appropriate Project Office 
at least sixty {60) c~ys prior t:o rel~ase, for information and for 
for:.-arding to BL:·!. The release of such mat:erial within a period of 
less than sixty da::s will be :::ade only with prior tvritten consent 
of the Project: Office. Ne~vs releases tvill ·nrst be cleared with the 
appropriate Project Office. Five_copies of all reprints which pertain 
to technical or scientific mater~al developed under CCSEAP funds will 
be submitted to the appropriate Project Office when they became available. 

J. All publications and presentat~ons of material 
fu::.ds will 9-cknmvledge BUI/OCSEA.? sponsorship. 
ledgment is standard: 

developed under OCSEAP 
The folloHing acknot·r-

"This study ~ias ·supported by the Bureau of Land Hanagernent: through 
intero.genc:: agreement •...rith the :rational Oceanic and Atr.~ospheric 
Administration, under which a multi-year program responding to needs 
of petroleum development of the Alaskan continental shelf is managed 
by the Outer Continental Shelf Environmental Assessment Program (OCS~AP) 
Off!.ce." · 

651 



,, 

8 

Table 1. Schedule of samples of Kodiak Nearshore Food Habits Study 

Sampling design 

1. Locations or bays (number of regions in bay) 
a. Izhut Bay (4) 
b. Kalsin Bay (2) 
c. Kiliuda Bay (4) 
d. Kaiugnak Bay (2) 

2. Months, 2 (October/November and Fepruary/March) 

3. Habitat (gear) 

4. 

5. 

6. 

a. Nearshore, less than 10 fm (beach seine, trammel net, try net, gill 
net) 

b. Epipelagic (tow net, midwater trawl) 
c. Demersal, greater than 10 fm (otter trawl) 

.I. 

Life history stage (juv;enile and adult, length) 

Species 

Approximately 15 species of ecologically or ec~nomically important 
fish will be chosen from the three habitats for special attention. Since 
we do not know what speci~s are prevalent during the fall and. winter, we 
will select the species while sampling. 

Sample size 

The sample size will be a maximum of 20 fish per bay (4), per month 
(2), and per life histor.y stage for each important species, for a total . 
of about 5,000 stomachs. This· intensity of sampling approximately equals 
that during the sprin~ and summer of FY 78. 
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Table 2. File Type 023 (Shellfish) Fish Resource As.sessment 

Common to all records 
File Type 
File Identifier 
~ecord Type 
Agency Code 
Vessel Code 
Cruise Number 
Haul or Set Number 
Sequence Number 

Record Type 1 - Record Type· 6 

Record Type 7 
Sample Number/Taxonomic code 

Number of Prey/Volume of prey 
Organ Code 
Stomach Fullness Code 
Life History Code 
Stomach digestion Code 
Weight'of Stomach Contents 
Life History Code 
Wet Weight of Prey 
Weight Method Code 
Gut Position 
Numb~r of Stomachs Pooled 
Length of Fish 

Record Type 8 - Text 
Text 
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Range or meaning 
Always 023 

7 

Will be submitted·by RU # 552. 

2 digit alpha-numeric/ 
2-10 digit numeric code · 
0-9999/NA 
NA 
1-7 
7 or 8 
1-6 

. 0-9999. 99 g 
1-8 or A-H, J, L, M, P 
0-9, 999.999 g 
1-8 
NA 
0-99 

·1-9999 mm 



I 

I 
[I 

1 

,, 

•I, ,, 

Figure 1. Dia~r~~ of dat~ processin; procedure. 
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MILESTONE CHART 

0 - Planned Completion Date 

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

RU fl 553 (food habitsir: Donald E. Rogers 
--------~~~~~~----------

Major Milestones: Reporting, and-other significant 
contractual requirements; periods of field York; Yorkshops; etc. 

MAJOR·MILESTONES 

Purchase supplies 

Conduct field work 

Process stomach samples 

Analyze data 

Submit data 

Submit quarterly report 

Submit annual report 

Submit final report 

1978 
0 N D 

0 

1--o 

1979 
J F M A M J J A S 0 N ~ 

1--0 

1- - - - - - - - ~ - - - o· 

1 - - - - - - - - ~ - - 0 

0 ." 

0 0 0 "" 
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Other Information 

.a. See qualifications section 

.b. The Fisheries Research Institute does not have'nor does it propose any 
other contracts dealing with the feeding habits of fish a~ound Kodiak 
Island. 

c. Dr. Rogers will actively lead and supervise the proposed work and will 
take full responsibility for timely completion of all objectives. 
He will: spend more than 25 percent of his time on this project. He 
is also principal investigator of the Wood River· (NOAA) and Continental 
origin (WPFHC) projects. · 

d· Key personnel a§signed to this project are: Dr. D. E. Rogers, Ms. B. J. 
Rogers, and Mr. M. Wangerin. Resumes are attached. We are requesting 
funding for approximately 3 person-years of effort. We estimate (based 
on work conducted in FY 78) that it takes 3 people 1 month to process 
1000 stomachs. Therefore, to process 4000 stomachs will take 3 people 
4 months. .The duties are divided as follows: · · 

Dr. Rogers (Principal Investigator) 

Supervising 
Editing 
Attending meetings 

B.J. Rogers (Project Leader) 

Writing reports 
Taxonomic assistance 

Data analysis 
Attending meetings 

M. Wangerin (Laboratory Director) 

Processing fish stomachs 
Data analysis 
Field work 
Writing reports 
Attending meetings 
Purchasing supplies 
Hiring lab personnel 
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No. of months 
estimated 

2 
1/2 

.JJ.:L 
3 

4 
2 
0 

2 
1 

-9 

3 
2 
'1 
1 1/2 
1/2. 
1/2 

-:-1/2 
9 

j: 
II 
I; 
:I 

!t: 
I 

, I 

i> 
I. 
l· ' 
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Research Assistant 

Processing fish stomach~ 
Data Analysis 
Writing reports 

Student Helpers 

Processing fish stomachs 

e. -

f. Donald E. Baldwin 
Grant and Contract Services 
University of Washington 
Phone: (206)543-4043 

16 
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No. of months 
estimated 

3 
1 
1/2 

4 1/2 (100% of time) 

8 (100% of time) 
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Work Statement I~ - Zooplankton 

I. Title: Seasonal Composition and Food Web Relationships of Marine 
Organisms in the Nearshore Zone of Kodiak Island - Including 
Ichthyoplankton, Meroplankton; Forage Fishes, Marine Birds 
.and Marine Mammals. 

Research Unit Number: 553 

Contract Number: 03-5-022-67 

Proposed Dates: October 1, 1978 to September 30, 1979 

II. Principal Investigators: Donald E. Rogers, FRI, Seattle, WA 

.Project Leaders: 

III. Cost of Proposal 

Murray Hayes, NWAFC, NOAA/NMFS, Seattle, HA 

Douglas J. Rabin, FRI, Seattle, WA 
Robert Wolotira, Jr., NWAFC, NOAA/NMFS, 

Kodiak, AK 

A. Science: FRI - $160,300* 

B. OCSEAP provided logistics: $131,555 (estimate) for charter and boat 

C. Total: ~160,300 (excluding logistics) 

D. Distribution of effort by Lease Area: Kodiak - 100% 

IV. Background 

Zooplankton were sampled in the nearshore regime of Kodiak Island, 
Alaska, by the University of Washington, Fisheries Research Institute, 
from March through August 1978. This research was requested by the 
Outer Continental Shelf Environmental Assessment Program in order to 
assess the potential impact of oil in.Kodiak waters. 

work 

The FY 78 field program was specifically designed to recognize 
possible nursery areas for larval forms of fish, shrimp, and crab species 
of both commercial and ecological importance. Consequently, station 
locations, gear usage, and sampling frequency were integrated into a 
research program that remained consistent throughout the study period. 
Concurrent laboratory activities included the identification and 
enumeration of captured fish, shrimp and crab larvae. 

One of OCSEAP's present needs is the necessity for seasonal 
continuity to the spring-summer field research. This proposal requests 
that autumn and winter research be conducted in FY 79 in order to complete 
one year of sampling. These proposed efforts should enable OCSEAP to 
recognize those species that spawn during the autumn and winter periods. 

*includes estimated plankton sorting expenses for RU # 551 and RU # 553. 
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In addition, autumn and winter sampling will help to determine critical 
time periods, in add~ti9n to critical .areas, during which oil pollution 
may occur. 

As in FY 78, four bay areas will be sampled with discrete surface
subsurface and day-night plankton tows. The proposed research will be 
coordinated with concurrent studies of both juvenile and adult fishes 
(RU 552) and their feeding habits (RU 553). This wili enable optimum 
use of charter time and should assist in subsequent analysis· and modeling 
of fish and invertebrate populations and food web relationships. 

V. Study objectives: 

1. Describe seasonal composition, distribution,-and relative 
abundance of major life stages of selected halo- and meroplankton forms 
in selected bay areas of the Kodiak archipelago. Emphasis will be placed 
on planktonic. stages of fishes, crabs, shrimp; euphausi'ids and copepods. 

2. Determine seasonal dev~lopment and succession of selected 
commercially and ecologically important fish and invertebrate species 
(Table 1). 

3. Correlate observed biological distribut.ions with local hydrographic 
regimes and bathyme.try. 

VI. General Strategy and Approach 

FRI personnel will work closely with NMFS, ADF&G, USFW personnel 
and the Juneau project office in planning and carrying out the sampling 
program. FRI will be primarily responsible for field work (collection 
of the plankton), use arid maintenance of sampling gear, and logistic 
support. FRI will use gear types and sampling methodology similar to 
that used by NMFS (RU 551). In addition, both FRI and NMFS will employ 
the same plankton sorting center and sorting options. FRI will be 
responsible for examination and analysis of the ichthyopl·ankton. NMFS 
will be responsible for examination and analysis of shrimp and crab 
larvae. Sampling of zooplankton will be coordinated with marine bird 
trophic studies (RU 341), and juvenile and adult fish studies (RU 552). 

In addition to the field work, our major effort will be devoted to 
analysis of all samples collected during }Y 78 and FY 79, and to develop 
an integrated report. Data will be.exchanged between the related research 
units, i.e., RU's 138, 551' and 552, active in the Kodiak area in FY 78 
and FY 79. This will help insure analysis and synthesis of data in the 
manner, format and timing most useful to fulfill BLM needs. for implementation 
of lease area decisions. 
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1. · r'c3s:.::le ecclo~i·~.all'l and co~r:'!et"'c.!.3ll:t irr.port-3.nt svec::..~s ::-o!:"' -,l:'.J.J.::"~. 
sea::;onal p.!..::.nktor.ic .:!eYelo:?:::ent and succes::;ion ·::iil be deter:::h:ed 
i::. ~he :<od!.ak nearshore =.rea.:': 

Scienti:=ic ~lan:e 

c:.:..;;.aa ;:arer.~t.a paZ. Zasi 
~--.. ~::!: c tua :ii Z :~ a:.ta 
P3~;.i!'~g~:::..~~..s r.:oncp;;e'!'ygir:.:t:s 
.~r..op ~cpc:w:a .. -'i::-~r~a 
,.. . ... . ... ' . .. . 
~~~~~~=~~~us JOra~~~ 
~~~~o-"' ""'* .. '!!..,..)"'.--:~.~~ ~o: ... ,..n.~•~o,.,"""h-1'!';1~ "'"',;;. .....,;.;..,.c;:' .. .4¥tW'IoU ::' "'i::-f,;....._F .. .:...rio ¥G:( ~""""' 

r;'"'''i"' ..... ;...-:r'!r- ~va--· ,..;.1"\,;..,._.A 
-- :-· .,...,,_...,,_ !.o'• ·"""""·.--'-:-'· 

G~::=:i3 maa~oce~nat,us 
mz, ::rr,,...r.o,.,.,. .. ~;...-I ~~~"'~-YI'"";_,.,.a "",., __ -:::-- -· .. -.., ..... ..,:::- ~ ..... 
A~oi.:~t::.aa he::::::;ter:.ta 
A:;;:e2,~S!;;:es stc:1:ic:.s 
Hip?ogZosaoid2a eZassodon 
;,...,_..,.·;:,..."""! ... --..-- .,. .. ·;.,: ... -·a ,i.J'::!" """'"'""'.,!::"o-::. ~v\.olio. ::;"""' ... e,......., 
L1..rr:c::nc.a azp,gz-a. 

Cancer t*'X1~iate~ 
Ci:~cnoe~e;;~s ba:il''di 
P~r:zZi.tho~es aa::'l-:aahatica 

?anda:Zu.a ?:o:reaZis 
Pz~daZo~sis di3~ar 
."Prr-~;:..,.,u ..... , J1 ur" .. .;n .. o+us 
... ..A. ....... ...c.v • ".,.;;:~"" • ..,.. 

P.:..r:d:!lua gcniur~G 
Pan-':ia.ZU3. plat~1cero3 

Pacific her!'ing 
ca9elin 
Atka mackerel 
sS.blefiSh 
yell~t·i Irish lore 
grea1::.sculpin 
Paci=i= sanc=is~ 
Pacifi:: cod. 
walleye pollo6:: 
PaCific sandlailce 
ar!'ot.;1:ooth floun<:.er 
:fla1::J::ead sole 
rock sole 

'yellm,.fin sole 

Dunr.eness crab 
tan;.er (snoN) crab 
king crab 

pink shrimp 
sidestripe shri:::p 
coonstrice shri=~· 
humpy 3hrimp · 
spot shrimp 

·::: 
rinal sel~c::ion of species t..rill ce..:ermfned by suitable frequencies of 
occur:-!!nce'·and relath·e a!:lundances. 
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A. . Sampling Plan 

Zo~plankton will be sampled during two ·cruises, one duri:ng 
October-November 1978 and the other during.February-March 1979. 
The areas to be sampled are along the southernand eastern ~bores 
of Kodiak and Afognak Islands and include Marmot (Izhut), Chiniak 
(Kalshin), Kiliuda, and Kaiugnak bays. Stations will be located 
in the inner, central, ~nd outer portions of each bay (Table 2; 
Figs. iA and lB). Distance b~tween each station will be 8-14 
kilometers. Izhut and Kiliuda bays will include one sta~ion each 
for diel sampling. The most seaward. stations wili correspond with 
specific nearshore.sampling·locations of the extensive (NMFS).off
shore plankton surveys. 

Stations will be sampled with a·50 em x 30 em surface neuston 
sampler with .505 mm mesh net, bongo-arrayed planktonnets,with 60 em 
openings and mesh sizes of :.505 mm and .333 mm, a 1m2 op~ning-closing 
Tucker. trawl with a .505 mm mesh net, and an epibenthic plankton sled 
with·!l .505 mm mesh net. The neuston net will sample·at the surface, 
the bongo nets.and Tucker traw~ will sample.from near bottom to the 
surface, an4 sled will sample demersal plankton. The plankton sled 
will be used only in those areas where the echogram from a recording 
fathometer +ndicates a suitable bottom type.. Diel sampling will 
utilize closing nets with .505 mm mesh (Table 3). 
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T..lblt..! 2.. St.:lt ion lt.Jc:ltic:ls fer Kcdi:tk Isl~nd nearshore zoopl.:lnktan 
ras~J.rch, 1978-79. 

'.;. 

3.:;.~: St..:Jti.on LJ.t ~ tt:de ~~n:;i=.t:.de Gear 1.!5C 

I=h~t:. 
~, 

'-- 53 13 152 17 ... ":) 

.. "1 '"""' 

Z2 (Ji~l) 53 10 152 14 ~,3,T,S 
..,~ 

.<..J. ss 06 152 10 '" "!"' ... , .,:) 
z!y 5S 08 152 03 N,B 
Z5 53 05 152 18 N,::; 
Z6''* 58 15 1-., ;,_ 16 ~.3 
Z7-:·:* 53 13 152 18 N,B 
zs-:·:* sa 11 152 20 :l,B 

~als i:!-C;li:i.i3k C1 \ ,, -.-, 37 152 25 N,B,S Jl 

C2 51 41 'is: 19 N,B 
C3 57 .44 152 14 N,5 
C4 57 42 1-., :. .. 04 N,B 
C5 57 38 151 ·55 N,B 

Kil!.ucia 11 57 19 153 02 N,B 
I.2 (di;:l) 57 16 152 55 N,B,T,S 
13 57 12 152 45 N,B 
L4 57 16 1-'l ;) .. 37 N,B 
15 57 36 152 54 N,3 
16id'< 57 20 153 09 N,B 
17'''* 57 18 153 06 N,B 
18'''* 57 20 152 55 N,B 

Ka.iu;:!a~ G1 57 04 153 36 N,B 
G2 57 01 153 29 N,B,S 
G3 56 56 153 -,-_, N,B 
G4 56 58 153 14 N,3 
GS 56 52 153 35. N,S 

-----------------------~-----

:t:~~ = neuston, 3 = bongo, T Tucker, s sled. 

M:S~.:lt:ions ndded 5/78. 
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Tabl~ 3. Sampling methodology for Kodiak nearshore-zooplankton field 
program, 1973-79. 

G~ar }fesh Tow Duration Speed 
type Size ( ll) characteristics (miautes) (knots) 

,Neus:::on 505 horizontal-surface 10 "' 
,., 
L 

*Bon so 333 and 505 double oblique 
near bottom to surface 5-20 "' 2 

Tucker (opening 505 horizontal at -10, -30. 5 per 
closing for diel -so, ..:.70, -90 m depth "' 2 
variations) 

Epibenthic sled 505 horizontal-bottom 10 "' 2 
(opening-c1osirig). 

*rate of descent: 
rate. of ascent: 

50 .m of wire/min with 30 second hold at maximum depth 
20 m of wire/min 
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The zooplankton-sampling gear will be deployed from the research vessel 
with .:1 he.:tvy-duty \vinch and cable. The vessel will maintain a speed of 2-3 
knots to permit efficient sampling, Constant rates of descent and ascent 
will !Je maint:~ined and \vire angle and length of wire out will be monitored 
to assure adequate and consistent sampling. A flow~eter will be attached 
to each fr~me in order to measure volume of water filtered. (These methods 
will be modified from the methods of RU 551 to accommodate bay-sampling 
limitations. ) 

Field processing of the samples will include rinsing of the plankton 
samples into 1 1 Nalgene bottles, addition of identification tags to each 
jar, preservation with formaldehyde to. make a 5% formalin solution buffered 
with 20 ml of a saturated sodium tetraborate solution, and subsequent storage 
in alu~inum shipping eontair.ers. 

At the end of each cruise plankton samples will be shipped to the sorting 
center for separation into specified planktonic components. Details of the 
sorting procedure are included in Section VI-B -Analytical methods. Generally, 
the samples \vill be sorted by major taxa and returned to the PI's for detailed 
processing. 

Environmental data will be collected at each station and will include 
prevailing sky conditions, water temperature and salinity profiles. A 
salinometer will be used to measure surface and subsurface temperature and 
salinity. In addition, 2 bathythermograph (XBT) casts will be made per bay 
per sampling cycle. The XBT information will provide temperature profiles 
that can be utilized to augment the extensive surveys' environmental 
observations and can be used to cross-check the concurrent salinometer data. 

B. Analytical Methods 

FRI will pre-sort ca 10% of the plankton samples for fish eggs and 
larvae, return them to the original plankton, and ship them to the sortb.g 
contractor along with the remaining plankton samples. The sorting contractor 
will not know \vhich samples are pre-sorted. Upon completion of sorting, a 
listing of the number of fish eggs and larvae in the sorted samples will be 
sent to FRI. If the numbers of fish eggs and larvae found in the pre-sorted 
samples do not agree closely with the counts obtained by mvAFC, then all 
plankton samples must be re-sorted at contractor's expense. This procedure 
will be repeated until the contrac.tor and .FRI counts agree. 
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The sorting contractor will first take a settled volume of each 
sample (Kra:ner, et al., 1972). All fish eggs and larvae (i.e., samples 
are not s·~lit) ~.rill be sorted out of the neuston, 0.505 mm Bongo, one-
:neter Tucker trawl, and epibenthic sled samples. The fish eg~s and larvae. 
(or juveni~s) will be bottled.separately by the sorting contractor accor,ding 
to station, gear, etc., and returned to FRI for identification. 

Zooplankton from the 0.333 mm Bongo nets, after volumes are determined, 
will be sorted to maJor categories (e'.'g., Class,· Phyla,. ··or .Order) 

from an aliquot of the total (ca 500 organisms) and enumerated. 
An additional subsample >.rill be taken . .by the Kodiak laboratory, m,.rAFC, to 
obtain adequate numbers of shrimp and crab (ca .200 each). Eight major taxa 
(Euphausiacea, Chaetognatha, Copepoda, c~phipoda, Decapoda (Natantia), 
Decapoda (Reptantia), and Pisces eggs and larvae will be placed in separate 
labeled vials and returned to FRI. 

* Selected samples will be examined for approximately 200 adult euphausiids 
which will be identified to species, enumerated, lengths measured and wet 
weights ('i.;'eibe, et al., 1975) determined. The euphausiid species "tvill be 
placed in separate vials and returned to FRI. 

Sa:nples from the Tucker trawl and epibenthic sled (.505 mm mesh) will 
be subsampled for about 500 organisms. From· the sub samples shrimp (Natantia) 
and decapod crab (Reptantia) larvae will be removed. If this·aliquot yields 
insufficient number of decapod larvae, then additional subsampling will be 
conducted by the Kodiak laboratory, m~AFC. 

At FRI, fish eggs and larvae will be identified to lm.;est taxa possible, 
counted (some taxa will be.nieasured), and life history stage noted. These 
data will be entered on ADP forms for keypunching into ADP cards ~nd for 
subsequent analysis (Charts 1 & 2). 

Zooplankton data (numbers per aliquot) and samples will be returned 
by the contractor to FRI for analysis. The aliquot of copepods will be 
sent to the Auke Bay (~IFS) laboratory for identification to species; the 
shrimp and crab samples will be sent to the Kodiak laboratory, NHFS, for 
identification to species and life history stage. Data consisting of 
numbers per species per aliquot will be returned to the Seattle laboratory 
for subsequent analysis. 

Samples of fish eggs and larvae will be archived at· FRI. Copepod 
samples will be stored at the Auke Bay Laboratory and crab and shrimp 
larvae at the Kodiak Laboratory. Other invertebrates will be stored at 
FRI for one year or forwarded to any archiving center designated by OCSEAP. 

Fish eggs and larvae will be identified to the lowest possible taxa 
as will the larvae of cr"ab, shrimp, euphausiids and copepods. Other 
zooplankton will be identified only to class, order, or family. 

* See page 31 for selected samples. 
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Chart 1. Flow diagram for field and laboratory activities 

On station activities 
~record environmental dataj 

'I move to next station .aft.er all samples have been collected 1 
iano considered acceptable _ 

[pres·ort 5-Im' for quality contro 

\ sorted zooplankton returned to Seattle once quality control 
• stanaards h'ave been met 
-} . . 

LaboratorY activities 
~fish larvae identified by FRI. and cross checked with NMFSj 

l I shrimp, crab, copepods sent to respective investigators' 
1 for identification ·I 
bl subsequent preparation of data for analysis 1 

.J, . 
next page 
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Chart 2. Diagra~ of dat~ processing procedure. 
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Table 1. r:~timated numbers of plankton samples to he collected by RU 553 in fY 7fJ, accorodinr.; to cruise period and 
eeilr type • and assocl a ted SOl't i ng costs (based on fY70 co~>ts) 

Cr-uise Period Neuston $ Bongo(0.505) $ l3ongo(0.333) $ 'l'ucker (and sled) $ Total 

Octoher-llovember 1978 28 1260 26 12118 26 2132 32 1848 

r'ehrouary-Haroch 1979 28 1260 26 121~8 26 2132 32 1848 

Sepilr>ation and identification of euphauslids from Bongo(0.505) and Tucker trawl(0.505) samples 
~ollccted from 3/78 - 3/79.* 

*Note: 

TOTAL 

Euphausiids will be removed from Bongo (0.505 mm) samples taken at .stations #I and 13 
in each 'bay and for each cruise and from both day and night Tucker trawl (0.505 mm) 
samples taken at -10 m and -30 m in Kiliuda Bay for all cruises. 

Bongo samples are selected for their proximity to the heads and head~ands of each bay. 
Tucker samples are selected for their proximity to the surface and the depths at 
which birds may feed. 

112 

112 

llllf 
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All data will be·recorded on forms designed to facilitate subsequent 
processing by ADP methods. Computer programs ~•ill be used to convert 
observed data to numbers or biomass per standard unit, either. per 1000 
c.ubic r.:eters of ~•ater filtered or under 10 square meters of sea surface, 
as appropr~ate (Kramer, et al., 1972)~ 

Standard methods of analysis will be used. Examples of such analyses 
for ichthyoplankton may be found in Richardson and Pearcy (1977) and in 
Houde (1977, a, b, c,); for macrozooplankton, in Pearcy, et al. (1977).** 

Field sampling will be conducted in accordance wit~ standard ~~p 
procedures. Flmvmeters will be calibrated before and after each cruise. 
Co~~on stations have been selected to overlap offshore stations of the 
offshore extensive survey for direct comparison of survey results. 
Research Units 551 and 553 ~•ill use the same sa..npling gear mix; 

Adequate quality control checks have been established to monitor 
the performance of the sorting contractor. Routine checks on the accuracy 
of identification of fish larvae will be made. Close coordination will be 
made with the ~~~S extensive survey for agreement in identification of 
larvae and to coordinate typing of unknown specimens. Standard ADP quality 
control checks will be made'. 

VII. Deliverable Products 

A. Digital Data 

The information will be submitted in the proper file type (FT 024) 
to OCSEAP for archival in EDS. Again these data submissions ~•ill be 
carefully coordinated Hith RU 551 (Appendix I). 

B. ~arrative Reports 

The required quarterly and annual reports will be submitted and 
will describe methods, spatial and temporal intensity of sampling, 
current status of knowledge, statistical treatments, results, discussion 
and conclusions. . 

Interim data products will be included in quarterly and annual 
reports as they become available. 

C. Visual Data 

Graphs, tables, and figures will be used (when appropriate) to 
present (as examples): 

a. Di.::lgrams showing the total relative abundance of plankton and 
meroplankton by seasons in selected bays. 

b. Species listings by season in rank order of abundance. 

** See appendix 2 for examples of literature cited 
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C. Visual Data cont'd 

c. Contour maps of the dis.tribution for principal taxa by means 
of overlays. 

d. Contour maps of the distribution of selected species by means 
of overlays. 

e. Figures and tables showing patterns of abundance with depth and 
time i.e., diel and seasonal. 

D. Other Digital Data 

. None. 

E. Data Submission Schedule 

See milestone chart 

VIII. ,Special Sample and Voucher Specimen Archival Plans 

Voucher specimens and series will be retained by the principal 
investigators and duplicates exchanged where appropriate or requested. 
Any generalreouirements of OCSEAP will be accommodated. Samples will 
be retained by .. the PI's for the duration of RU 553. 

IX. Logistics Requirements 

. To be provided by OCSEAP. See attached forms. 

X. Anticipated Problems: 

Field work scheduled for FY 79 will take place during the severe 
weather conditions that characterize Kodiak's autumn and winter periods. 
It is necessary·then tQ consider a significant reduction in the number 
of days suitable for field work, given the length of each cruise period, 
the time needed to collect the normal number of samplep taken during 
a single cruise, and the number of research units participating in a 
single boat charter. We anticipate that field work will be conducted 
in Izhut, Chiniak-Kalsin, and Kiliuda bays. 

However, little or no time may remain to sample Kaiugnak Bay during 
the autumn and/or winter periods. 

We do not anticipate any other major problems. Cooperation with 
NHFS personnel (RU's 380, 490, 551) will provide technical assistance 
if the need arises. 

XI. Information required from Other InVE;!Stigators 

Arrangements have been with NMFS personnel to exchange specimens 
and/or data. when necessary for identification or analytical purposes. 

Funds allocated for sorting expenses are being managed by FRI and 
used by both FRI and NMFS. Communication will therefore be maintained 
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regarding t(_ /status of current and anticipa~_) expenditures. 
Since total samples may exceed the sorting budget periodic 
review of sorting schedule and options will be made. 

Management Plan 

See attached Activity/Milestone/Data Management Chart. This 
is a cooperative proposal among FRI, NMFS, ADF&G, USFWS. The principal 
vehicle of coordin.:~tion 1-lill be frequent one-to-one contacts among 
PI's and the field parties. 

A project office will be maintained at the Kodiak f.:~cilities 
of :;:tFS for use of all PI's and their field parties. 

The final reoort and publications will be authored by the 
respective PI's ·a~d 1vill main.tain their discipline/organization 
ide:J.tific.:~tion. 

This 1vork ~•ill be accomplished under the administrative control 
of Dr. Don Rogers and Dr. ~!urray Hayes: ·All field work, identification 
of ichthyoplankton, and data analyses will be super;,ised by D. Rabir. 
and staff. Copepods will be identified by the Auke Bay laboratory, 
~\;AFC, and crab and shrimp larvae will be identified by the Kodiak 
Laboratory, i-l":·n.lAFC. 

XIII. Outlook 

The overall objectives for this RU are integral in attaining 
overall OCSEAP Program objectives in the Kodiak area - to assess 
temporal changes in species composition of principal life stages 
of marine organisms. Success in attaining this overall objective, 
therefore, is directly dependent upon the ability of this and the 
other integrated RU of this program in fully attaining their 
objectives and meaningfully integral results. The complex and 
temporal nature of the objectives undertaken by this RU preclude 
their attainment in a single season - a minimum of three years will 
be required to adeq~ately delineate seasonal fluctuation, verify . 
conclusions and take full advantage of and integrate information 
obtained by other RU's of this program. While effort levels in the 
four study areas should remain·at the levels shown for FY 78 and 
FY 79, they could be reduced in the initial study areas in FY 80 
and some effort shifted to ne~v study are:1s on Kodi.:~k' s northeast 
and south~,;est sides. This partial shift in effort levels to new 
areas in FY 80 will allow a greater spatial distribution of 
inform.:~tion, permit the representativeness of existing conclusions 
to be tested, and should be able to be done quite efficiently as 
procedures and methodologies will be well established by that time. 

The personnel, logistical requirements and equi?ment needed 
by this RU in FY 79 and FY 80 are anticipated to rem::~in essentially 
the same as those stated for FY 78 with the exception of"inflationary 
increases. As st.:~ted earlier, a partial shift in emphasis should 
occur in FY 80 so as to determine the representativeness of results 
from the initial four studv are::~s. These shifts could be moving 
effort in Kalsin and Kaiugnak bays to west Marmot Bay, inner Ugak 
Bay and/or Alitak Bay, while maintaining existing effort levels in 
the I~hut .:~nd/or Kiliuda Say sampling areas. 

Projected fundir.g needs for FY 80 are estimated at $175,000 
(excludi~g lo~istics). 
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XIV. Standard Statements 

1. Updated Activity/Nilestone/Data }!anagement Charts will be submitted 
quarterly. 

2. Quarterly reports will be submitted i~ 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. t·!here biota are concerned, all species and higher categories t·.dll 
be represented by the voucher _·specimens that will be preserved, 
labelled, held, and shipped to an official OCSEAP-designated 
repository in conformity with OCSE.~ voucher specimen policy. 
Vouchering will include life history stages (e.g., larvae, juveniles, 
adults) when these are used,· and sexes where they 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, 
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 t.Tith OCSEAP funds remains tdth 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 tvill be submitted to the appropriate Project Office 
at least sixty (60 days prior to release for information and for 
forwarding to BL}!. The release of such material within a period of 
less than sixty (60 days shall be made only with prior \olritten 
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 deveioped under 
OCSE,\P funds will acknm•ledge BL~I/OCSEAP sponsorship. The 
follo\ving acknowledgement is standard. 

"This study was supported by the Bureau of Land 
Nanagement 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 Continent~l Shelf 
Environmental Assessment Program (OCSEAP) Office." 
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~ouce, w• D. l977a. 
::t~·::::·2US 'teres .. 
Gu.!.:: a:= :·:e:·:ico. 

37 

A!::ltlncance and potential ·rield of the roun:i herri:i:, 
and aspects of its ea'!:'ly 1.:.:e his1:ory in the eas-::e~:-t 

Fish. 3u~l. 75(1):51-~0. 

=:ct.!te ....... Z). 19771:,.. Abundance and potential :viald of the Atlantic t::.~e::d 
~er"!"!n:~, ~pist~:)ne~a o=:li:v..:.:n~ and as-pect:s of its early li::e hist:-::':r in 
;:::_e eas\:ern Gul:::' o:: :·:exico. Fish. Sull .. 75 ( 3): 4'33-512. 

Ho-:..:ce, ::. :::. l'J77c. ~undance and potential yield of the scaled sarc:.::e, 
~ar~~;:-:..:.!.a :ag·una., and as-pe·:~:!:S of i1:.::; Z3arly li=e histOr'J in the eas1:e~n 
G~l= o~- :-;e:{ico. Fish. ·3ull. 75(.3):613:-~£8 .. 

!<~.:::e~, !) • ., :·!. J. Kali.~, E. G. Steven~, J ~ · R. Thr3ikill., and j. R. Z:-.... e.:..=el .. 
1972. Collectin~ a"'ld proces~iTig ·data en fis!l eg5s and lar,rae in t:-~e 

-=o:-:1ia cur!:":n!:' region. !IOA .. ~ Tech. Rep. N!·!?S Circ.-3,70, 38 p .. 

** , ~·1. G .. , E .. E. ::<rygie!", !t. :l·~escar, and F. 1977 .. Vertica!. 
di.stri=:u::ion and migration of oceanic micronekton off Oregon. 
Sea ~es. 24:233-2~5. 

** :tic~arc3on, S. L., and. :·1. G. ?earcy. 1977. Coastal.and oceanic fish la.r·:ae 
in an area of upwelling o== Yaquina , Oregon. Fish. Bull. 75(2.):125-
147. 

Hei:::;e, P. H., S. Bovd, and J. L. Cox. 1975. Relationships bet~.;een zooplankton 
di3placer::ent v~lu:..e, wet Height, dry weight, and carbon. Fish. Bull. 
73(4):777-785. 

. ** included in appendix 2 
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HILESTOtiE CllfiRT / - planned initiation 

0 P Plunned Completion Date 

X --Actunl Completion Date 
(to be uncd on quarterly updates) 

RU II 5'> 1 ( Zo•lp-1 ankton) PI: nr. nona 1 d F.. Rogers Project I.eatlcr: Doug R~1bln 

Major Milestones: Reporting, nnd other aignificnnt 
contractual requirements;. periods of .field work; \.'orltshops; etc. 

HfiJOR HILESTONES 
1971! 

0 N D 

Final izc sampling plan with OCSEAP,ct al. 0 

Purchase equipment and supplies 0 

EstahlfRh plankton sorting agreement 0 

Hire field und laboratory personnel 0 

Cond11ct field work 1---0 

Ship plankton samples for sorting 0 

Id~ntify designated planktonic components 

An.aly.ze vJankton data 

X 

SuhwlJ:. anmwl report \vi th data and vrel im-
in~ry analysis (from spring summer 1978 

1979 
J F M A M J J A S 0 ll D 

1---o 

1~----..:. __ :._ ________ _;0 

/---------0 

X 

X 

~~~UL~~~--------------------------------------------------------~--------------------------------
.SJJ.hmit final report for FY 78 and FY 79 
zoopL:mkton research 

X 



Dat:t Typl.' 
(I.e. lntl.'rtidal, 
llenthtc Org;~niHm!l, 
l' t c.) 

1. Zooplankton 

l·!C'd in 
(Cards, cod
lnr, ::;hect!l, 
tnpc!l, c.lisks) 

tapes 

Estimntcd 
Volume 
(Volume of 
processed datn) 

2-3 tapes 

July 1978 

DATA PRODUCTS SCHEDULE ·-------- For lUI 553 (Zooplankton) 

OCSEi\P 
format 
(If known) 

024 

ProccrwJnr, nnd 
Jlonna t1 ng done 
by Project 
(YcB or Uo) 

by FRI 

Collection 
l'c r:l od 

. (Non l:h/Ycnr to Hon th/Yc.1 r) 

March/78 to Harch/79 

Subm [ !111! on 
(!·!outh/Yc;r 

April and 

September /79 
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July 1978 

I.OC:lSTICS P..EC)UIP.F:~!ENTS for RU 553 (Zooplankton) 

Plca~e fill in all spaces or indicate not applicable (N/A). Use additional 
shcet5 as nccc5~ary. Budget line items conccrnin~ lozistics should be k~ycd 
to the relevant item described on these forr.ts. 

H:STITUTIO~; Fish. Res. Inst. / Uti.iv. WA PRH:CIPAL H!VESTIGATOR Dr.· Donald E~ Rogers 

Project L~ader: Doug Rabin 

A. SHI? St.:PPO~T (for FY 79) 

1. Deli~eate ~~opbsed tra~ks ~nd/or sampling grids, by leg, on a chart of the area 
Include a list of. proposed station· geographic positions. See. Figures .lA and 1~ 

3nd Table 2. Stations associated with Izhut, Chiniak, Kiliuda, & Kaiugnak bay areas. 

2. Describe types of ob~ervatidns to be made on tracks ~rid/6r at ~ach grid station 
Include a description of shipboard sampling operations. ne as specific .qnd co:n· 
prchensive as possible. 60 em bongo net arrays, neus ton net, mid-wa~er Tucker 

tra'vl ·, epibenthic sled, temp/salinity instrumentation, echo sounder records· 

3. · lfrmt is the optimum time chronolo~y of observations on a 'leg and seasonal hasi5 
and what is the naximum allowable departure from these optimum times? (Key to 
cl1art prepared under Item 1 when necessary for clarification.)Two cruises, one 

during Oct-:;ov 1973 & second during Feb-!!-!ar 1979. Schedule one \veek/bay/cruise (2 day 
olankton. 2 davs fish, 3 days weather) 

''· llo~1 r:1::my sea days are required for each leg? (Assu:ne vessel cruising speed of 
11+ knots for t;QAA vessels. Do not include running time from port to hegilmin3 
point and from end point to port and do not include a w~ather factor.) 

·See above. 

5. Do you con~idcr your investigation to be·the principal one for the operation th 
rcquirinz other activities to piggyback or could you piggyback? 

Principal user. 
Ap;:>roximately hm-1 many vessel hours per day will be required. for your obser.vnt~ 
and must tl1cse hours be during daylight? Include an estimate of sampling-time 
station and sample processing ,time between stations. 

8-12 daylight hours. 

6. \~hat equipment and personnel >:Jould you expect the ·ship to provide? 
Adequate H/0 winch, operator, booms to lift and deploy gear, dry storage, _work space, 
navigation, fish finder, radar, radio, 20 cu ft. freezer. 

7. lJhat is the approximate \Ieight and volur.~c of equipr.wnt you uill bring? 

2-4000 lbs 100 ft
3 

8. Will your datn or cquip~ent require special handling? No 
describe. 
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t-.'i ll. you l·cqui::c nny c~:.:es and/or: chct.1icals? Yes If yes, they. r;hould be. on 
bo~rd the ship prior to dcpartc::o fro~ Seattle or tl~a allo~ed for uhipmc.nt by 
bar~c. · ·

1
. · .·· . 

Forma Ln tor preservat1on 

Do roa h.:l'/C a ship p::cfc:-cncc, either !;OA.A or- non-!:0:~-.!.? If "yes", plc01ne n;::::e th•~ 
vcr;scl ord give the reason. for so SOJCcifyiOlz. CO:.t·!AXDO - multipurpose fishing type 

, .. ith ere~• of 3··,including master, deck hand f isherr.J.an-cook, engineer. 

If you reco:::..-::an.d the usa of a r:.on-!:OAA vessel, l-:hat is the per sea day ch<J.rtcr 
cost ;;md h::r:e you. verified its availabiii::y? . . ·' ., I . -

_ The Cffit·L\~:DO is available at $1,-00 day 

llo:.r l!' .. :my people mu~t you hrivc en bourd for each leg? Include a list of partici
pants, specifically idcntifyir:.g an::l ~•ho are foreign nationo.ls. Normally 4. 

l project leader and 3· scientists/technicians 
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July 1973 

App~ndix I~ _File Type 024 -- Zooplankton_ 

Cor.~on to all records 
File Type 
File Identifier 
Record Type 
Station ~<umber 

Record Type 1 - File Header 
Vessel 
Cruise/Cruise Dates 
Area/ Project 
Investigator/Institution 

Record Type 2 - Location 
Latitude/Longitude 
Date in G:·!T /Time in Gm 
Depth to bottom 
Sample Interval 
Ship Speed 
Surface \"ater Temperature 

Record Type 3 - Total Haul Data 
Gear Code/~esh Size · 
Duration/Haul Length 
Total Settled Volume 
Total \.Sater Displaced 
Total Dry \-Ieight of Haul 
Volucte of \<later Filtered 
Duration of Tow 
Haul Type Code 

Rer.ord Type 4 - Subsample Data 
Sample ~umber/Taxonomic Code 
Life History Code 
Size of'. Subsample 
~umber. in Subsample 
Concentration 
DryNet 1-Ieight 
Nur.~ber of Adults 
Number of Juveniles 
Nuctber of Eggs/Larvae 

Record Type 5 - Text 
Sequence ~umber 
Text 

Record Type 6 - Subsample Data 
Concentrati.:>n 
all other Fi~ld Names 

Range, use and/or meaning · 
Always '024' 

Zl-Z9, Cl-C9, L1-L9, G1-G9* 

R/V Commando 
01.;.12/~larch 01,1978- April 30, 1979 
Kod:i,ak/ Kodiak Food !.Seb (Rr: 553) 
Rogers.and R~bin/FRI-UW 

55'00 100"-60'00'00"/148'00'00"-157'00'00" 
~arch 01, 1978 - April 30, 1979/00:00-23:59 
5-500 meters 
0-300 meters 
1.0-9.0 knots 
-1.0-15.0 degrees Celsius 

(use File 024 Gear Code) 
0.1-1.0 hours/10-3000 meters 
0-9999 ml 
N/A 
N/A 
50-1500 m

3 

0 hr 4 min 0 sec- 1 hr 0 min O'sec 
D = double oblique; H = horizontal 

*use letter/number combination/Zooplankton-Fishes 
0,1,2,3,4,5,6,7,8 
0.1-100.0 i. 
0-10,000 
·o-l,OOO.per m3 

N/A 
0-1000 
0-5,000 
0-50,000/0-10,000 

3 0-999.999 per m 
sa~e as for Record Type 4 
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Life History Code 

'blank - rro information 
0 - Indeterminable 
1 - Egg 
2 - Nauplius 
3 - Zoea 
4 - ~!egalop 
5 - Vel:!.ger 
6 - Larva. 
7 - Juvenile 
8 - Adult 
9- Combination of 6~ 7, a.nd 8 
A - Combination of 7 and 8 
B- Combination or'6 and 7 
C -Juvenile/adult - sexual maturity unknown 
0 - Polyp 
.E - Cypri~ 
F - Copepodid 
G - Pupa 
I! - Nymph 
L - Eg~ carrying female 
ll, - Ege case 
P - Parts 
Q - Irnr.1ature 
R - Subadult 
S - Trochophore lar'lae 
T - Subadults and juveniles 
U - Mating pairs 
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File 0211 CJear Coue 

01 3/4 meter ring net 

02 - 1 meter ring net 

03 1 meter NIO (National I11st·1'tut~ f 0 · ) 
v "' o t:Cctnot;raphy net 

04 - 60 centimeter Bongo net 

05 - 60 centimeter Vertical closing ringnet 

06 - l foot ring net 

01 - Niskin bo<;tle 

08 - 2 meter Tucker net 

09 - Sruniyoto Ncuston sampler 

10 - · 5 x 1. 0 meter 11armr:lp !reus ton Net 

11 - Centimeter Bonr;o r:E:t 

12 - 20 Centimeter BonBo Uet 

13 - l.O x 2. 0 Hett>r l·larmnp Heust.cr, Net 

14 - 6 foot Is::;acs-ndd ;.tith.rater Trmrl 

15 - Ep:!.-be:~thic slo:.l vii t!-1 tvo l meter 'l'ud~er Traw;ts 

16 One meter Tucker Tra•d with two nets 

17 - One meter 'l'uekcl' T•·,:l.\·,·1 '·11. ~·Jl • . - fonr net~; 

The following were submitted as Appendix 2 for this proposal: 

• I 

Richardson, Sally L. and William G. Pearcy (1977). 
Fish Larvae in an Area of Upwelling off Yaquina 
FISHERY BULLETON: VOL. 7~ NO. 1, pp. 125 - 145. 

"Coastal aud Oceanic 
Bay, Oregon", 

Pearcy, w. G., E. E. Krygier, R. Hesecar and F. Ramsey (1977). "Vertical 
distribution. and migration of oceanic micronekton off Oregon", 
DEEP-SEA RESEARCH, Vol. 24, pp. 223 - 245. 
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UNIVERSITY OF WASHINGTON 
SEArfLF., WASHIXGTON 98195 

College {If Fisherie~ 
Fish«ri•·' Research b~st·ilute 27 l\ov2mbar 1978 

Dr. Herbert E. Bruce, Project Manager 
OCSEAP Project Office 
P. 0. Box 1808 
Juneau, Alaska 99802 

D2ar Dr. ~ruce·, 

This letter is written in response to your letter, RF x 41-553-2166, dated 
November 15, 1978. ·.Several corrun,ents have been made by your office on our 
(RU 553) revised proposal for FY '79. Our additions, clarifications; and 
explanations to your questions/observations, as appropriate, are listed belcH. 

Item 1. Please accept a change in the proposal title to "Seasonal 
Composition •••• Kodiak Island- Including Ichthyoplankton, 
Neroplankton (Shellfish), Zooplankton and Fish." 

Item 2. Section VII. B. (p. 4). A final report based·on FY 1 s '78 and 1 79 
field sampling data analysis and literature revie\v Hill be submitted 
on September 30, 1979. 

Item 3. Statement acknm..rledged and noted for incorporation into revised proposal. 

Item 4. Statement acknm..-ledged and noted for incorporation into revised proposal. 

Item 5. 

Item 6. 

Item 7. 

Item 8. 

Section IV. First paragraph (p. 19). Second sentence should read 
"This research \-las requested .•.• impact of OCS oil and gas development 
in the Kodiak lease area." 

Statement acknm·rledged and noted for incorporation into revised proposal. 

Section VI. B. (p. 28). Please note- copepods will not be identified 
by personnel at the Auke Bay (.l'i~IFS) laboratory, in FY 1 78 or 1 79, due 
to an OCSEAP decision not to fund this \·mrk (see letter to Doug Rabin, 
FRI, from Hurray Hayes, N~lFS/r1'.~AFC, dated Novcaber 8, 1978). Consequentl 
a listing and analysis of copepod_sp~cies will not be reported on. 
Section VII. C. (p. 32) should indicate that taxonomic analysis will he 
presented by FRI for ichthyoplankton, cuphausiids and zooplankton in 
accordance with the appropriate visual data products: 

Section VII. X. (p. 32). A final n~p6rt based on 7:i 1 s 1 78 and 1 79 \>ork 
statements Hill be submitecl on September 30, 1979. 

cont 1 d .•.• /. 
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Dr. Herbert E. Bruce 
Page 2 
November 27, 1978 

Item 9. Statement acknm,ledged -----

Item 10. ---- Statement ac knmvl edged 

Item 11- Statement acknowledged 

and 

and 

and 

noted for incorporation into rev1 sed proposal. 

noted for incorporation into revised proposal. 

noteci for incorporation into revised proposal 

Item 12. P. 34 and p. 41. Dr. Nurray Hayes 1 administrative responsibilities in 
RU 553 for FY 1 79 will be directed toHards the proper management of 
those (Reptantia and Natantia) samples that have been and Hill be 
collected by RU 553. 

We anticipate these additions, clarifications, ·and explanations l·lill both 
satisfy the proposal 1 s-needs and permit the ·immediate ini~iation of funding for 
ongoing FY. 1 79 field/laboratory_ research.· 

DER:DR:ikp 
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Sincerely, . 

(/! 1 (J-~!e?vt.if/ f;_-f.J9/.,:J/L--t YJ 
Donald E. Rogers 
Principal Investigator 



TITLE: QUALITY ASSURANCE PROGRAH FOR TRACE PETROLEUN COMPONENT ANALYSIS. 
OCSEAP Research Unit 557. 

PRINCIPAL INVESTIGATOR: William D. Macleod, Jr., Ph.D. 

TOTAL COST OF PROPOSAL: $50 K 

PERIOD OF PROPOSAL: October l, 1978 through September 30, 1979 

INSTITUTION: NOAA National Analytical Facility 
Environmental Conservation Division 
National Marine Fisheries Service 
National Oceanic and Atmospheric Administration 
Northwest and Alaska Fisheries Center 
2725 Montlake Boulevard East 
Seattle, Washington 98112 

PRINCIPAL INVESTIGATOR: 

Center, 
E., Seattle, WA 98112 

FTS 399-4240 

/' 

ORGANIZATIONAL APPROVAL: 

Name--.--------,.:;=..,....-~--'!----'-J--+--++----'-,----Date ifll? f Signature 
Pas it ion: ----..-0 ,..-. r-e-ci'"to=-r""",:::......,.En-v ... i--:'-r....:..o -"-nm:""'e~n7t"'"'a li"-;<C:""'o"""'n s-'e'-r-:v--t-;--,~~~---i---
Address: NOAA, NMFS, Northwest & Alaska isheries Center, 

2725 Montlake Blvd. E., Seattle, WA 98112 
Telephone: (206) 442-7737 

ORGANIZATIONAL FINANCE OFFICER: 

FTS 399-7737 

Name~------------------------------------Date _____ _ Signature ____________________________________ ___ 
Address: 

Telephone: 

August 31, 1978 
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TECHNICAL PROPOSAL 

I. TITLE: Quality Assurance Program for Trace Petroleum Component Analys·is 

RESEARCH UNIT NU~fBER: 557 

CONTRACT NUMBER: 

PROPOSED DATES OF CONTRACT: October 1, 1978- September 30, 1979 

II. PRINCIPAL INVESTIGATOR: Wi,lliam D. t~acLeod, Jr •• Ph.D. 
Manager, NOAA National Analytical Facility 

III. COST OF PROPOSAL: 

A. Science 

B. PI - provided logistics 

C. Total 

$50.0 K 

0.0 

$50.0 K 

D. Distribution of effort by Lease· Area: Non-Area Specific 

, Laboratory Studies 

IV. BACKGROUND: 

. ·' ,. ... 

A quality assurance prograni for chemical analyses of p~troleum campo· 

nents among BLM/OCS environmental studies is an objective of the BLM(OCS and 

OCSEAP programs. In connection with this, OCSEAP has prepared an interim 

reference material from a harbor sediment known to be contaminated with ali

phatic and aromatic hydrocarbons. The NOAA National Analytical Facility 

(NAF) has performed over 30 replicate analyses on 100-g portions of this 

reference material by four procedures typical of the state-of-the-art 

required for OCS environmental studies. When the reference material (sedi

ment) met satisfactory homogeneity criteria by these analyses, NAF distri

buted six 100-g portions to each of 14 BLM/OCS PI's for interlaboratory com

parisons. Continuation of this program in FY 79 is necessary to collate the 

analytical data, when reported, and place them in a statistical context for 

the NOAA/BLM OCS program. 
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In addition to hydrocarbons, petroleum contains many organic compounds 

more polar than hydrocarbons. Analytical methodology to extract and analyze 
' such polar organics at trace levels remains largely unexplored with respect 

to samples from the marine environment. Hence, establishment of efficient, 

statistically-proven, ultra-sensitive analytical procedures is important to 

the OCS program. 

OBJECTIVES: 

The objectives are to coordinate and conduct an analytical quality 

assurance program that permits comparison of results among investigators 

within the OCSEAP program as well as between OCSEAP and. other BU4-funded 

investigators, and to recommend procedural modifications for improved 

analytical techniques. Specifically, these objectives include: 

1. Continue to distribute interim intercalibration reference 

materials for heavy hydrocarbon analysis. 

2. Receive and tabulate results of analysis of reference material 

by other laboratories. Submit these data to OCSEAP/BU1. 

3. Evaluate existing methods and develop new methods for the 

analysis of hydrocarbons and petroleum-related polar compounds 

in environmental samples. Recommend procedural modifications 

to OCSEAP/BLM. 

4. Summarize and submit to OCSEAP/Blf.1 all NAF data on the char-

acterization and chemical composition of two typical Alaskan 

crude oils. Integrate this data with oil-industry data on 

A 1 as kan crudes. Industry data to be supplied by OCSEAP/BLH. 
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VI. STRATEGY AND APPROACH: 

1. · Hhen the results from hydrocarbon analyses of the interim inter-

calibration material are returned to NAF from the 14 OCS PI's, NAF will 

collate the results; NHAFC statisticians will evaluate the data. The results 

of the statistical analysis of the intercalibration data will be reported to 

OCSEAP. OCSEAP has suggeste~ to the 14 participating laboratori.es that the 

24 aliphatic and 21 aromatic hydrocarbons routinely reported by NAF als'o be 

reported by them. If most of tb.ese laboratories report back analytical data 

on most of these hydrocarbons, along with typical blank analyses, it should 

be possible to .make useful statistical statements about'the quality assurance 

of OCS hydrocarbon analyses. 

2. During FY 1978 NAF perfoqned over 30 replicate analyses on the 

reference material in question, using four typical current extraction pro

cedures. When the statistical evaluation of the intercalibration ~nalyses 

is complete, analytical methodology for hydrocarbons ,in sediments may be 

explored further, if problems st.ill exist with the methodology~ In addition, 

studies will be directed toward efficient and reproducible trace analyses of 

polar petroleum-related organic compounds from marine environmental samples. 

As an initial step, NAF will isolate various polar petroleum organics 

and test their recovery in analytical procedures at ppb levels. using sensitive 

glass capillary gas chromatography (GC) and mass spectrometry (MS) techniques, 

and others as becomes necessary. If conditions can be found that permit 50% 

or better recovery at the 10-8 g level, the lQ-9 g level should be tested. 

3. Analysis of the composition of the two main Alaskan crude oils (Upper . . 

Cook and Prudhoe) will employ standard NAF adsorption chromatography, GC and 

GC/MS techniques described in NOAA Tech. Memo. ERL MESA-8. Principal con-

stituents amenable to these techniques will be identified by their mass 
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spectra and GC retentions, where suitable ref~rence spectra or compoumds are 

available. Special attention \'lill be given to the polar fraction that 

follows the aromatic hydrocarbons on adsorption chromatography. Other. 

analytical techniques will be employed as necessary. Gravimetric quamtita

tions of the aliphatic, aromatic and polar fractions will be compared with 

quantitations of the total GC response of these fractions. 

VII. OUTPUT: 

A. DIGITAL DATA: 

Digital data from chemical analyses will be tabulated in standaro NAF 

format for compounds routinely reported by ~IAF. 

B. NARRATIVE: 

In quarterly and annual reports, NAF will describe the findings l!I.f the 

project which will include parameters measured, numbers ,of samples 

analyzed, methodology employed,; improvements or recommendations n;n 

methodology, results from the intercalibration study with statistical 

evaluation of the data and analysis of Alaskan crude oils. 

C. VISUAL DATA: 

NAF \-Jill support parts A and B with charts and graphs (e.g. , gas chro

matograms, mass spectra) to illustrate the analyses of petroleum con

stituents in environmental samples, and the intercalibration r.es1ults. 

D. OTHER: 

NAF will retain laboratory logbooks, notebooks, working GC analysis 

charts and MS data tapes for one year after contract completion. 

E. DATA SUBMISSION: 

Chemical analytical data will be submitted \'lith quarterly and anmual 

reports. 
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VIII. SAMPLE ARCHIVAL PLANS: 

NAF will store the interim intercalibration reference material at -l5°C 

until the supply is exhausted. 

IX.·· LOGISTICS REQUIREt~ENTS: None 

X. ANTICIPATED PROBL81S: None 

XI. INFORMATION REQUIRED FROM ClTHER INVESTIGATORS: 

NAF requires the analytical results from the interim intercalibration 

reference material from the 14 OCSEAP and BLM/OCS PI's. OCSEAP has issued 

instructions to these PI's and assumes responsibility for their compliance. 

XII. ACTIVITY/MILESTONE CHART: See attached Milestone Chart. 

XIII. OUTLOOK:. 

Quality.assurance studies will be needed as long as OCSEAP is collecting 

chemical analytical data. As analytical methodology· for polar organics in 

petroleum proves effective and comes on-stream for chemical analys~s, NAF 

believes that OCSEAP should include analyses of selected nitrogen, oxygen,. 

and sulfur (N, 0, S) containing compounds in their quality assurance program. 
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I MAJOR MILESTONES 
I 

Quarterly Reports 

I Annual Report 

AK oi 1 composition data 

Intercalibration results 

MILESTONE CHART 

RU If: 557 , PI: I~ ill i am D. 'Macleod. Jr. 

·Major Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops, etc. 
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1. COVER PAGE 

Proposal Title 

OIL POOLING UNDER SEA ICE 
(In association with RFP NOAA 11-78) 
The Transport and Behavior of Oil Spilled 
in and Under Sea Ice 
Research Unit 562 

Principal Investigator 

A. Kovacs 

Total Cost 

$56,464· 

Institution 

8 January 1978 

U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, rl.H. 03755 

Period of'.Work 

1 April 1978 to 30 September 1979 

Signature 

~-~~ 
A. Kovacs (ext 411) 
(Principal Investigator) 

~~ +---· 
. \ J , K· -t· -"-C'-\:.tL~ · 

D.R. FREITAG (ext 201) · 
(Technical Director) 

CRREL Telephone (603) 643-3200 
AUTOVON: 684-3400 
FTS: 834-7585,6,7 · 
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IV. Background 

· The main thrust of this proposal is to obtain information on the 
significant bottom relief which exists under both first and multi-year 
sea ice. This work will be a large scale extension of previous field 
studies performed under OCSEAP Research Unit #88, DYNAMICS OF NEAR
SHORE SEA ICE. It is also directly associated with and will provide 
topographic information needed to evaluate the migration behavior and 
pooling of oil released under sea ice as required in NOAA RFP: 11-78 
"The Trans·port and Behavior of Oil Spilled in and Under Sea Ice. " 

V. Objectives 

The objective of this proposal is to acquire detailed cross
sectional information on the thickness and bottom relief of both-first 
year and multi-year sea ice found in the waters over the continental 
shelf of Beaufort and Chukchi Sea. Cross-sectional profiles of first
·year sea ice of different thicknes-s will be obtained to determine the 
meso scale bottom relief vs ice thickness. The special variation in 
under ice relief will also be determined. The profiling will provide 
under ice topographfc information which will be used to determine the 
direction that oil discharged under fast ice will flow and the quantity 
of oil which can be expected to pool in the under ice relief. 

VI. General Strategy and AEProach 

The proposed field observations wlll be made in the area of our 
past field camp on Narwhale Island located to the northeast of Prudhoe 
Bay and the area of Harrison Bay. The field work will be focused on the 
?rudhoe Bay - Harrison Bay area as it is an area of current offshore 
exploration interest. The proposed field study makes use of previous 
survey results which have been published in the 1977 proceedings of 
the 9th Annual Offshore Technology Conference as OTC Paper 2949 "Sea 
ice thickness profiling and under ice oil entrapment" by A. Kovacs 
(see attached report). These results indicate that the bottom of first 
year sea ice has significant relief which could greatly limit the 
lateral spread of oil. The intent of this study is to verify this 
finding, to determine if the bottom relief of first year sea ice varies 
with thickness and to determine if the relief consists of individual 
pockets or is a series of ripples. The spatial configuration and dis
tribution of the under ice relief will of course govern the lateral 
movement of oil under sea ice. 

If it is found that the bottom relief under first year sea ice is 
a series. of ripples, then the distance between and the preferred orien
tation of the ripple will be determined. Current information will be 
studied to ascertain if the ripples are the result of water movement 
under the fast ice cover. 
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VII. Sampling Methods 

Cross-section profiling will be made using a VHF impulse radar · 
system. .This system and its operation is described in ·the report 
"Sea Ice., Thickness Profiling and Under Ice Oil Entrapment" by· A. Kovacs. 
The report is included herein as Appendix A. The radar system will be 
operated from the ice surface. The radar antenna will be pulled along 
the ice surface at approximately 2 km/hr. At this speed the sampling 
rate of the radar will provide a depth measurement every 5 em. This 
rate is more than adequate to provide the horizontal resolution needed 
to give a rep~esentative cross-section of the ice cover. · ': 

An elevation survey.will be made along each section of ice to be 
profiled. The station markers from this survey will serve as distance 
control markers for the radar profile. Direct drill hole thickness 
measurements will be made at several stations along each profile. 
These depth measurements will provide ice thickness information. to be 
used as a check on the radar measurements.· 

To determine if the relief•under the fast ice consists of random 
pockets or has a preferred "ripple" orientation, ten or more parallel 
profiles will be made. The separation between the profiles will be 
determined in the field and will b~ governed by the apparent frequency 
of the under ice relief. However,- based on previous survey-results the 
separation between the lines will probabli be between .2 and 5 m, i.e. 
significantly less than one half of.the appa.;rent periodi~ity of the 
under ice undulations. The resulting profile information will be used 
to construct a topographic map from which an assessment will pe made 
of the under ice relief and the, quantity of oil :which coUld pool within 
it. 

VIII. Analytical Methods 

Not applicable. 

IX. Anticipated Problems 

Foreseen funding delays will probably preclude initiation of 
field work during April-May 1978 when the first major and timely field 
effort should be made. This anticipated delay can be avoided by rapid 
transfer of funds upon project approval •. 

X. Deliverable Products 

The results of theprogram will be a CRREL·report(s) describing the 
fie~d study and the analysis results •. The report will contain appropriate 
maps, graphs, photographs, data tabulations, original graphic records, 
etc as requi~ed to best .develop .the specl~ic aspect of the research •. 
Graphic and analog magnetic tape . records of the field data will be sub
mitted for accession into the OCS data bank. 
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XI. Information Required from other Investigators 

None. 

XII. Quality Assurance Plans 

Not applicable. 

XIII. .Archival Plans 

Not applicable. 

XIV. Logistics Requirements 

A. Ship Support 
Not applicable. 

B. Aircraft Support - Fixed Wing 
Not applicable. 

C. Aircraft Support - Helicopter 
1. Locations of flights 

Prudhoe Bay - Harrison Bay area. To .transport 
personnel and equipment to survey sites on the fast ice. 

2. Types of observations 
To perform impulse radar profiling. 

3. Time 
Winter profiling is to be undertaken in late April 

(April 15-30}. Fall profiling shall be undertaken in 
late October when the fast ice is relatively thin. 
Departure from the late winter field program into May 
may prevent the obtaining of profile information if 
an early warming occurs as occurred in 1977. When the 
sea ice warms up the brine channels.open up. This 
increases the conductivity of the ice, preventing the 
radar transmitted electromagnetic energy from penetrating 
to the ice bottom and back. 

4. Days - hours of operation 
During each flyable day helicopter transport to and 

from the field site will be required. Flight time will 
depend upon distance from Prudhoe Bay to the work site. 

5. Passengers 
Max passenger load will be three per trip. 

6. Equipment 
Internal load will be approx. 500 lbs. to be moved 

with personnel. External load may be 800 lbs and would 
consist of a Cushman Trackster. 
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7. Helicopter type 
205 or equivalent. 

8. Helicopter source 
NOAA because they are generally responsiv~ to project 

needs. 

9. Helicopter cost 
Not Available 

10. Staging area 
Deadhorse and Oliktuk Dew Line Station. 

11. Navigation 
Inertial navigation desired for easy relocation of 

work sites. 

D. Quarters and Subsistence Support 

1. Prudhoe Bay Study 
a. Location - Deadhorse 
b. Time - 12 April - 1 May 
c. Personnel -max 3 persons - approx 21 man days. 

Harrison Bay Study 
a. Location - Oliktuk Dew Line Station 
b. Time - 20 April - 25 April 
c. Personnel -max 3 project persons with possible 

2 NOAA aircraft persons- approx. 15 man days. 

2. Support source 
Mukluk at Deadhorse and the Dew Line Station at 

Oliktuk P~. 

3. Cost 
As arranged by the Alaska OCS Project Office. 

E. Special Logistic Problems 

None 

IV. Management Plan 

The principal investigator is highly experienced in managing 
Arctic and Antarctic research_programs and is presently a principal 
investigator along with W.F. Weeks in OCSEAP Research Unit #88 Dynamics 
of Near-Shore Sea Ice. 

The proposed program will develop as follows: 
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1. Perform winter profile studies in Prudhoe
Harrison Bay area. 

2. Supply early interpretation results to 
investigators working on NOAA RK-8-0031 
contract studies. 

3. Perform fall profile studies in the 
Prudhoe-Harrison Bay area. 

4. Complete first paper on cumulated field 
results. 

XVI. Outlook 

15 April 78 

30 July 78 

15 Oct 78 

1 Jun 79 

The proposed study will provide information on subice topography 
needed to understand the movement and pooling of oil under fast ice and 
multi-year ice as needed by those investigators performing work under 
the pending NOAA 11-78 solicitation "The transport and behavior of 
oil spilled in and under sea ice." The work proposed here will be an 
extension of a pilot study made in conjunction with past work performed 
under OCSEAP work unit R.U. #88. Additional work on under ice topog
raphy may be proposed as a result of the data to be obtained and to 
verify that similar relief exists at fast ice locations along the Chukchi 
and Bering Sea coasts. The cost of this expanded field work is of the 
order of $75K. 

XVII. The standard statements numbered 1, 2, 4, 5, 6, 7, 8, 9 and 10 as 
given in the instructions for preparing proposals to OCSEAP/NOAA are 
applicable to this proposal and will be binding under the contract. 
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Archival of Voucher Specimens of Biological :Haterials 
Collected under the Outer Continental Shelf 

Environmental Assessment P:rograrn 
(OCSEAP) Support 

Solicitation No. NOAA ll-78 

Research Unit 563 

Principal Investigator: William N. Eschmeyer 

Total Cost of Project: $119,009 

Institution: California Academy of Sciences 

Departments: Ichthyology, Invertebrate Zoology, Botany~ . ofilers a.s. nc~eded 

Principal Investigator: 

I l 'I ., . ("::~ I 
Lt.: ... {tht~·p-1 \ l L:. '· ·~·;:n.::.5t.l'-'[ 
Dr. William N •. E~chme"l,~r ' 
Director of Research 
California Acac!E:my of Sciences 
Golden Gate Park 
San Francisco~ GA 94118 
(415) 221-5100 (ext. 2~0) 

Other signatare·s: 

fii ·.1 cp t1 .. 
!4J~~ 5 .... '\!;:~ ..... --~~ 

_G_e_o-rg~e- E\::, I..indsay .-.:..0 
Director· . 
California Academy of Scien~es 
(415) 221-5100 (ext,. 224) 

Busin ss .1o.n 
Califo. :l.ia .~~-~.adeL•Y of Sciences 
(415) 221-5100. (ext. 28C) 
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TECHNICAL PROPOSAL 

Archival of Voucher Specimens of Biological Materials 
Collected under the Outer Continental Shelf 

Environmental Assessment Program 
(OCSEAP) Support 

Solicitation Number: NOAA 11-78 

Research Unit Number: California Academy of Sciences 

Contract Number: 

Proposed Date of Contract: April 1, 1978 to March 31, 1981, with 
possible renewal for a like period 

II. Principal Investigator: Dr. ~Hlliam N. Eschmeyer, Director of 
Research and Chairman, Department of Ichthyology, California 
Academy of Sciences. 

Collaborators (same institution): 

a. Dr. Welton Lee, Chairman and Curator, Department of Inverte
brate Zoology 

b. Dr. Tomio Iwamoto, Associate Curator, Department of Ichthyology 

c. Dr. Dennis Breedlove, Chairman and Associate Curator, 
Department of Botany 

d. Dr. Sylvia Earle, Curator, Department of Botany (Algae) 

e. Dr. Peter Rodda, Chairman and Curator, Department of Geology 
(including Diatoms and Hollusks) 

Invertebrate Coordinator: Dustin Chivers, Senior Scientific 
Assistant, Department of Invertebrate Zoology 
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IV. BACKGROUND 

The California Academy of Sciences, founded in 1853, is a non-profit 
research and educational natural history museum consisting of scientific 
departments, support departments, an aquarium, planetarium, and display 
halls. The primary purposes of the Academy are to acquire and maintain 
scientific collections of specimens, to carry on research on these 
specimens, to make the collections available to the scientific community, 
and to interpret the natural world through educational activities, 
displays, and publications. 

A primary concern is permanence of the institution rece~v~ng the 
contract. Natural history museums are stable centers for collections 
of scientific spe<;imens, more so ·than most university collections 
which are subject to.changing emphases of biology departments and the 
strengths of individual scientists (note the recent transfer of all of 
the Stanford University natural history collections, the collections of 
Hopkins Marine Station, and the transfer of the University of California 
invertebrate collections to the California Academy of Sciences). The 
Academy has demonstrated long-term support for ita collections. 

All of the Academy departmental research collections are in the 
top 10 in the United States, vTith most in the top 2 to 6 nationally. 
Two departments that \dll receive the bulk of the OCSEAP material are discussed 
briefly below. Besides these, the Academy's Department of Botany, 
which includes the recently transferred Dudley Herbarium from Stanford 
University, would house terrestrial plants and marine algae resulting 
from the project. Included in the Department of Geology is one of the 
\vorld' s finest diatom collections and library, with much Alaskan 
material resulting from the a.ctivities of G Dallas Hanna; should diatom 
collections result from the OCSEAP program they could be processed into 
this collection. The Academy's dry mollusk collection also is part of 
the Department of Geology and, with the recent inclusion of the Stanford 
collection, is one of the world's finest; dry mollusks would be placed 
in this collection ar!.d. those in preserving fluids in the Department of 
Invertebrate Zoology. The Academy 1 s Department of Ornithology and Ham1nalogy 
also would accept specimens from this contract if any should become 
available, and this department is especially strong in 'tvestern North 
American species, including emphasis on marine ~~mmals. 

The latest Annual Report for the Academy is submitted as additional 
information but not included as part of the proposal. 

Department of Ichthyology 

The collection of fishes at the California Academy of Sciences has 
been ranked as the second most important fish specimen resource in the 
United States by the Advisory Committee for the Development of a 
National Plan for Ichthyology (Copeia, 1976, no. 3, pp. 625-642). It 
contains over 1 million specimens, in 175,000 lots, representing about 
14,000 nominal species, and primary and secondary type specimens· representing 
about 3, 000 species. It is \vorld,vide in scope, with especially im;10rtunt 
collections from North America, Japan, Asia, the central and western Pacific 
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and South America. The collection is housed in facilities which were 
expanded in 1967 and 1968 with the assistance of the National Scic~ce 
Foundation. Additional space will be made available in early 1978. 

7 

The collection is widely and intensively used, both nationally and 
internationally by scientists and students. It is of considerable 
historical importance because of its age, the large number of publications 
based on it, the large number of Lype specimens, and its continued use 
by scientists and students. It provides a data base to governmental 
agencies concerned with environmental quality and endangered species, and 
it serves as a principal source of research mate:iials for scientists 
and students. The collection has received considerable financial support 
from the National Science Foundation, for remodeling in 1967, for 
incorporation of the Vanderbilt and Stanford University collections, and 
is currently supported by an NSF curatorial support grant. 

The present staff includes the follm·ling: 

Dr. William N. Eschmeyer, Chainnan and Curator 
Dr. Tomio I1i7amoto, Associate Curator 
Dr. Harren Freihofer, Associate Curator 
Nrs. Lillian J. Dempster, Associate Curator (parttime) 
Hr. \-1. I. Follett, Curator Emeritus 
Ms. Pearl M. Sonoda, Senior Scientific Assistant 
Mr. James Gordon, Curatorial Assistant 
Mr. William C. Ruark, Curatorial Assistant 
Mrs. Betty A. Pmvell, Secretary 

The fish fauna off California is very similar to that off Alaska, 
with the exception of areas \vest of the Aleutians. The Academy holds 
extensive collections from off western U.S. as well as Japanese 
specimens. Specimens from Alaska are not 1vell represented in fish 
collections. The Academy's Alaskan holdings include specimens collected 
by the ALBATROSS 1906 North Pacific Cruise (Japan, Aleutian Islands, and 
Kamchatka), specimens collected from 1949-52 by a number of Stanford 
scientists and students working out of Point Barrow, and other smaller 
collections. 

The Department of Ichthyology has had experienc.e processing large 
collections, such as the incorporation of the 40,000-bottle Vanderbilt 
Foundation collection and the 75,000-bottle Stanford collection into 
the departmental collection. It serves as a repository for specimens 
from scientists, and from Federal and State agencies and some private 
ones, such as th~ Department of Fish and Game of California, several 
universities, N~WS Seattle Laboratory rockfish project, ERDA Farallon 
Islands dump site project, and some private consulting firms in the 
Bay. Area. 

Additional information is provided on this department by sub~ission 
of portions of a funded NSF grant entitled, "Support for the care and 
use of the Collection of fishes at the California Academy of Sciences." 
One copy is provided, and it is not considered a formal part of this 
proposal. 
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Department of Invertebrate Zoologx 

The Depa~tment of Invertebrate Zoology has developed into one of 
the major repositories of preserved invertebrates in North America. 
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It has extensive collections from Baja California, Central America, the 
Gala~agos Islands, A+aska, British Columbia, and Southeast Asia. Alasl~an 
holdings of importance include the U.S. fur seal investigations of 
1919-21, the Department of Naval Research Pt. Barrow project in t.he 
1950's, the U.S. Department of Interior Alaska Earthquake Study of 
1965, the G.E. MacGinitie Naval Research project 162-911 that resulted 
in the publication, "Distribution and ecology of the marine invertebrates 
of Pt. Barrow, Alaska' (Smithson. Pub!. vol 128), specimens collected by 
the Stanford University expedition in 1951, and,many collections resulting 
from G. D~ Hanna's work on Alaskan mollusks and his long-standing 
involvement in Alaskan biology. 

This department also has had extensive experience serving as a 
voucher specimen repository for a variety of agencies. Recent additions 
include deposition of specimens by the California Department of Fish 
and Game (Fort Ross to Pt. Lobes, P~int Arena Reactor Site Study), 
Honterey Bay Benthos Study by Hopkins Marine Station, Moss Landing 
Monterey Bay Study for the City of Watsonville, Santa Cruz Intertidal 
Study, Stanford Research Institute collections, EPA Farallon Radioactive 
Dump Site Study, Brown and Caldwell, Inc. Gulf of the Farallons study 
and Five-county Study of Sewage Disposal Sites, U.S. Geological Surv~y of 
South San Francisco Bay, U.S. Bureau of Reclamation Delta-Nendota Canal 
Study, U.S. Army Corp of Engineers Houth of the Columbia River Baseline 
Study, the San Francisco International Airport Outfall Study, etc. 

The Department of Invertebrate-Zoology staff consists of the following: 

'Dr. Welton Lee, Chairman and Curator 
Mr .• Dustin D. Chivers, Senior Scientific Assistant 
·Dalene R. Drake, Curatorial Assistant 

'l'he Department is augmented by 4 Associates, 2 Field Associates, and other 
personnel worklng on specific grants, such as the San Francisco Bay 
Project which w'.a:-s funded by Sea-grant and several private foundatior:.s. This 
project involves the preparation of voucher specimen collections from this 
region, preparation of literature files, and the preparation of identification 
manuals. 

The Department's facilities and collections are growing rapidly~ and 
its collections form one of the largest and best curated invertebrate 
collections in the tvestern United States. Numerous private and governmental 
agencies have recognized it as a desirable archival depository, and they 
have turned over extensive and biologically significant collections and 
associated data bases to the Academy for long term curation. 
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V. OBJECTIVES 

1. Establish and maintain a fully cataloged museum collection 
of biological voucher specimens collected under the auspices 
of the Alaskan OCS Env~ronmental Studies Program. 

2. Specify appropriate collection and p~eservation techniques 
for various r.1arine taxa. 

3. Coordinate the shipment of preserved materials from other 
principal investigators to the archive. 

4. Provide quarterly ADP £ormatted data summaries on the status 
and content of the col~ections. 

VI. GENERAL STRATEGY AND APPROACH 

1. Voucher Policy 

In conjunction with the designated OCS.EAP representatives, 
the voucher policy will be finalized. The draft voucher policy 
is w·ell eone and needs only minor modification in our opinion 
(for example, propylene phenoxetol and propylene glycol are 

·probably not essential for field preservation of n1ost general 
plankton collections). The curators of each pertinent Academy ... 
department will participate in preparing the voucher policy. 

If the voucher specimen labels have not been printed, we 
suggest the addition of 11number of specimens" in the lot. If 
it was thought desirable by the Project Coordinator, we would 
add catalog numbers directly to the voucher specimen labels~ 
in which case provision for this could be made ·on the labels. 

Instructions and tips on packing and shipping specimens to 
the archive will be prepared, along with a listing of any 
additional information desired by the archive from principal 
investigators (such as preserving solution from which specimens 
were removed, how to prepare invoices of specimens if needed, etc.) 

2. Processing of Specimens 

Location of work--In the spring of 1978, a 1152-sq. ft. room 
will be modified for use by the Department of Ichthyology. Funds 
are on hand for this rennovation, which includes construction of 
a workroom w·ith sink and installation of 1727 sq. ft. of metal 
shelving. The Department of Ichthyology will not need most of 
this room for seve'ral years, and it is proposed that this area be 
used for the initial processing of specimens from this project. 

Initial curation of specimens (in project workroom)--
a. Acknowledge receipt of each shipment 
b. Unpack shipment, check against invoice 
c. Transfer to final preserving solution and cont::~iner 

d. Examine quality of identifications and labeli!lg (by appropriate 
Academy curato~. 705 
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e. Catalog specimens in appropriate departmental collection. 
This provides each lot or sample with a unique number. 

f. Enter data in computer (see 4 below). 
g. Place on shelves in systematic order in the project workroom. 

Provide sender of shipment and NOAA coordinator. \vith a printout 
of contents of shipment after processing and cataloging. 

Confirm identifications--Academy scientists and visiting 
scientists will be encouraged to examine the project material in 
their area of specialty to confirm identifications and correct 
identifications, adding an appropriate identification label 
documenting their identification. Note that we have included 
some funding in the proposal for reimbursement of expenses of 
specialists for confirming identifications in their area of 
specialty. We have had these funds available for visitors 
upgrading identifications in the general collections. The 
contribution to any one investigator is small, and some graduate 
students have been paid hourly to spend additional time during 
a visit to upgrade identifications in their area of specialty. 

Subsequent integration with appropriate departmental collection-
It is desirable that during the project, or initial portion of 
the project, that the specimens resulting from this project be 
kept isolated to facilitate their study. At a later date they 
will be transferred to the departmental scientific collections. 
(Proper care of the voucher specimens i.s J.nsured if they are 
in the general collections where, for example, alcohol levels 
are checked routinely or botanical collections are fumigated 
regularly, and the V0'4-cher specimens are available for subsequent· 
study by visiting scientists.) 

It is tentatively proposed to distinctively mark the containers 
resulting from this project. For example, each of the 40,000 
bottles of the Vanderbilt fish collection \vere. marked before 
their incorporation into the Academy fish collection in 1968. Also, 
a note will be placed on the label or in the bottle indicating 
that these voucher specimens may not be loaned. 

3. Personnel Strategy (See Appendix for additional :i.nformation on 
key project personnel) 

The principal investigator has strong interests in the fish 
fauna from the area involved and will, besides supervising the 
project, participate actively in aspects of the project dealing 
with fishes. He will devote 25% of his time to the project. 
(Should this.proposal be funded, he will relinquish the chairmanship 
of the Department of Ichthyology to provide time for the project.) 

The Senior Assistant and Inverteb1·ate Coordinator has had 
extensive experience in identification and curacion of invertebretes, 
especially from the N. Pacific, and he \.,lill supervise the processing 
of invertebrate groups as ,,,ell as ove:rsee purchase of all supplies 
and equipment. 
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Curatorial assistants will be hired as soon as shipments in 
sufficient volume are received. We want to employ two halftime 
assistants, one specializing in fishes and one in invertebrates. 
It is expected that existing Academy curatorial assistants t-lill 
be interested in St-litching to this project, and halftime of their 
current position will be filled·by new personneL 

For certain specialty groups and anticipated low-volume ones, 
such as algae or·terrestrial plants, we propose using appropriate 
Academy techniciens and ·reimbursing their departments for time 
spent on this project through the inclusic)n' of hourly funds in the budget 

3. ADP Strategy 

"Computerizing" large specimen collections is in its infancy, 
and most such attempts have been heavily funded as experimental 
studies. Use of large computers and generalized cumbersome progr&~s 
have not been as satisfactory as the use of mini computers with 
immediate access and with data entry by departmental curatorial 
assistants rather than computer technicians. At the present time 
the Academy's Department of Herpetology has a mini computer that p~rheps 
could be used for the present project with the addition of more 
memory units, but the Academy is currently examining larger mi~i 
computers with remote terminals, and it is anticipated that purchase 
of such equipment will be made in the near future. Should the 
purchase of a central Academy computer system not be accomplished 
in time for the present project, it is proposed that a self-contained 

·mini (such as an HP 1000 or IBH 5110) be leased for this project. 

Formatting will be done. as prescribed i!l the RFP, with the 
Principal Investigator and Dr. Alan Levitori of the Academy's 
Department of Herpetology representing the Academy. 

All project personnel will be trained in data entry. If a 
separate catalog label is prepared it will be done concomitantly with 
data entry. 

The data base probably t-1ill be kept on disks and will be 
converted to tapes for quarterly submission. 

VII. SAHPLING }fETHODS 

Not applicable. 

VIII. ANALYTIC METHODS 

Not applicable. 

IX. ANTICIPATED PROBLEHS 

Despite the well thought out and specified voucher policy 
provided by NOAA to principal investigators involved in activities 
resulting in voucher specimens, we anticipate that a few investi-
gators will not follow this policy and will ship to the archive 
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extraneous materials collected during their study. Working through 
the NOAA Coordinator, .we would want to assist in selecting proper 
voucher specimens in these cases. 

We do net anticipate additional problems unless the amount of 
material to be deposited far exceeds the volume we anticipate at 
this writing. 

X. DELIVERABLE PRODUCTS 

A. Digital Data 

To be worked out with NOAA's Environmental Data Service. 
Digital tc:;pes to be submitted quarterly ;as required. . . . . . 

Parameters 

These will be established with the· NOAA Project Coordinator. 
The format minimally should provide for data retrieval by 
taxon, NODC Code number, catalog number, geographic location, and 
project, but also should provide more detailed. information as 
needed by principal ~nvestigators, such as·lists of vouchers by 
vessel station numbers, etc. 

For each voucher specimen· lot we lvould. enter all the information 
on p. 16 of the RFP, along w{th the number of specimens in the lot, 
the catalog number, and provisions for futtire.''reidentifications. 
We also would add our own interna"! filing code .to assist in. 
subsequent retrieval of voucher specimens ftom the coll~ctions. 
This consists of entry of the department and its fi"ring category 
(family number in fishes, numerical systematic file nu.'Ilber il1 
invertebrates). · · 

List of digital Products 

See attached Data Products Schedule~ 

B. Narrative Reports 

1. Finalized voucher policy, including preserving techniques. 

2. Voucher specimens by project or by each shipment, indicating 
catalog numbers and reidentifications; to be provided to 
Project Coordinator and individual :principal investigators 
so that they ma:Y include archive vounher catalog.numbers in 
their reports and publications. 

3. Other reports as specified in the RFP. 

C. Visual Data 

None seem to be needed. 
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D. Other Non-digital Data 

None requested. 

E. Submission Schedule 

As specified in the P~P. See attached schedule (Appendix). 

XI. INFOfu~TION FROM OTHER INVESTIGATORS 

He anticipate the need to communicate with principal investigators 
shipping voucher specimens to the archive. Some laoels may lack 
sufficient data, ·discrepancies lvill no doubt occur occasionally, 
etc. We would like to correspond directly to clarify these problems 
as they arise. From certain contractors (or from the NOAA Data Base) 
we might desire lists of stations and associated data, especially 
from extensive vessel cruises resulting in numerous voucher specimens, 
so that we may check data on labels, clarify label~ that are not 
completely legible, etc. 

Normally when museums or scientists send specimens they prepare 
a "specimen invoice" and the recipient verifies receipt of the 
specimens. For the present project, perhaps the principal investigator 
sending the voucher specimens to the archive will not need to prepare 
an invoice as long as tha specimens are properly labeled and the 
archive returns a printout of the material received as soon as it is 
processed. 

XII. QUALITY ASSURANCE PLANS 

1. Permanence. As discussed under BAC~GROUND INFOR}~TION, the Academy 
is a stable natural history museum capable of providing long-term 
care to the voucher specimens deposited in the Academy scientific 
specimen collections. 

2. ADP Concmittment. As outlined earlier, computer data management of 
natural history collections is best accomplished on mini computers 
or direct access terminals, with data entry made by depart~ental 
curatorial assistants. We believe the ADP strategy described under 
item VI(3) will insure prompt submission of accurate data tapes 
to the NOAA Data Center. 

3. Scientific Competence. This is assurred by the training and 
~xperience of the organization and its staff, the or-~site 
scientific associates, and the scientific visitors that will 
confirm identifications while utilizing the extensive Academy 
collections for systematic research purposes. 

XIII. SPECIAL SA11PLE AND VOUCHER SPECIHEN ARCHIVAL PLtu~S 

Not applicable. 
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XIV. MANAGEMENT PLAN 

The principal investigator (Eschmeyer) will supervise all aspects of 
the project, including the preparation of reports, and will report 
directly to the NOAA Project Coordinator. He will supervise the 
processing of all fish voucher specireens and conduct all correspondence 
and related items. He will devote at least 25% of his time to the 
project. 

The Senior Assistant and Invertebrate Coordinator (Chivers) will 
supervise the processing of non~fish groups and will be responsible for 
ordering all curatorial supplies and equipment needed for the project. 

Curatorial assistants will be drawn from present Academy staff, with 
replacements for their vacated duties. They will be employed on this 
project as soon as the level of shipments of voucher specimens warrants. 
Provision for hourly workers for specialty groups is made. 

All project personnel will be trained for data entry into the 
computer. 

See also item VI. GENERAL STRATEGY AND APPROACH. 

Y0!. OUTLOOK 

One~ voucher specimens are deposited, \.;re \·7ill retain and curate 
them indefinitely. We anticipate that we would be able to provide at 
little or no cost an updated data base to accommodate reidentifications 
and changing systematic nomenclature that occur long after the project is 
terminated. 

At the termination of the proposed initial 3-year contract, the 
cost of an extension would depend on the amount of voucher material still 
to be deposited by principal investigators. If the vot~cher material 
outstanding is extensive, we anticipate·that the cost of continuation 
would be about $30,000 pe1.· year: until the bulk ·of the 10laterial is 
_deposit~d. We anticipate little or no subsequent e}..-pense, and processing 
of miscellaneous collections could be done at Academy expense, as is done 
with small collections ·from Federal and State agencies and from 
scientists and other contributors of scientific collections. 

vle also would like to offer for consideration that the archival 
center eventually receive for permanent storage certain information 
generated by principal investigators and subcontractors that might not 
be deposided or stored elsewhere, such as original field logs from 
vessel collections. 

XVI. STANDARD STATEt>ffiNTS 

1. Updated Activity/Hilestone/ Data Nanag~F!ent Cha-;:-ts \·lill be sub
mitted quarterly. 
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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 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 beth parties. It is undeystood that costs of 
the travel 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 Hill be submitted within 120 days of the completion of a 
3 month data collection period, unless a written \vaiver has been received 
from the Project Office. 

6. Title for all property purchased Hith OCSEAP funds remains \vith 
the U.S. Govern~ent pending deposition at contract termination. 

7. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific ntaterial developed under OCSEAP. 
funds \·lill be submitted to the appropriate Project Office at least 
sixty (60) days prior to release for information and for forwarding to 
BLH. The release of such material \vithin a period of less tha:o. sixty (60) 
days shall be made only \vith prior \vritten consent of the Project Office. 
News releases will first be cleared Hith the appropriate Project Office. 

8. All publications and present~tions of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The followiitg 
acknowledgment is standard: 

"This study \·las supportetl by the Bureau of Land 1-!a.nagement 
through interagency .:.' -~,ement with the National Oceanic and 
Atmospheric Administ~: .. <_ion, under \vhich 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." 

XVII. OTHER INFOIW.ATION 

The principal investigator, l~illiam N. Eschmeyer, shall actively lead 
and supervise the proposed work, and shall take full responsibility for 
timely completion of all objectives, independent of the percentage of his 
salary requested in the budget. 
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1. BACKGROUND 

The continuing energy crisis, particularly the shortages of oil and 
natural gas, indicate that the petroleum reserves already found and expected 
to be found in the Alaskan offshore region will be developed in a timely 
manner~ This increased petroleum industry activity related to the explor
ation, development, production, and transportation of Alaskan offshore oil 
and gas will increase the potential for accidental spills of oil in the region. 

The Outer Continental Shelf Environmental Assessment Program (OCSEAP) 
is a comprehensive environmental study program associated with the proposed 
development of oil and gas on the outer continental shelf. The program is 
managed by the National Oceanic and Atmospheric Administration (NOAA) for the 
Bureau of Land Management (BLM). The OCSEAP studies are designed t~ provide 
an environmental information base to support management decisions associated· 
with the identification and selection of lease-sale areas. The OCSEAP pro
gram is organized into the topical areas of contaminant baselines, sources, 
hazards, transport, reconnaissance, and effects.· 

The primary objective of the Alaskan OCS Environmental Studies Program 
is to provide the technical information required to support management 
decisions associated with the protection of the OCS marine environment from 
damage due to oil and gas exploration, development, and production activities. 
The program is geared towards the development of providing meaningful data in 
a readily usable form, and in a timely manner so that any required corrective 
action can be taken before serious or irreversible environmental damage can 
·occur. Through this program, NOAA has established itself among the world 
leaders in the area of Arctic oil pollution research and development. The 
other major programs concerned with the effects of oil pollution on the aquatic 
Arctic environment have been conducted by the U.S. Coa~t Guard, En~ironment 
Canada, The Canadian Bureau of Indian and Northern Affairs, the joint Canadian 
government-petroleum industry sponsored Beaufort Sea Project, and programs 
supported by two petroleum industry groups--the Alaska Oil and Gas Association 
(AOGA) concerned with Alaskan petroleum development, and the Arctic Petroleum 
Operators Association (APOA) concerned with Canadian Arctic petroleum develop
ment. 

In general terms, the work completed to date associated with the 
extension of oil spill mitigation techniques to the aquatic Arctic environment 
has i.ndicated that many of the oil spill response techniques and much of the 
hardware which has been developed for use in the warmer climates can be . 
applied with relative ea·se to combating oil spills in the o~en wa~er reg1ons 
of the Arctic. However, modifications must be made in cons1dera~1on of the 
low temperatures, and means must be made available for tr~nspo~t 1 ng, deploy
ing, and operating the equipment and technique~ a~ the sp 1 ~~ s~t~~edA~~~t some 
through the extension of existin~ tec~nology, 1t 1 ~ g~~e~~; 1 {edgon the surface 
oil spill response capability ex1sts_ 1n th~ ca~e 0 i 0 ~

1 of techniques used in 
of solid ice cover through t~e ad?Pt1on an e~ e~!s In the Arctic regions 
combating terrestrial oil sp 1 11~ 1 ~ ~armero~~~~!ration of the following: oil 
however, spill situations must 1nc u e a c 

715 



spilled beneath solid ice cover and on top of solid ice cover, oil sandwiched 
within solid ice, oil intermixed with broken ice pieces in either an uncon
solidated or consolidated form, and oil contained within cracks and leads in 
areas of major ice floes. In Arctic regions, the oil spill response problem 
is further complicated by the presence of snow which may intermix with the 
oil or ultimately completely cover the oil, th~reby eliminating the possi
bility of visual detection. The unique characteristics of the aquatic Arctic 
environment have a major impact on all functions of the.oil spill response 
effort including spill behavior prediction, detection, surveillance, con
tainment, recovery, temporary storage, transfer and logistics. The first of 
these oil spill response function~ that of oil spill behavior prediction, 
stands out as the single most important long-lead time item, since projections 
of oil ~pill behavior are of major importance to the planning function many 
years in advance of the other oil spill response functions. While techniques 
for predicting the behavior of spilled oil find application in guiding an oil 
spill response effort after a spi.ll has occurred, this application is judg~d 
to be secondary in importance to the use of these techniques in long-term 
advance planning of environmental ·protection systems, the evaluation of po
tential environmental impact, and the advanced planning of oil spill response 
efforts. In terms of OCSEAP interest, the concern is indeed the primary 
one of·oil spill transport directed towards determining the ways in which 
contaminant discharges move through the environment, and using projected · 
trajectories o( spilled oil to estimate the ~ltimate environmental impact of 
the spill. A major portion of the Alaska OCS Environmental Studies Program is 
allocated to determining a description and characterization of the fate of oil 
spilled in and under sea ice within the Alaskan OCS lease area. The program 
proposed herein is directed towards the establishment of this capability. 

A great number of rna themati ca 1 mode 1 s have been develOped for -predicting 
the behavior of oil spilled in open water. These models vary greatly in the 
level of sophistication, the accountabil~ty and handling of the ma~i forces 
which act on an oil spill, and in the general approach towards modeling as, 
distinguished between deterministic and stochastic models. In most of the 
open water spill behavior models, the behavior of the oil is generally 
characterized as a combination of spreading and bulk movement. The oil sp~ead
ing mechanism is concerned with the natural ~preading of the oil on a calm sea 
with no contribution due to the action of winds, waves, currents, or other 
external factors. The movement or drift mechanism is concerned with the 
effects of the external factors on the slick motion. Drift modeling has been 
further subdivided into transport and-trajectory models, where a transport 
model is defined as a model concerned with the drift of the oil slick as a 
whole, and a trajectory model is concerned with the drift of a point source 
in the oil slick such as the center of mass. In general terms, transport 
models combined with an oil spreading model are useful in predicting potential 
shoreline impact areas in nearshore and restricted waters. The trajectory 
models are more useful in determining probable impact areas on a monthly or 
seasonal basis and, with a current flow input, can be useful in predicting the 
movement of an actual spill. 
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Because of the great dependence of model results on the adequacy of 
input data in the case of deterministic models, stochastic approaches to oil 
spill behavior models have more recently been developed. In the stochastic 
approach, a large number of solutions are obtained based on random character
istics of winds and currents to form a probabilistic statement of the oil 
spill behavior. The statistical treatment of winds and currents can provide 
for changes in speed, magnitude, and direction at regular time increments 
based upon historical data. The stochastic approach is useful in planning 
activities associated with determining probable impact areas for site
specific and time-specific. spill situations. 

While this substantial effort has been devoted towards the development 
of oil spill behavior models for open water conditions, none of the models 
developed to date have included ice conditions or ice dynamics. The impact 
of the presence of ice cover on oil spill behavior prediction is so predom
inant that relatively few, if any, of the techniques which have been developed 
for open water spill behavior prediction are useful! The reason is simply 
that the major forces of interest in the open water spill behaVior model no 
longer act directly and independently on the oil, rather they act on the oil 
through the ice, or through oil/ice interaction. In the case of oil spilled 
in ice infested waters, the dominant physical phenomenon is the interaction 
of the oil with the ice and the effect on oil movement caused by ice movement, 
which in tur.n is caused by external forces. The problem is particularly 
difficult for locations where there are wide variatio.ns in ice conditions on 
a seasonal basis, extending from open water in the summer, through annual 
ice formation in the nearshore .zone, to involvement with multi-year ice 
farther offshore • 

. Even the preceding brief review of current capabilities in oil spill 
behavior prediction rapidly leads one to the conclusion that the approach to 
be used in developing an oil spill behavior model for use in ice infested 
waters is not to attempt an extension of the methods and techniques which 
have been developed for open water oil spill behavior prediction. Since the 
major physical factors are expected to be the movement of the ice and the 
interaction of the spilled oil with the ice, a more effective approach would 
be to take existing models of ice dynamics which have been developed for the 
Arctic, and to superimpose the relative behavior of the oil to the ice upon 
the ice dynamics model. For example, the model of ice dynamics developed by 
the Arctic Ice Dynamics Joint Experiment (AIDJEX) modeling group, provides 
information on the velocity of the ice field, its deformation, the stress 
transmitted through the ice, and the ice thickness distribution. The AIDJEX 
model has been primarily concerned with the central Beaufort Sea, but it has 
more recently been investigated for applicability to nearshore applications [1]. 
If this ice dynamics model, which presently has a minimum grid size of 10 km, 
could be further refined to a finer grid size, and the relationships describing 
the relative interaction of oil with ice could be superimposed on the model, 
the result would be an oil spill trajectory model for ice infested waters. 
This approach of adapting an existing ice dynamics model to an oil spill 
behavior prediction model for use in ice infested waters appears to be the most 
efficient approach toward meeting the requirements of the NOAA program which 
this proposal addresses. 
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The program outlined in NOAA's Request for Proposal (RFP) consists of 
three specific work tasks. The first program task is directed towards the 
determination of oil/ice interaction through vertical migration, interaction 
with pressure ridges, and horizontal transport. The second task is concerned 
with the development of the numerical model which results in the determination 
of oil spill trajectories based upon ice velocity fields and deformation, and 
oil/ice interaction. The third task is concerned with the application of 
oil spill trajectory models to specific oil spill scenarios. In this proposal, 
ARCTEC, Incorporated is responding solely to the Task 1 effort concerned 
with quantitatively characterizing oil/ice interaction. Since the results of 
this work must input directly into the numerical model, ARCTEC is prepared to 
work closely with the program coordinator and the contractor selected for the 
preparation of the numerical model to ensure that our development of quanti
tative definitions of the physical processes associated with the oil/ice inter
action is completed in a form suitable for incorporation into the numerical oil 
spill trajectory model. ARCTEC personnel have long-standing personal relation
ships with all major investigators in the field of ice dynamics and cold regions 
oil pollution, and can guarantee close cooperation with the selected investi
gator to ensure that the results of ARCTEC's work are fully coordinated with 
program needs and result in a totally integrated work effort. 

The following sections of this proposal outline the objectives of the 
proposed program, the general strategy and approach proposed by ARCTEC to 
meet the program objectives, the management plan proposed to guide the study 
effort, the costs associated with the proposed effort, and the background, 
experience, qualifications, and facilities of ARCTEC, Incorporated associated 
with the proposed effort. Further background discussion related to each of 
the three subtasks comprising Task 1 of the overall program will be found in 
the section describing our proposed approach to that subtask. 
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2. OBJECTIVES 

The general objective of the proposed program is to develop a means 
for projecting the fate of oil spilled in and under sea ice within the 
.Arctic OCS lease area. As identified in the RFP, tne more specific objec
tives to be addressed in this program are: 

1. To study the containment potential and transport of 
oil by ice moving over the continental shelf, and, 

2. To determine the likely long-range trajectories of 
ice and spilled oil contained in the ice. 

The achievement of these objectives requires a program which includes 
laboratory testing, field testing, and mathematical modeling. These studies 
of the transport and behavior of oil spilled in and under sea ice in the 
Arctic will result in the development of a model for projecting the fate and 
final destination points of spilled oil. This model will then be used for 
evaluating the threat posed by spilled oil to marine organisms. 

In order to meet the program goal, the RFP states objectives for each 
of the three major work tasks. The objective of Task 1 is to determine by 
field and laboratory experiments the physical processes by which spilled oil 
gets incorporated in, and transported in and under, sea ice. The objective 
of Task 2 is to determine by numerical modeling the ice velocity field and 
the deformation of sea ice on the continental shelves of both the Beaufort 
and Chukchi Seas, so that oil spill trajectories and percent oil incorporation 
in pressure ridges can be deduced for different ice conditions under mean 
climatological conditions and extreme events including a major sea ice out
break from the Chukchi Sea to the northern Bering Sea. The objective of Task 3 
of the program is to determine, by combining the relevant information, the sequence 
under Tas~s 1 and 2 as well as any other relevant information, the sequence 
of events, likely trajectories, and destination points for oil for selected 

. hypothetical oil srill scenarios. The work proposed herein addresses only 
Task 1 of the overall program, but with the recognition of, and appreciation 
for, the importance of integrating the results of the Task 1 effort into the 
numerical modeling effort of Task 2, and the application of the numerical 
model in Task 3. 

In the RFP, the objective of Task 1 was further defined through the 
establishment of three subtask~, and a statement of objectives for each 
subtask. In brief, Subtask 1.1 is concerned with the vertical migration of 
oil through ice, while Subtask 1.2 is concerned with the interaction of oil 
with pressure ridges, and Subtask 1.3 is concerned with the horizontal trans
port of oil beneath ice cover. The objective for the study of each of these 
physical phenomena was stated in the RFP as follows: 

Subtask 1.1: To determine how and at what rates 
oil moves upward through multi-year 
ice to the surface. 
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Subtask 1.2: To determine how and at what rates 
oil gets incorporated into pressure 
ridges formed from ice of var:ious 
thicknesses. 

Subtask 1.3: To determine how oil of.different 
velocities spreads and is moved by 
ocean currents under sea ice with 
.different underside roughness 
characteristics. 

The program proposed herein addressing Task 1 will result in the 
development of answers to numerous questions associated with oil/ice inter
action including the following: 

1. How does oil move through. first-year and multi-year ice? 
Under what conditions will it reach the surface and 
how long will it take to reach the surface? 

2. How does oil get incorporated into pressure ridges and 
how and when does it get released? 

3. How much oil can be expected to be trapped within 
pressure ridges, in rafted ice, hummocks, leads, and 
surface relief in the bottom ice surface? 

4. · How does oil move horizontally under ice of different 
surface roughnesses through the action of ocean currents? 
How thick are the oil films likely to be under ice cover 
having a range of surface conditions? 

5. What is the bulk transport of spilled oil by sea ice of 
different concentrations? 

6. How does oil of different viscosities respond to these 
various vertical and horizontal dispersion processes? 
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3. GENERAL STRATEGY AND APPROACH 

3.1 Subtask 1.1 -Vertical Miqration 

3.1.1 Technical Discussion 

The behavior of oil spilled beneath solid ice cover has been the sub
ject of a number of field and laboratory studies performed over the past 
seven years. One of the first studies directed towards the investigation of 
the behavior of oil spilled in cold regions was performed by the U.S. Coast 
Guard off the north coast of Alaska in July of 1970. Numerous spills of 
small amounts of oil were made to investigate a number of Qil/ice interactions. 
The investigation o.f the behavior of oil beneath ice resulted in the conclu
sion that the oil pocketed into a single mass which remained stationary in the 
calm water test area. Ice pockets as small as one inch in diameter were 
filled with oil, aDd the investigators were led to speculate that a large 
surface relief in the ice sheet, and the presence of pressure ridges and other 
ice features, would result in the containment of a significantly large volume 
of any oil spilled beneath ice cover. 

Laboratory investigations carried out by Hoult of the Massachusetts 
Institute of Technology [3] resulted in the conclusion that oil entrapped 
beneath a sheet of growing ice would be sandwiched in the ice, forming an 
0il lens. Laboratory experiments conducted by Keevil· and Ramseier [4] with 
oil beneath fresh water ice also resulted in the formation of an oil lens with
; n the growing ice sheet. 

The major field test program concerned with the vertical migration of· 
oil through ice was conducted in the winter of 1974-75 at Balaena Bay, NWT as 
part of the Canadian Beaufort Sea Project. This test of fuel spilled beneath 
first year ice in an area having no significant currents confirmed the for
mation of an oil lens in growing ice in the field. The oil entrapped within 
the oil lens was found to be essentially stable throughout the winter season, 
with the oil penetrating into the ice sheet to a depth of only 5 to 10 em in 
the loose skeletal layer. As the ice sheet warmed in the spring and the brine 
channels enlarged, the oil began to migrate upward through the ice sheet. The 
rate of migration increased with increases in the level of solar radiation and 
the ambient temperature. Upon reaching the surface of the ice, the oil further 
reduced the solar albedo, which further accelerated the melting process. In 
this field test program, it was found that areas of oiled ice deteriorated to 
an ice-free condition from one to three weeks earlier than unoiled ice areas. 

Laboratory experiments conducted by Rosenegger [6] revealed that the 
equilibrium thickness of Swan Hills and Norman Wells crude oil beneath level 
ice cover was 0.80 em and 0.88 em respectively. It was also concluded that 
any dissolved salts in the oil, if any do exist, would not cause the under
ice surface to deteriorate. Rosenegger found that when the oil encountered 
an oversized brine channel of approximately 0.7 mm in radius, limited pene
tration of the oil into the brine channel was likely. Rosenegger concluded 
that as melting proceeds in the spring and the brine drainage channels open, 
a significant amount of oil penetration into the ice sheet should be expected. 
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Much of the more recent major work in this area of study has been per
formed by Dr. Seelye Martin of the University of Washington, who will act as 
a consultant to ARCTEC, Incorporated for the vertical migration portion of the 
program proposed herein. Since 1974, Martin has participated in a number of 
laboratory and field test programs concerned with the vertical migration of 
oil through ice [7]. Martin's investigations included participation in the 
Balaena Bay oil and ice experiments during the 1974-75 ice growth season, 
field experiments of unoiled first-year ice growth during the 1975-76 ice 
growth season, and laboratory studies performed in 1976 on the growth of oiled 
and unoiled sea ice. His investigations included a broad range of ice con
ditions including columnar, frazil, ice grown from sea water mixed with snow, 
and recrystallized snow. Martin concludes that the drainage of surface salt 
in the first-year ice is very important because it results in the generation 
of top-to-bottom brine drainage channels through the entire thickness of the 
ice sheet, it helps form the porous snow-ice at the sea ice surface, and it 
generates void spaces above the freeboard of the sea ice. His observations 
further revealed that as the oil migrates upward in the brine channels, it 
then distributes itself within the brine channel network and throughout the 
porous surface ice. The amount of oil trapped within the ice by this mechanism 
was found to range between 1 and 5% by volume. Martin concluded that the 
entrapment of oil within the porous surface ice and the containment of oil 
within the brine and feeder channels would result in the release of oil spilled 
beneath first-year ice as a slow but continuous process throughout the spring 
and summer melt season. 

NORCOR [8] recently completed a study of the probable behavior and fate 
of a winter oil spill in the Canadian Beaufont Sea by superimposing a postu
lated oil release upon historical records of actual ice conditions. Additional 
information on the experimental results obtained in the Balaena Bay field tests 
is revealed in this report. In particular, the rate of the vertical migration 
of oil through the first-year ice. is defined by three data points. The oil 
which was initially discharged under the first-year ice between October and 
April began to appear on the surface of the ice on 9 May. By 3 June, it was 
estimated that 50% of the oil had migrated through the ice to collect in pools 
on the ice surface. It was then further estimated that nearly 100% of the oil 
reached the ice surface by 20 June. These three data points are plotted in 
Figure 1. To the best of our knowledge, they represent the total of the quan
titative data presently available to the general public on the vertical 
migration of oil spilled beneath first-year sea ice. While this quantitative 
information is more than has previously been available for the treatment of the 
vertical migration of oil through first-year sea ice, and while it is recom
mended by NORCOR as a first gross approximation for general use in first-year 
sea ice, it is extremely limited in that the functional relationship is pre
sented in terms of calendar days rather than governing physical parameters such 
as, for example, depth of the oil lens, oil properties, initial ice salinity, 
initial ice temperature, radiation levels, and thawing degree days. Another 
severe limitation is the fact that the relationship can be used only if the 
first day of oil surfacing is known. A generalized model of vertical oil 
migration in ice should provide for the determination of initial oil surfacing 
as a functional dependency of physical and environmental parameters such as 
those mentioned above. 

722 



IPO 

'10 

" i 80 

{I) 
~71::) 
·i 
~ ~ 
~ 
Q Ji() 

,t 
~ 

-..) ~ -(() 

N 
':i: w 
(l 
~ 

't 

'* 20 

10 

;z + 6 6 /(} 12 H M m ~ ~ M M ~ ~ R H ~ ~ ~ M fl 
[)Qys AFter FirJJf AppeQrc:~rn:• o.F Oil on Ice Sc.u-rac:c. 



All of the research summarized in the preceding paragraphs has been 
devoted entirely to the study of the vertical migration of oil in first-year 
sea ice. These studies of first~year ice have resulted in speculation as to 
the time it would take for oil to migrate upward through multi-year ice, but 
no experimental work has yet been devoted toward the study of vertical oil 
migration in multi-year ice. The speculation asso~iated with vertical oil 
migration in multi-year ice has covered an extremely broad range, from the 
position that all the 6il will surface in multi-year ice as rapidly as it does 
in first-year ice, to the other extreme, where no oil is expected to surface 
in multi-year ice in the first summer, with the time for surfacing equivalent 
to the~ulti-year ice depletion rate which has been identifi~d as from 1 year 
to 11 years, with an average time of 4 years. 

The first serious consideration of the vertical .migration of oil in 
multi-year ice has recently been reported by Milne [9]. Milne investigated 
four multi-year ice floes of opportunity in the vicinity of Resolute Bay, NWT 
for the.i r pe rmeabi 1 i ty with respect to sea water in August and September of 
1976. The tests were conducted during this period because the ice floes were 
expected to be warmest at this time, and therefore most porous to brine drain
age. The primary testing technique consisted of measuring the flow rate of 
water which filled blind holes drilled to various depths in the ice. All the 
holes flooded, but at varying rates depending upon the particular floe examined 
and the depth of the drilled hole. While no oil was used in these tests, 
Milne states that the test results lead him to conclude that most, if not all, 
of the oil which is trapped in and under multi-year ice should surface before 
mid-September if it was spilled under the ice during the previous winter and 
spring. In view of the broad range of speculation associated with prior thoughts 
on the vertical migration of oil through multi-year ice, it is expected that 
Milne's conclusion will be the subject of a great deal of controversy and dis
cussion in the immediate future. However, Milne's work remains as the most 
concentrated effort on the subject to date. 

The state of knowledge regarding the vertical migration of oil through 
first-year and multi-year sea ice can therefore be briefly summarized as 
follows. Investigations conducted in both the Canadian and Alaskan Beaufort 
Sea indicate that the roughness of the under-ice surface can be approximated 
for both first-year ice and multi-year ice by a simple sinusoidal model having 
an irregularity depth approximately equal to 20% of the mean ice thickness. Oil 
released into a water column under such ice cover will rise and gather in pools 
or lenses at the high points of the ice surface. During the ice growth season, 
a new layer of ice will form beneath the oil in a matter of days. This oil 
lens will then be immobilized until brine drainage is increased by the warm
ing of the sea ice from increased air temperatures and short-wave solar 
radiation. As the brine channels reach the oil lens, the brine is replaced by 
the buoyant oil which, being dark in color, enhances the absorption of the 
sun's radiation to accelerate the upward percolation of the oil through the 
ice. Following this migration process, the oil floats on the surface of melt 
pools on ,the ice sheet, is subject to atmospheric weathering, and is accessible 
for cleanup operations. This generalized picture of the vertical migration of 
oil through sea ice applies equally to first-year ice and multi-year ice. 
However, the formation of brine channels and the corresponding rate at which oil 
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can vertically migrate through the ice could be quite different in the case 
of multi-year ice. 

Sea ice is a thermodynamically complex, heterogeneous mixture of pure 
ice crystals in layers of varying crystallography with pockets of entrapped 
salt brine. The entire ice sheet is in a temperature gradient, and the brine 
pockets have an equilibrium ion activity at each temperature so that the 
concentration of the brine pockets varies with the temperature gradient. 
Below the first meter of ice in still water, the varying brine pockets are 
formed from similar initial brine conditions with the result that their size 
and spacing varies inversely as the temperature of the ice. This relationship 
continues to the under-ice surface where the ice is at 0°C, and the large 
volume of low concentration brine forms a skeletal layer of ice. Since the 
pure ice crystal has a structurally preferred growth direction, geometric 
selection arranges the ice within each crystal into platelets with intervening 
brine inclusions. The spacing of these inclusions or brine pockets which join 
in melting to form brine ·channels is a function of the ice· crystallographic 
type, the salinity of the initial sea water, and the rate of growth of the ice. 
As the ice deteriorates through warming, the brine pockets grow to form 
channels. Each of the ions in the brine has its own heat of dilution as it 
forms neutral ligands with the water molecules entering the brine.· 

Another process which should greatly affect oil migration through ice 
cover is the desalination of the upper surface of the ice as the ice sheet 
ages. Four primary mechanisms have been proposed which result in the desalin
ation of the upper surface, including brine pocket migration, brine expulsion, 
gravity drainage, and flushing [10]. In brine pocket migration, the salt 
diffuses from the colder dense end of the ice to the warmer less dense end in 
order to reach an equilibrium state. As a result of this diffusion process, 
the concentration of brine in the lower portion of the ice sheet becomes 
greater. Thus, the brine pocket migrates to the warmer portions of the ice 
sheet which are usually in the direction of the ice-water interface. The 
phenomena of brine expulsion is postulated to result from freezing occurring 
on the interior of the brine cavities such that the brine composition can 
reach a more concentrated value required for phase equilibrium. With this 
phase change, as the volume increases a pressure gadient is produced which 
drives the brine down and ultimately out of the ice. The gravity drainage 
mechanism includes all processes where brine under the influence of gravity 
drains out of the ice sheet into the underlying water. The flushing process 
is actually a form of gravity drainage of brine above sea level, however, 
unlike the gravity drainage mechanism, flushing responds to the hydrostatic 
head which is produced when either· snow or ice melts on the ice surface. 

These desalination processes can result in substantial differences in 
the characteristics of the ice. For example, the salinity of young sea ice 
decreases from roughly 20 ppt immediately aftsr its formation to,5 ppt after 
a period of 2 to 4 weeks. Young sea ice consistently has a high salinity, as 
well as a "C"-shaped salinity profile. As the sea ice grows and the desalin
ation process occurs, the ''C"-shaped profile becomes less pronounced, becoming 
almost flat in the spring. The salinity of multi-year ice is substantially 
different from first-year ice in that it gradually changes from a fraction of 
1 ppt at the top to normal salinities in the lower portion of the ice sheet. 
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It has, therefore, been speculated that in multi-year ice with a brineless 
upper layer, the vertical migration of oil will be severely restricted in 
comparison to first-year ice, due to the relative absence of brine channels 
to facilitate the vertical migration. This line of reasoning results in the 
conclusion that the rate at which oil surfaces from multi-year ice will be 
closely related to the extent of surface melting. The recent work of Milne, 
discussed above, disputes this conclusion. 

3.1.2 Research Plan 

The objective of Subtask 1.1 as stated in the RFP is to determine how 
and at what rates oil moves upward in multi-year ice to the surface. Based 
upon the preceding background discussion, it is apparent that this objective 
must be expanded to include quantitative descriptions of vertical oil migra
tion through both first-year and multi-year ice. More specifically, 
relationships are required to relate the onset of oil migration for both ice 
conditions to ice physical characteristics, oil properties, and environmental 
conditions, and a second relationship is required to relate the rate of 
vertical migration of oil to these same parameters. Since both relationships 
are required for both i.ce conditions, we anticipate the quantification of 
four relationships for the characterization of the vertical migration of oil 
in ice as follows: 

1. Quantitatively relate the onset of vertical oil migration 
in first-year ice to oil properties, ice characteristics, 
and environmental conditions. 

2. Quantitatively relate the onset of vertical oil migration 
in multi-year ice to oil properties, ice characteristics, 
and environmental conditions. 

3. Quantitatively relate the rate of vertical migration of oil 
in first-year ice to oil properties, ice characteristics, 
and environmental conditions. 

4. Quantitatively relate the rate of vertical oil migration 
in multi-year ice to oil properties, ice characteristics, 
and environmental conditions. 

The Canadians have also recognized the current deficiencies in our 
knowledge of the vertical migration of oil through first-year and multi-year 
ice and have recently initiated two programs, one each for studying first
year ice and multi-year ice. As a part of the Canadian Arctic Marine Oil 
Spill Program (AMOP), ARCTEC CANADA, Limited, the affiliate of ARCTEC, 
Incorporated, located in suburban Ottawa, Ontario, is undzr contract for 
laboratory studies concerned with the behavior of oil and gas released 
beneath artificial first-year sea ice under simulated ice formation and ice 
decay conditions. This test program includes the testing of reference cells 
containing uncontaminated and oil contaminated ice which will be used for 
comparison with existing field data. This laboratory test work should be 
underway within the next two months. 
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The second Canadian program, organized under the continuing R&D program 
of the Canadian Environmental Protection Service, is concerned with the exten
sion of the work recently completed by Milne which was summarzed in the 
preceding technical discussion. Since no oil was used in Milne 1 s program, 
and since he concludes that it is likely that most, if not all, of the oil 
trapped within and under multi-year ice will surface before mid-September if 
it was spilled under the ice in the previous winter and spring, it is planned 
to check this preliminary conclusion using discharges of crude oil beneath 
multi-year ice in field tests conducted in the spring of 1978. While the 
results of these two test programs are not likely to provide the amount of 
data required in order to establish the four quantitative relationships 
judged necessary for the complete definition of the vertical migration of 
oil in ice, these programs will certainly increase the level of knowledge 
for both the first-year ice and multi-year ice cases, and will likely result 
in a second level approximation of the vertical migration of oil in first
year ice, and a first level approximation of the vertical migration of oil in 
multi -year ice. 

Recognizing the current state of knowledge and the current research 
activity associated with the vertical migration of oil in both first-year 
and multi-year ice, ARCTEC, Incorporated recommends that the objectives of 
Subtask 1.1 be met through the approach outlined in the task flowchart of 
Figure 2. The initial effort in accomplishing the work of this subtask will 
be directed towards the development of preliminary preferred forms of quan
titative vertical migration models for the onset of migration and the sub
sequent rate of migration for both first-year ice and multi-year ice. These 
preferred formulations will be-approached through a parametric analysis 
whereby the major parameters associated with the oil, the ice, and the 
environmental conditions will be identified, and the parameters judged to be 
most significant to the migration phenomena will be selected for further 
investigation. Since the ultimate application of these vertical migration 
models will be in the numerical model of oil spill trajectories, the preferred 
forms of the vertical migration models will be developed with frequent reviews 
with the program coordinator and the numerical modeling contractor. After 
the preferred forms of the vertical migration models have been developed in 
a preliminary manner, past and current major investigators in this field of 
research will be contacted in an effort to obtain additional data which has 
not been publicly released. Arrangements will also be made to observe and 
participate in the two ongoing Canadian research programs. Dr. Seelye Martin 
of the University of Washington will be a consultant to ARCTEC, Incorporated 
throughout this subtask, working closely with ARCTEC 1 s principal investigators. 
The major organizations to be contacted include the Canadian Environmental 
Protection Service, the Canadian Institute of Ocean Sciences, NORCOR Engineering 
and Research Limited, and ARCTEC CANADA, Limited. The objective will be to 
obtain all available data suitable for consideration in the development of 
preferred forms of vertical migration models. 

Based upon this comprehensive search of existing and newly acquired 
data from other programs, the next work item in the proposed program consists 
of developing the best form of vertical migration models possible based on 
the available data. It is expected that the form of the vertical migration 
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models which can be developed at this ppint will fall substantially short of 
the preferred form, but will provide a significant advancement over present 
capabilities. Since both of the current Canadian programs should result in 
a significant advancement in our state of knowledge of the vertical migration 
of oil in ice, it is proposed that the results of these programs be analyzed 
and evaluated prior to undertaking futher laboratory or field test programs 
under the OCSEAP oil-in-ice program. As a result, the effort devoted to 
studying the vertical migration of oil in ice in the first eighteen months 
of the proposed program, hereinafter referred to as the Phase I effort, does 
not include any field or laboratory tests. After the completion of the 
current Canadian programs, and the development of the preliminary forms of 
the vertical migration models based upon the available data, the proposed 
program then calls for the development of a comprehensive laboratory test 
plan. This work item, along with the preparation of the final report, is 
the final work item proposed related to the study of the vertical migration 
of oil in ice during the first eighteen months of the proposed program. 

The Phase 2 effort associated with the study of the vertical migration 
of oil in ice is proposed to get unden~ay with the performance of full-scale 
laboratory tests in ARCTEC's Ice Model Basin. It is proposed that ARCTEC's 
Ice Model Basin, measuring 100 x 12 x 6 feet in length, width, and depth 
respectively, be partitioned into test cells for the controlled testing of 
the vertical migration of oil in ice for both simulated first-year ice and 
simulated multi-year ice. Ice will be grown in ARCTEC's Ice Model Basin 
using a combination of the mechanical refrigeration system normally used for 
holding the temperature in the model basin during testing, and ARCTEC's 
patented cryogenic freezing system, which is normally used for the freezing 
of model-scale ice sheets for the testing of ships and offshore structures 
in ice infested waters at model scale. The use of ARCTEC's Ice Model Basin 
for full-scale testing of the vertical migration of oil in first-year and multi
year ice will provide a level of parameter control which is impossible to 
achieve in the field. Since the controlling p~rameters can be closely regulated 
and carefully monitored throughout the test program, the data base upon which 
the vertical migration models can be built will be greatly expanded. 

Upon the completion of the full-scale laboratory test program in 
ARCTEC's Ice Model Basin, the vertical migration models would be further 
refined and a test plan directed towards model verification would be developed 
if necessary for field tests. It is then proposed that model verification 
tests be conducted in the field, and the vertical migration oil/ice inter
action relationships be refined to their final form. ARCTEC, Incorporated 
has made arrangements with Crowley Environmental Services of Anchorage, Alaska 
to participate in the Phase II field test programs, if they are required, under 
subcontract. Crowley's experience in field testing, field operations, Arctic 
marine transportation, and Arctic oil spill response will be of great value 
in the conduct of the proposed field tests. 
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3. 1.3 Level of Technical Effort 

Name 

L. Schultz 
P. Deslauriers 
S. Martin 

Title 

Program Manager 
Environmental Engineer 
Consultant 

3.2 Subtask 1.2- Interaction with Pressure Ridges 

3.2.1 Technical Discussion 

Hours 

64 
160 

40 

~Jith the exception of a very narrow belt of shorefast ice near the 
coast, the ice cover of the Arctic Ocean is in continual motion with mean 
annual drift rates varying from 0.2 to 2.6 nm/day [11]. The deformation 
of the ice sheet that accompanies this ice drift results in the .formation of 
hummocks and pressure ridges which have long been recognized as the principal 
impediment to the movement of both surface and subsurface shipping in the 
Arctic. Using the nomenclature recommended by the World Meteorological 
Organization [12], a typical ice deformation process can be described as 
follows. As pressure in the ice sheet increases, a point is reached at which 
permanent deformation occurs, and the ice is said to fracture. The process 
by which the fractured sea ice is forced into ridges is called ridging. The 
specific type of ridging which occurs varies with the relative thickness of 
the interacting ice sheets and the nature of the local motion, which can 
either be in compression or shear. After fracturing has occurred, and if the. 
local motion is primarily compressive, thinner ice sheets usually inter
finger, forming rafted ice sheets where each floe thrusts fingers alternately 
over and under the other. As the deformation process continues, sea ice piles 
haphazardly, one piece over the other, to form an uneven surface which is 
termed a hummock. A hummock is defined as a hillock of broken ice which has 
been forced upwards and downwards by pressure. Hummocks are relatively 
discrete regions of ice deformation. In contrast, a pressure ridge is a line 
or wall of broken ice forced upward and downward by pressure in the ice sheet. 
The submerged volume of broken ice beneath the ridge forced downwards by 
pressure is termed an ice keel while the portion forced upward above the 
surrounding ice surface is termed the ice sail. Most ridges develop as a 
result of the deformation of the thinner ice that forms in lead systems 
between older, thicker ice floes. With primarily compressive relative ice 
motion, the thinner ice sheet will repeatedly fail in bending, causing a pile 
of ice blocks of the thinner ice to accumulate next to the edge of the thicker 
sheet. As continued failure of the thinner sheet causes the ridge to develop, 
the general compressive motion will push a portion of the growing ridge up 
onto the upper edge of the thicker ice sheet. Eventually the edge loading 
of the thicker ice sheet will cause a segment of it to fail. This segment 
is then gradually rotated and incorporated into the growing ridge. This 
process is repeated a number of times as the ridge grows. Only after the 
more readily deformed new ice has been pressured into ridges does ridging 
involve the thicker multi-year ice. It has been speculated that isolated 
hummocks ar~ produced by the crushing of localized pressure points along the 
irregular initial region of interaction between two floes, while ridges are 
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produced by more extensive inter-floe contact. Pressure ridges and hummocks 
may be unconsolidated or consolidated, in which case the base of the ridge or 
hummock has refrozen together. 

In addition to these ice features of rafted ice, hummocks and ridges, 
fields of broken ice ai'e also of importance in determining the trajectory of 
oil spilled in ice infested waters. For the purposes of this discussion, 
the most important characteristic of broken ice fields are the thickness of 
the ice pieces comprising the broken ice field, the areal coverage, and the 
concentration of the ice. The concentration is typically defined as the 
ratio of the sea surface actually covered by ice to the total area of sea 
surface, both ice cover·ed and ice free, at a specific location or over a 
defined area. 

The work of Subtask 1.2 must, therefore, include not only the determin
ation of how and at what rates oil gets incorporated into pressure ridges 
formed from ice of various thicknesses, but also how and at what rates oil 
gets incorporated into rafted ice, hummocks, and broken ice fields. The 
research program designed to meet the program objectives must be concerned 
both with the containment and transport characteristics of these ice features. 

In 1975, full size tests of oil spill recovery devices in ice infested 
waters were conducted for the U.S. Coast Guard at ARCTEC's Ice Model Basin [13]. 
As part of the preliminary work associated with this program, ARCTEC inves
tigated the spreading characteristics of a crude oil selected to simulate 
Prudhoe Bay crude and No. 2 fuel oil in both open water at low temperatures 
and in broken ice fields. These spreading tests indicated that thin oils will 
quickly spread to a very thin layer whether in open water or in broken ice 
cover of very high concentration. In contrast, heavy oils spilled in broken 
ice cover will achieve a natural equilibrium thickness many times greater 
than the open water equilibrium thickness due to the partial containment of 
the oil by broken ice pieces. The natural slick thickness obtained for the 
crude oil used in this test program in cold open water was 0.73 em. For the 
release of the same crude oil in broken ice cover of high concentration, the 
tests indicated that the equilibrium thickness was a function of the concen
tration of the broken ice field and the size distribution of the ice pieces 
comprising the broken ice field. 

The most extensively studied oil spill incident in ice infested waters 
to date was the grounding of the barge Bouchard #65 on 28 January 1970 in the 
waters of Buzzards Bay, Massachusetts. This release of over 81,000 gallons 
of No. 2 home heating oil occurred when the waters of Buzzards Bay were ice 
covered to a concentration of 90%. In its report [14] on the physical 
behavior of the Bouchard #65 oil spill in ice infested waters prepared for 
NOAA, ARCTEC, Incorporated identified a number of oil behavior mechanisms. 
The presence of broken ice fields resulted in an initial degree of containment 
of the spilled oil, and, after ice breakup, resulted in the distribution of the 
oil as the ice floes were transported by winds and currents and gradually 
deteriorated. This transport of spilled oil contained in broken ice fields 
was identified as a possible mechanism for the long-range transport of oil 
which could be very important in Arctic oil spills. Therefore, while the 
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general containment potential of broken ice fields has been identified, and 
the potential for the greater transport of spilled oil contained in broken 
ice fields has. been recognized, neither the containment nor the transport 
mechanisms have been quantitatively defined. 

The major role played by rafted ice in determining the behavior of oil 
spilled in ice infested waters was first observed and reported by Deslauriers 
[14] in connection with the studies of the 1977 Buzzards Bay oil spill. The 
ice in Buzzards Bay at the time of the spill was heavily rafted due to pressure 
in the ice sheet generated by winds, currents, and ship traffic. Approxi
mately 30% of the spilled oil was found to be contained in deep pools formed 
by the rafted ice. The sequence of sketches shown in Figure 3 identifies a 
possible oil capture scenario .. As the current carried the oil under the ice, 
the oil encountered the bottom of the rafted formations and would collect 
and be sheltered from the currents in the lee of the submerged part of the 
rafted ice. The b'uoyant all would then .rise through the opening between the 
two ice sheets to .replace the heavier sea wate_r i.n the. pond •. Once on the 
surface, the oil was then protected from the ·currents. As the tidal current 
oscillated back and forth, the oil whi~h was not protected from the currents 
would then be swept away. Since this oil containment mechani:sm has just 
recently been discovered through field observation of an actual spill, no 
quantitative information regarding the containment capability of rafted ice 
is available. 

Figure.4 is. a.n idealiz~d.sketch of a cro.ss:-sectionof·a pressure ridge 
using the approach' of Weeks and KOViiCS [15]. · Weeks [16] states that the ratio 
of sail height to keel dept.h is typically 1 to 5, and the mass· of the ice 
above and below the waterline is in approximate hydrostatic equilibrium. When 
ridges first form, the ice blocks making up the ridge are separated from one 
another by air spaces and water spaces called voids. From field observations, 
Weeks determined that approxima.tely 30% of a young pressure ridge is void 
space, making the ridge highly-- permeable to oil. · · · · 

Hummocks···are generally similar to ridges b~t lack the more clearly de
fined form, consisting of a haphazard pile of ice pieces which results in an 
uneven surface. Parmerter and Coon [17] have shown that hummocks also have a 
sail height to keel depth ratio of 1:5. Young hummocks presumably will also 
have a high void content similar to that defined for ridges, thereby making 
them similarly permeable to oil. 

Based upon observations made at the 1977 Buzzards Bay oil spill in 
ice infested waters, ARCTEC investigators have deve 1 oped two scenarios for 
the interaction of spilled oil with pressure ridges and hummocks. Oil can 
become incorporated in hummocks and ridges when the oi 1 is present during the 
formation process itself. This would' happen when contaminated ice pieces are 
compressed together into a ridge or hummock, or when oil in a lead along an 
ice edge is caught up in the hummock or ridge formation process. Alterna
tively, oil can flow. into previously formed hummocks and ridges as shown 
schematically in Figure 5. The porous ridges and hummocks present numerous 
small crack systems for the oil to fill in through hydrostatic forces,with the 
oil remaining relatively stable within the void spaces once it gets there. 
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Figure 3. 
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Flow of Oil in Rafted Ice a) Oil Flowing Underneath 
The Ice Comes in Contact with Rafted Ice, b) Current 
Reversal Encourages Oil Filling Into Rafted Ice Pocket, 
c) Reversa 1 of Current Sweeps Unsheltered Oil Away [14]. 
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Figure 4. 

-sail 

--~ ... , 

Idealized Sketch of the Cross Section 
of a Pressure Ridge (after [15]). 

Figure 5. Oil Flowing Into an Idealized Cross 
Section of a Hummock. 
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The degree of retention, or containment, of the oil within the void spaces 
of a hummock or ridge has been the subject of considerable controversy and, 
in a 11 probability, depends upon oi 1 properties, ice properties and 
characteristics, ridge or hummock porosity, and the prevailing currents. 
No quantitative investigation of this phenomena has yet been made. 

In additibn to the containment Offered by the incorporation of oil 
within the void spaces of a pressure ridge, the keel penetration of the 
ridge itself presents the possibility of additional containment on the up
stream side in a manner.similar to conventional oil containment booms. 
This containment mechan1sm applies to both unconsolidated and.consolidated 
pressure ridges. While the possibility for the containment of spilled oil 
by pressure ridge keels has long been recognized, no investigations have 
been conducted to date to quantify the containment capabilities of ridge 
keels. The problem of oil retention by barriers in open water conditions 
has, however, been the subject of an extensive amount of work. This work 
serves as a valuable introduction to the problem of oil spill containment 
beneath ice cover by pressure ridge keels or by artificial barriers. 

A typical oil retention barrier is shown in Figure 6 along with 
common terminology. There is an interface between the oil and the water, and 
the oil-water system has a free surface. The oil slick itself is divided 
into a head wave region, a mid-slick region and a barrier region. The thick
ness of the oil slick is some function t (x), and the oil retention barrier 
draft is denoted by d. Foremost among the barrier stability studies are the 
work of Wilkinson [18, 19], Wicks [20] and Hale et al. [21]. Two regions are 
considered in Wilkinson's work, the head wave and the mid-slick region. 
Wilkinson developed expressions for the profiles of these two regions and 
sh·owed that the mid-slick profile is a function of stresses being applied 
to the main stream by other boundaries. Wilkinson considered two different 
types of barrier failure mechanisms. The simplest type, called drainage 
failure, refers to the case where the slick thickness exceeds the barrier 
draft. The second type of failure, called entrainment failure, refers to 
the growth and breaking of interfacial gravity waves at the mid-slick region 
interface. When the waves break, the oil is injected into the ambient free 
stream and then swept under the barrier. The interfacial waves arise through 
an instability mechanism of the Kelvin-Helmholtz type which is governed by a 
densimetrit Froude number: Wilkinson derived a critical Froude number based 
on ambient free stream conditions for the entrainment failure of the barrier. 
He also predicts the critical volume of oil for given free stream conditions 
that a barrier can retain before drainage failure occurs. In deriving these 
critical conditions it is implicit in Wilkinson's work that the oil slick 
cannot dissipate or dampen a significant amount of the water's energy, i.e., 
the Reynolds number of the oil motion is high enough so that there is no 
appreciable amount of viscous damping. 

Wicks considered the slick to be composed of three parts, a head 
wave, a mid-slick region and a near boom region. Wicks developed profiles 
for each region as a function of Froude number based on ambient stream 
conditions and the interfacial stress applied to the mid-slick region of the 
oil, and allows for two types of barrier failure, drainage failure and 
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entrainment failure, with an allowance for entrainment both at the mid-slick 
region interface and at the rear of the head wave. The first type of en
trainment results from an instability governed by Froude number, whereas the 
second type of entrainment is determined by a critical Weber number. In the 
latter type of entrainment, the water suffers a significant acceleration in 
going "around" the .head wave. This causes a vertical acceleration, and the 
water literally rip~ drops of oil off of the head wave. The drops are then 
swept downstream and under the barrier by the ambient current. For the mid
slick regi~n. Wicks developed a profile for the oil slick based on a force 
balance between viscous effects, hydrostatic pressure gradient, and turbulent 
drag by the free stream. For this region, Wicks found the cri tical Froude 
number for the onset of the instabilities at the oil-water interface that 
lead to entrainment failure. For the mid-slick region, Wicks predicted the 
velocity profile in the oil by assuming a plane Couette flow with continuity 
of stress at the interface and zero net mean flow through the: vertical cross 
section of the slick. According to Wicks, the near boom region extends five 
barrier drafts upstream of the barrier. · · · 

Hale et al. present a comprehensive review of existing work on the 
problem of oil retention by a barrier. In their study, the slick is divided 
into three regions and the effects of two types of forces on the oil slick 
being retained by a barrier are considered. These two forces are those due 
to waves and those due to currents, acting either alone or in combination. 
The same .two types of failure mechanism are considered in their study, 
entrainment and drainage. Entrainment at the head, wave and entrainment at 
the interface are both considered, and for each type of entrainment several 
drop types are investigated. The entrainment failure at the head wave was. 
shown to be governed solely by a critical Weber number (as in Wicks). The 
thickness of the head wave was shown to be a strong function of Froude number 
and a weak function of Reynolds number. For the mid-slick regia~ it was 
concluded (similar to Wilkinson and Wicks) that the thickness of the mid
slick region (t[x]) ·grew as the square root of the distance along the slick. 
The viscous dependence of entrainment at the interface could not be so 
quantitatively described. 

All of the previously described work was done at normal room temper
atures with the water having a free surface. It remains to investigate 
variations in the two failure mechanisms that are related to cold ambient 
temperatures and the presence of ice cover. Wilkinson indicates that vis
cosity influences the failure mechanisms when he stated that the onset of 
interfacial turbulence was indicated by wave breaking and this was inhibited 
if the viscosity of the oil was high. For some oils, like crude oil and 
residual· fuels, viscosity is a strong function of temperature, and it is 
possible to see changes in viscosity of three orders of magnitude for a 
temperature change on the order of 25°C (i.e., freezing to room temperature). 
An oil like No. 2 fuel oil exhibits a factor of 1.5 change in viscosity over 
a similar temperature span. Hale infered that viscosity could have a large 
influence on interfacial stability since higher viscosity fluids tend to 
develop waves of large wave length having less of a breaking tendency, and 
more of a tendency to damp out short wave motions. Both of these effects 
would imply a smoother interface; which in turn implies a reduced friction 
factor and interfacial stress coefficient. It is noted that all investigators 
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have found that in the mid-slick region the slick thickness growth (t[x]) is 
proportional to the friction factor since the force balance in this region 
is between the turbulent drag on the oil and the viscous drag at the oil
water interface. It is concluded that the effect of changes in viscosity are 
directly visible by reducing interface motions, and indirectly visible since 
the smoother interface reduces the effective fr1ction factor. In addition 
to the above, the presence of the ice sheet is important because the oil-ice 
interfacial spreading coefficient is negative. Surface tension effects are 
also important for the entrainment failure at the head wave via the Weber 
number. 

The effect of the ice sheet can be identified as an additional drag 
on the oil slick. Wicks predicted a velocity profile for the recirculating 
oil slick in the presence of a free surface. Hale, based on continuity of 
stress at the oil-water interface and empirical values of the recirculation 
oil velocity at the air-oil interface, predicted velocity profiles through 
a vertical cross section of the oil slick. Typical values of the air-oil 
interface velocity were approximately 0.1 to 0.25 times the oil-water inter
face velocity, which in turn scaled with the free stream velocity times the 
ratio of the viscosity of water to the oil viscosity. Based on these 
estimates, a qualitative estimate of the velocity profile of the oil with a 
smooth ice sheet as one boundary is shown in Figure 7. An order of magnitude 
estimate of the wa 11 stress ( Tw) can be made using stress conti.nuity across 
the oil and water as follows: 

Therefore: 

T • h 
:-1. 

11 2 

or the wall drag, Tw is of the same order of magnitude as the interface drag, 
Ti· The effect of a rough ice sheet on these estimates is to increase the 
wall stress, Tw· Uzuner [22] gives formulas for calculating Manning coeffi
cients which in turn can be expressed as roughness heights. Manning coeffi
cients of the order of 0.050 have been found for some rivers, indicating 
roughness heights several feet for deep rivers. Ice sheet roughness effects 
on oil transport will be discussed in greater detail in following sections of 
this prop~sa1. 

Assuming that 'w = ST· and that S-0(1) we can derive the effect of Tw 
on the mid-slick region thic~ness using Wilkinson's force balance where 'b 
is replaced by Tb-'w and Ti is replaced by 'i + 'w: 

Clo 
t.; pg- = ax 
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Figure 7. Qualitative estimate of the velocity profile in a barrier-retained oil slick 
under a uniform ice cover. 
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where: 
o =oil slick thickenss in the mid-slick region 

= 1-s, where s = specific gravity of oil 
= o/D, where D : depth of water upstream of slick. 

Considering the deep water case where cp is small' the rate of growth of 
the mid-slick region thickness ao is increased by a factor of (l+S)~ since· 
. ax 
tw=S'i· If S-0 (1)., one can expect the mid-region slick thickness to increase 
proportionately faster, indicating a corresponding decrease in critical 
volume for the slick. 

A similar conclusion is reached if one uses the "deep water results" 
of Hale: 

pg n o ~~ ::.. 'i + 'w = ( 1 + S) 'i. 

As mentioned previously, Swill be a function of the relative roughness of 
the oil-water interface, the roughness of the ice sheet, and the velocity 
profile of the·oil~ While additional an~lysi~ of oil spill containment 
beneath uniform ice cover by ridge keels or artificial surfaces is required, 
the preceding·discussion serves to set a promising di'rection for further work. 

Moir and Lau [23] performed brief exploratory studies of the behavior 
of an oil slick retained by an ice ridge at the Canada Centre for Inland 
Waters in early 1975. Their efforts were directed towards determining if 
there was very much· difference between the capability of an ice ridge for 
retaining oil and that of a containment boom in open water flow conditions. 
The investigators concluded that ice ridge keels will indeed retain oil, and 
that the conditions for containment are generally similar to those related to 
oil slick retention by containment booms in open water. They also determined, 
however, that slicks contained behind sloping surfaces are prone to long term 
leakage. Based on the performance of some tests with a simulated upstream ice 
cover, Moir and Lau concluded that the presence of the ice sheet. upstream of a 
barrier does not significantly alter the oil slick profile or the maximum volume 
of oil contained in comparison to the open water case. While these test results 
are informative, they are not judged to be conclusive, or quantitatively 
valuable, since the model pressure ridges were constructed from plexiglass and 
the simulated upstream ice cover was constructed from sheets of expanded foam 
wrapped in a vinyl covering. In tests conducted· in ARCTEC's Ice Flume, it 
was determined that the behavior of an oil slick beneath real ice cover differed 
substantially from the behavior obtained with plexiglass simulating the ice 
cover. These tests, which will be discussed more completely in the next section 
of this proposal, therefore raise serious questions regarding the validity of 
the tests conducted by Moir and Lau. 

As part of the Beaufort Sea Project, NORCOR [24] conducted qualitative 
tests to determine the interaction of crude oil with a pressure ridge keel in 
the presence of a current. In these tests conducted in the Cape Parry area, 
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the released oil flowed in the direction of the current and towards the 
irregular pressure ridge which had a keel depth of 1 to 2 m. Within several 
meters of the discharge point, the flow became unstable and long figures 
broke from the main body of the oil. A series of troughs were detected run
ning parallel to the pressure ridge having dimensions up to 0.5 deep and 8 m 
wide. As the oil reached these troughs, it flowed parallel 'to the pressure 
ridge and gathered in a pool. There, the oil stabilized and did not appear 
to be affected by the current. As a result, the oil never interacted with the 
pressure ridge itself. The investigators speculated, however, that even in 
the presence of considerable currents, the trough and pressure ridge keel 
combined "would hold back an enonnous volume of oil." The investigators 
also felt that the tests provided an indication of the great importance of 
under-ice surface roughness and under-ice topography on the behavior of oil 
spilled beneath ice. 

While the results of these Canadian laboratory and field test programs 
are qualitatively informative, neither program produced quantitative data 
which would be of value in developing the oil/ice feature relationships re
quired of the proposed program. 

The problem of oil containment and transport beneath smoothly undul
ating and random1y rough .ice is the subject of the following subtask, as 
defined in the RFP. The -remaining ice conditions not- addressed in either 
that subtask or the subtask presently under discussion is the case of oil 
interaction with leads·, cracks, and open water ice edges. The effects of 
leads and open water ice edges located perpendicular to, parallel to, and 
at an angle to the current flow, will play an important part in detennining 
the trajectory of oil spilled in ice infested waters. The problem is 
currently being studied by the Canada Center for Inland Waters (CCIW) under 
the sponsorsl')ip of the Canadian Petroleum Association, the Petroleum Association 
for the Conservation of the Canadian Environment, and the Canadian Environmental 
Protection Service. The model scale laboratory tests are designed to examine 
the effectiveness of slots cut in the ice for containing oil over a range of 
water velocity,water depth, slot width to ice thickness ratio, oi,.type, and 
slot angle. Initial findings indicate that sl~ts with width to i~e thickn~ss 
ratios ranging from 2:1 to 4:1 angled ·at approximately 60° to the current flow 
should provide the optimum recovery configuration. Additional model testing 
is also under way to investigate the possibility of diverting oil 'towards 
collection areas with slots, deflectors, and air bubble barriers oriented at 
small angles to the current flow. The laboratory results are expected to be 
refined with full-scale tests planned for late this winter._ · 

3.2.2 Research Plan 

The approach proposed for meeting the objectives of Subtask 1.2 of 
the RFP is outlined in the flow chart of Figure 8. The first work item 
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consists of the development of preferred formulations of oil incorporation, 
containment, and release for oil spilled in the presence of broken ice fields, 
rafted ice, hummocks, unconsolidated pressure ridges, consolidated pressure 
ridges, leads, and open water ice edges. These preferred formulations will 
be based upon discussions with the program manager, program coordinator, and 
the numerical modeling contractor, after the completion of a thorough review 
of the technical literature and discussions with past and current researchers 
in the field. These formulations will then provide the basis for preparing 
more detailed test plans for the laboratory tests comprising the following 
work items. 

The proposed tests of the containment capability of broken ice fields 
will be performed in ARCTEC's Ice Model Brsin. This one week long test 
series,summarized in Table 1, would be directed toward the definition of a 
curve of ice concentration vs. oil viscosity which would distinguish between 
cases where there is containment of the oil by the broken ice field, and 
cases where there is no containment and the oil spreads to its open water 
slick thickness. Tests will be conducted in still open water and in ice 
fields of four concentrations. Three refined oil products will be used in 
order to obtain a controlled range of oil viscosity. The three oils will 
be a No. 4 having a viscosity of 16 cs, a light No. 5 burner fuel having a 
viscosity of 50 cs, and a heavy No. 5 burner fuel having a viscosity of 120 cs. 
Prior tests conducted in ARCTECts Ice Model Basin have shown that No. 2 fuel 
oi1 is not contained by ice fields of 100% concentra.tion. The possible use 
of No. 6 fuel oil is eliminated since it typically has a pour point of 35°F. 
All tests will be conducted with fresh water ice at an ambient temperature 
of 32°F. Measurements will be made of slick areal coverage and thickness. 

Proposed tests directed toward the quantification of oil interacting 
with discontinuous ice conditions are outlined in Table 2. The primary 
questions addressed by these tests are associated with the incorporation and 
containment of oil in the ice features, and the subsequent release of the 
oil. These tests will be conducted in ARCTEC's Ice Flume over a period of 
three weeks. 

Two configurations of rafted ice, distinguished by the depth of the 
overlapping ice sheets, will be studied oriented both upstream and down
stream to the flow for three types of oil and for three current velocities. 
The rafted ice test series will result in the production of 36 data points. 

Two configurations of hummocks and unconsolidated pressure ridges 
will be tested in both an unoiled and oiled condition at three velocities 
for three types of oil. A total of 72 data points will be produced from 
these tests. Tests of consolidated pressure ridges will be conducted for 
two ridge keel angles and three ridge keel depths using three types of oil 
over three water current velocities. These tests will result in the pro
duction of 54 data points. 

Since Canadian laboratory tests concerned with the interaction of 
spilled oil with leads and open water ice edges are currently underway, and 
field tests are planned for the immediate future, it is proposed that the 
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TABLE 1. SUMMARY OF PROPOSED BROKEN ICE FIELD TESTS 

Test Oil Type Ice Concentration, % 

No. 4 0 
2 Light No. 5 0 
3 Heavy No. 5 c 0 
4 No. 4 25 
5 No. 4 50 
6 No. 4 75 
7 No. 4 100 
8 Light No. 5 25 
9 Light No. 5 so 
10 Light No. 5 75 
11 Light No. 5 100 
12 Heavy No. 5 25 
13 Heavy No. 5 50 
14 Heavy No. 5 75 
15 Heavy No. 5 100 
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TABLE 2. SUMMARY OF ICE FLUME TESTS FOR DISCONTINUOUS ICE 
CONDITIONS 

Oil 
Test T,t:Ee Configuration ~ Velocities 

Rafted Ice Two, each upstream:and 3 3 
. downstream 

Unoiled Hummocks Two hummocks and two 3 3 
and Ridges ridges 

Oiled Hummocks .Two hummocks and two 3 J 
and Ridges ridges 

Consolidated Two angles, three depths 3 3 
Ridges each 
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Data 
Points 

36 

36 

36 

54 
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preliminary formulation of these phenomena be based upon a review of the 
Canadian test data and a discuss1on with the principal investigators. In 
addition, arrangements will be made to observe selected future tests. 

The next proposed work item consists of the development of the pre
liminary oil/ice interaction relationships based upon the laboratory test 
results in a form suitable for inclusion in the oil/ice dynamics numerical 
model. Along with the development of the preliminary rela-tionships, in
adequacies will be identified, and plans will be developed for any 
additional laboratory and field testing that may be required. The work 
proposed for Subtask 1.2 during the first eighteen months of the program 
concludes with the preparation of a Phase I report. The Phase II effort 
then continues with the performance of the additional laboratory and field 
tests, and the refinement of the oil/ice feature interaction relationships 
to their final form. The laboratory tests identified for inclusion in 
Phase I of the proposed effort for Sub task l. 2 are intended. to primarily 
address interaction limits and transition points for the various phenomena 
under investigation. Functional relationships will be obtained to the 
greatest extent possible, however, it is anticipated that the final functional 
relationships will be dependent upon additional laboratory and field .testing 
of a more comprehensive nature, which is planned for Phase II of the proposed 
program. 

3.2.3 Level of Technical Effort 

Name 

L. Schultz 
P. Deslauriers 
T. Kao 
R. Shelsby 
H. Huber 
W. Hennessy · 
L. Schnebelen 
S. Wallace 

Title 

Program Manager 
Environmental Engineer 
Consultant 
Senior Technician 
Technician 
Technician 
Technician 
Technician 

3.3 Subtask 1.3- Horizontal Transport Under Ice 

3.3. 1 Technical Discussion 

Hours 

120 
440 

24 
160 
160 
160 
160 
120 

With the preceding treatment of the vertical migration of oil through 
first-year and multi-year ice, and the oil/ice interaction in areas of ice 
discontinuities including broken ice fields, rafted ice,.hummocks, unconsoli
dated pressure ridges, and consolidated pressure ridges, it remains only to 
determine the oil/ice interaction for continuous ice cover including smooth 
ice sheets, smoothly undulating ice sheets, and rough ice sheets, for both 
still water conditions and for regions subject to significant water currents. 

The spreading of an oil slick on calm, warm water has been investigated 
by Fay [25] and Hoult [26]. They concluded that .the spreading of oil in calm 
water undergoes three phases. During the initial phase, gravity forces are 
balanced by the inertial forces. The second phase is the viscous phase where 
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the gravity forces are balanced by viscous forces. The. final phase is a 
surface tension phase, when the oil slick is very thin, and viscous forces 
balance the surface tension forces. The combined spreading laws for the 
case of an oil slick spreading on calm temperate waters are summarized in 
Figure 9. 

The spreading of an oil slick on or under smooth ice cover in still 
waters has been investigated by Glaeser and Vance [27] and McMinn [28] under 
field conditions, and by Chen [29] and Hoult [30] in the laboratory. Glaeser 
and Vance identified two spreading regimes in a gravity-inertia force balance, 
and a gravity-viscous ~orce balance. McMinn concluded that only the gravity
inertia regime would be found under field conditions. Hoult reviewed the 
existing data on oil spreading rates over and under sea ice and concluded 
that there is only one phase in this type of spreading, characterized by a 
balance of gravity-induced spreading forces and a frictional retarding force 
proportional to the area of roughness seen by the leading edge of the spread
ing oil slick. Chen investigated the gravity-viscous spreading phase of 
crude oil on three artificially prepared ice surfaces for five different types 
of crude oil. He found that all of the information could be correlated by 
a single relationship and drew the conclusion that the important parameters 
governing the spreading of oil on ice are the surface roughness of the ice, 
the volume of oil released, and the temperature conditions. The equations 
developed for predicting the oil slick radius for oil spilled on or beneath 
smooth ice cover by these investigators are summarized in Table 3. Variations 
in the form of the relationships are seen to be substantial, and an example 
clearly demonstrates a wide variation in the results predicted by these 
relationships. For example, the input data given in Table 4 results in 
predictions of the oil spill radius of 74 musing McMinn's relationship, 1.3 m 
using Chen's realtionship, and ll musing Hoult's relationship. This variation 
in predicted oil slick radius approaching two orders of magnitude clearly 
demonstrates the need for additional analysis of the problem of oil spill 
behavior beneath uniform ice cover in still waters. 

Having discussed the spreading of an oil slick on calm open water and 
the spreading of an oil s]ick under smooth ice in still waters, we next 
address the problem of predicting oil spill behavior beneath a uniform ice 
cover in the presence of a current. Other than the work currently under way 
related to ice sheet slotting at the Canada Center for Inland Waters discussed 
in the previous section of this proposal, the only data available on the 
behavior of oil spilled beneath uniform ice cover in the presence of a current 
was obtained by ARCTEC, Incorporated in late 1975 under contract to the 
Environmental Protection Agency's Arctic Environmental Research Laboratory [31 ]. 
This introductory program of limited scope included both a theoretical analysis 
and experiments conducted in ARCTEC's Ice Flume (Figure 10). This ice 
flume, the only known completely glass-walled ice flume in existence, has a 
test section measuring 45 x 3 x 2 feet in length, width and depth respectively, 
and incorporates ARCTEC's patented cryogenic freezing process. In the intro
ductory EPA test program, five gallons of oil was injected from a specially 
designed pressurized injection chamber just below the bottom surface of the 
ice sheet through a 2 em diameter hole at a rate of 1.8 gallons per minu~e. 
Two types of oil were used in this test program, a light No. 2 home heat1ng 
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TABLE 3. EQUATIONS FOR OIL SPREADING RATE ON OR BENEATH AN 
ICE. COVER ·· · · ·· · . 

AUTHOR 
' 

EQUATION 
l 

-
1.. 1.. . ' 1.. 

Glaeser and Vance '. 
Q,o (g¥-0) I+ t2 9.; (g¥0 2t2) 7 - 0 -

[27] (gravity-inertia) (gravity-viscous) 

., 

'' l 1.. 
McMinn. Ro = o:.1ss ~gQO)i;'" tl+ 

[28] 'lTflo 2ho = Qot 

" 

: 

'' l l 1 

·.Chen, et al. R = K ( Pog¥o ~) s .(L) 5 + C¥ 3 
llo 0 

[29] ) 

K;; 0.24 

c - 0.30 
., ' 

~~ 

( 

Hoult 1.. 1. 
/::,.gQ 2 6 3 

[30 J R o:~2s ( 0 \ t = ~) 
0 
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McMinn 

TABLE 4. COMPARISON OF PREDICTED OIL SPILL RADIUS FOR 
OIL SPILLED UNDER ICE 

A = 0.127 g/cm 3 

p = 
7iJ 

1 .027 g/cm 3 

Po = 0.90 g/cm 3 

llo = 10 x 1o~t cp 

g = 980 cm/sec 2 

Q = 0 
200 cmVsec 

h I : 
0 1 nm = 0.1 em 

t = 3600 sec (l · hr) 

~ = 0 72 x 101t cm3 

l. ..3.. 
· R

0 
= 0.756 (gQ

0
)1t tit = 74·m 

Chen et al. 

Hoult 
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fuel and a heavy crude oil having properties similar to the properties of 
Prudhoe Bay crude. Thirty-one data points were collected over a water velocity 
range of 0. 1 to 0. 7 knots ( 5 to 36 em/sec). 

Acknowledging some scatter in the test.data and the need for additional 
tests to more completely define the curves shown, the results of ARCTEC's test 
program are summarized in the curves of Figure 11. These curves identify the 
velocity of the oil slick as a function of the water current velocity for No. 2 
home heating fuel and for a crude oil having properties similar to Prudhoe Bay 
crude. The test results indicate that for a given water current velocity, 
the No. 2 fuel will have a higher slick velocity than the more viscous crude 
oil. The threshold velocity for No. 2 fuel oil was determined to be about 3.5 
em/sec, while the threshold velocity for crude oil was determined to be sub
stantially higher at 10 em/sec. While the results of this test program begin 
to fill a vast void in our knowledge of the behavior of oil spilled beneath 
smooth level ice cover, the parametric range studied in this test program 
should be expanded to furt~er define the curves of Figure 11 and the thresh
old velocity as a function'· of oil viscosity, and to identify the entrainment 
velocity at which the turbulence level results in the entrainment of oil·: 
particles from the.slick into the water column as a function of oil viscosity. 

The major conclusions drawn from this introductory series of tests· 
conducted in ARCTEC' s Ice Flume are summarized as follows: 

1. Oil did not adhere to the underside of either fresh water 
ice sheets or s'alt water ice sheets in the presence of a , 
moving current. , -

2. While the plot of oil slick velocity versus water current·. 
velocity shows a generally similar shape for both No. 2 fuel 
oil and the crude oil, differences in the behavior of the 
oi 1 were observed dur:i ng. the tests~ . &he fue 1 oi 1 s 1 i ck has 
a tendency to take a'' 1 ong skinny shape as it moves downstream 
beneath level ice cover, while the crude oiJ slick tends to 
orient itself perpendicular to the floe, becoming short and 
wide. 

3. Observations made during the tests indicated that the fuel oil 
had a tendency to roll along beneath the level ice surface 
while the crude oil had a tendency to move more as a solid. 
These observations in<.fic~te that different physical phenomenon 
are cantrall ing the slick motion for the two. types of oil. 

4. At velocities exceeding about 30 em/sec, the No. 2 fuel oil 
slicks exhibited interfacial waves at the slick/water inter
face which could potentially lead to breakup of the slick 
at even higher water velocities. This could result in the 
emulsification and distribution of oil throughout the water 
column. 
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5. It was observed that it was relatively easy to anchor a crude oil 
slick with a discontinuity in the ice sheet such as a protrusion 
below the ice, or a slot cut in ·the ice. 

6. A single test conducted with a simulated ice sheet fabricated from 
plexiglass revealed that the oil slick adhered to the plexiglass 
as it moved downstream with the result that totally erroneous 
experimental results would be obtained by conducting tests with 
plexiglass simulating the ice sheet. 

While the ARCTEC Ice Flume tests provide a valuable starting point 
for further work associated with the behavior of oil spilled beneath level ice 
cover in the presence of a current, no work has yet been devoted towards 
defining the behavior of o'il slicks spilled beneath rough ice cover and 
smoothly undulating ice cover in the presence of a current. Independent 
field tests conducted in both the Alaskan and Canadian Beaufort Sea have 
revealed a distinct variation in the thickness of first-year sea ice with 
irregularities tending to be sinusoidal and of a depth approximately equal to 
20% of the mean ice thickness. Canadian investigators have further extended .. 
this conclusion to cover both first-year ice and multi-year ice [8]. Con- · 
sequently, the ability to project the trajectory of oil spilled beneath first
year ice and multi-year ice must include the ability to project oil spill 
behavior beneath both level ice cover and irregular ice cover having a 
sinusoidal variation of the bottom surface. Still another concern is the 
effect of under-ice roughness on the oil spill trajectory. Variations in 
bottom surface roughness range from a relatively small scale due to the large 
volume of low concentration brine which forms in the under surface skeletal 
layer of the ice, to relatively large scale variations in regions of very 
dynamic ice conditions where the under-ice surface could be very rough and 
very irregular due to projecting broken ice pieces. 

For ice cover, as for any other surface, a hydrodynami ca 11 y smooth 
surface exists if the average height of the protrusions, k, is within the 
laminar sublayer. This is achieved if: 

where v is the kinematic viscosity and u* is the friction velocity. The 
friction velocity, in turn, is defined as: 

where To is the shear stress at the wall and Pw is the density of the water. 
The shear stress at the wall, in turn, can be expressed in terms of the bulk 
fluid velocity, u, through a friction factor, f, or a drag coeffici~nt as 
in the standard forms of: 
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or 

where the friction factor decreases with the Reynolds Number. The reference 
velocity at the region of the wall is then u* and the reference length scale 
is U/u* . 

.For a hydrodynamically 11 fully rough 11 surface, it is usual to have: 

The friction factor then depends only on the roughness and is independent of 
the Reynolds Number. The reference ~elocity and the reference length in the 
wall region then become u* and k. 

It is important to recognize that: 

'. 

where u' and v' are the turbulent velocity fluctuations, so that if the 
turbulence is totally isotropic, u' is on the same order as v', and u* 
is therefore on the order of the turbulent intensity since: 

(u'Z)l/ 2 = u' 

Furthermore, for the fully rough case, the size of the turbulent eddy at the 
wall is of the· order of k, so that the turbulent Reynolds Number must be greater 
than 100. Recognizing that u* is related to u through the friction factor by: 

for laboratory tests to be "fully rough", the Reynolds Number based on 
the roughness height must be greater than: 

100 ff 
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which, for a friction factor of 0.08, yields: 

rJk > 1000 
v 

For example, applying this test to our experience in the ice infested waters 
of Buzzards Bay, the current speed of approximately 1.0 knot and the typical 
roughness height of 1.5 feet results in Uk/v = 1250, so that in this situation 
the ice surface would be termed "fully rough". The conclusion to be drawn 
from this discussion is, therefore, that for laboratory experiments to achieve 
dynamic similarity, it is only necessary to achieve Uk/v > 1000. 

. When a volume of oil, v, is pres~nt under the ice cover, the problem 
becomes more complicated. Denoting the density of the· oil by Po and its 
kinematic viscosity by v0 , the relevant parameters are then the buoyancy, or 
reduced gravity, g(~P/Pw), where ~P = Pw- Po. the thickness of the oil layer, 
do, and the adhesion coeffjcient, .w (energy per unit area). For ice an<:! 
oil, w can be expressed in terms of the-interfacial surface tension between 
oil and water, awo' ·as follows: 

w = cr {1 + case) wo 

where e is the conta~~ ·angle which serves. as a measure 'of the_ adhes.iveness. 
Based upon the int.ro<:fuctory tests conducted in ARCTEC' s Ice Flume, it 
appears that.a distinction based upon oil vis'cosity will have to be made in 
this case. The tests conducted with smooth ice cover revealed the adhesiveness 
of the crude oil was apparently shear dependent.since the crude oil moved as 
a solid, whilethefue.l.oil was observed to be alwaysw~tting theiceand 
rotating along the under surface of the ice. · · · -

A dimensional analysis then results in the dimensionless terms of: 

k u* 
do 'P* = ~=== 

~ ~g do 

··_ .. . ·[?·. oP
0 w ·= u --*· * .W 

Physically, k/do is the ratio of the roughness height to the oil layer thick
ness, while P* is the number measuring the rat5o. of the shearing force to 
the buoyancy force, and w* is a measure of the ratio of the shearing force 
to the adhesive force· .. When the oil.layer thi~kness becomes smaller than the 
roughness height, then k/do is no longer a relevant parameter, and do should 
be replaced by k in the definitions of P* and w*. 

. . ' 

The critical velocity of the water.current that will result. in the 
scouring- of oi 1 froin an ice pocket of depth k is then given by: 
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u u: = f (F*' W*} 

It is entirely possible that, in many cases, either the buoyancy force or 
the adhesion forces predominate, eliminating the necessity for including 
other forces •. In these cases, we then have either: 

' ' 

or 
u 

· ...£.. = f (W ) 
u * * ' 

These functional relationships can be detenninedthrough laboratory experi
ments, and are ·applicable for the larger scale field situations provided that 
the Reyno 1 ds Number based on roughness height iS· greater than 1000. 

The case of sinusoidal irregularities .in the bottom ice surface requires 
special consideration. In this case, the slope of the irregularities) h/L 
is important, where h is the height of the irregularities and L is the wave 
length of the irr~gul~rities. Depending upon the gentleness of.the slope, 
flow separati'on may'- or may not occur. If no separation occurs, the surface 
behaves in the same.inanner as a smooth surface.· If the irregularities have 
relatively sharp <:;res,'ts, then·separation will generally oc<:;!Jr. Experimental 
measurements conducteo. in 1976 by Ling iilld Rao [32] indicated that for the 
case wheri flow separation does occur, the situation can be regarded as a fully 
rough case with a roughness height·equal to approximately'lO% of a randomly 
rough surface. The case of sinusoidal bottom ice surface irregularities 
then becomes a part of the rough surface case. . ,', . ,. ' . '' 

The foregoing analysis, therefore, presents the approach to be used in 
developing the scaling for a model test program, and applying the results of 
the program to field applications for oil spilled beneath smooth ice cover, 
rough ice cover, and sinusoidally varying ice su.rfaces. 

3.3.2 Research Plan 

The work directed towards meeting the objectives 'of Subtask 1.3 is 
outlined in the flow chart of Figure 1~. The work of this subtask will get 
underway with the develppment of preferred formulations for oil spill trans
port beneath smooth, undulating,· and rough ice surfaces in close. cooperation 
with the program manager, the program coordinator, and the numerical modeling 
contractor. These preferred formulations will be prepared for oi 1 spills 
beneath smooth ice cover. with and without currents present, and the oil spill 
transport beneath undulating ice and rough ice in the presence·of a current. 
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In addition, preferred formulations will also be developed for the case of a 
combined gas and oil release beneath undulating and rough ice surfaces. This 
combined release of gas and oil would be associated with a very realistic 
oil spill scenario consisting of an oil well blowout. The filling of voids 
in the under-ice surface by gas will sign.ificantly effect the behavior and 
transport of the spilled oil. The results of tbe tests currently underway 
at ARCTEC CANADA, Limited for the Canadian Arctic Marine Oil Spill Program, 
while concerned only with the case of combined gas and oil release beneath 
rough ice cover in still water situations, will provide a base of data and 
information for further development. 

Once the preferred formulations have been developed in conjunction 
with all project team members, the next work item consists of adapting the 
existing data to these preferred formulations to the greatest extent possible. 
Concurrently with this work item, laboratory tests for the smooth ice condition 
can be performed in ARCTEC's Ice Flume in order to extend the range of para
meters studied in the introductory test program, and to more fully define 
the transport of oil spilled beneath smooth ice cover as a function of oil 
viscosity and current velocities. A one-week long test program in ARCTEC's 
Ice Flume is planned for the conduct of the smooth ice tests as outlined in 
Table 5. These tests of four oils, the same three as used in the previously 
proposed tests with the addition of No. 2 fuel oil having a viscosity of 3 cs, 
will be conducted at five velocities. Due to the great inconsistency in the 
predictions of still water slick radius for oil spilled under ice based upon 
presently available formulations as previously discussed, a zero velocity 
test will be performed for each oil. Two additional test velocities will be 
the threshold velocity, defined as the water current at which the oil slick 
starts in motion, and the entrainment velocity, at which point the oil slick 
starts to break up and become entrained in the water column. Tests will also 
be conducted at three intermediate velocities, expected to be in the range 
of 10, 20, and 30 em/sec. This new smooth ice oil transport data will provide 
a functional relationship between oil viscosity and threshold velocity, 
entrainment velocity, and the intermediate oil'slick velocity as a function of 
water current velocity. A total of 24 data points will result from this 
test series. Concurrently with the preceding two work items, the development 
of modeling techniques for the undulating and rough ice cases will be completed. 

Upon completion of the smooth ice laboratory tests and the development 
of the modeling procedures, preliminary tests will be conducted in the ice 
flume for the undulating and rough ice cases, and for the case of combined oil 
and gas release. The objective of these preliminary tests will be to confirm 
the modeling procedures, investigate the basic physical phenomena occurring, 
and to identify and define transition points as related to these physical 
phenomena. A two-week long test program in ARCTEC's Ice Flume is proposed 
for the preliminary irregular and rough ice tests as outlined in Table 6, with 
one week each devoted to undulating and rough ice surfaces. The test plan 
outlined in Table 6 will be performed for two types of undulating surfaces 
selected to encompass the range of likely full-scale conditions, and for two 
values of ice roughness similarly selected to span field conditions. The 
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Test 

1 
2 
3 
4 

.5 
6 
7 
8 
9 
10 

. 11 
12 
13 
14 
15 
16 
17. 
18 
19 
20 
21 
22 
23 
24 

TABLE 5. SUMMARY OF PROPOSED SMOOTH I'CE TEST PROGRAM 

Oil Type 

'No. 2 
No. 2 
No. 2 
No. 2 · 
No. 2 
No. 2 
No. 4 
No .• 4 
No. 4 
No. 4 
No. 4 
.No. 4 

· Light No. 5 
Light .No. 5 
Light No. 5 
Light No. 5 
Light No. 5 
Light No. 5 
Heavy No. 5 · 
Heavy No. 5 
Heavy No. 5 
Heavy No. 5 
Heavy No. 5 
Heavy No. 5 
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Current Velocity, em/sec 

0 
Threshold 

10 
20 
30 

Entrainment 
0 

Threshold 
10 
20 
30 

Entrainment 
. 0 

Threshold 
10 
20 
30 

Entrainment 
0 

Threshold 
10 
20 
30 

Entrainment 



Test 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

TABLE 6. SUMMARY OF PROPOSED TEST SERIES FOR BOTH UNDULATING 
ICE TESTS AND ~OUGH ICE TESTS 

Ice Surface Oil T~~e Current Velocity, em/sec 

1 No. 2 0 
1 No. 2 Threshold 
1 No. 2 10 
1 No. 2 20 
1 No. 2 30 
1 No. 2 Entrainment 
1 No. 2 0 
l No. 2 Threshold 
1 No. 2 10 
1 No. 2 20 
1 No. 2 30 
1 No. 2 Entrainment 
2 Heavy No. 5 0 
2 Heavy No. 5 Threshold 
2 Heavy No. 5 10 
2 Heavy No. 5 20 
2_ Heavy No. 5 30 
2 Heavy No. 5 Entrainment 
2 Heavy No. 5 0 
2 Heavy No. 5' Threshold 
2 . ' Heavy No. 5 10 
2 Heavy No. 5 20 
2 Heavy No. 5 30 
2 Heavy No. 5 Entrainment 
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Gas 

No 
No 
No 
No 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

No 
No 
No 
No 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 



tests will be conducted with the two oils representing the extremes of the 
viscosity range under consideration, No. 2 and Heavy No. 5. Tests will be 
conducted for still water conditions, and for five values of water current 
velocity. Half of the.tests will address oil only, while the remaining half 
will include the incorporation of gas released with the oil. Twenty-four 
data points will be obtained for the undulating ice condition, with another 
24 obtained for the rough ice case. 

Upon the completion of this work, preliminary oil/ice interaction 
relationships can be further developed for all of the under-ice oil spill 
transport situations addressed in this subtask in a form suitable for inclusion 
in the oil/ice dynamics numerical model. Upon the completion of these 
relationships, and their review and acceptance by the program manager, the 
program coordinator, and the numerical modeling contractor, work will begin 
on the Phase I report, and plans will be developed for any additional 
laboratory tests that may be requ-ired and for any field confirmation tests 
that may be judged desirable by the program manager and the program coordinator. 

The Phase II portion of the work included in Subtask 1.3 consists of 
the conduct of the additional laborat~ry and field tests, and the refinement 
of the oil/ice interaction relationships to their final form for incorporation 
into the oil/ice dynamics numerical model. 

3.3.3 Level of Technical Effort 

Name 

L. Schultz 
P. Deslauriers 
T. Kao 
R. Shelsby 
H. Huber 
W. Hennessy 
L. Schnebelen 
S. Wallace 

Title 

Program Manager 
Environmental Engineer 
Consultant 
Senior Technician 
Technician 
Technician 
Technician 
Technician 

3.4 Coordination and Integration 

Hours 

112 
400 

56 
120 
120 
120 
120 
120 

While the need for coordination and integration of the work proposed 
herein in response to Task 1 of the RFP has been individually addressed by 
subtask in the previous sections of this proposal, the great importance of 
successfully coordinating and integrating the Task 1 results with the Task 2 
and Task 3 portions of the program requires that this function be emphasized 
in a separate section of this proposal. ARCTEC, Incorporated recognizes that 
the work proposed herein is to some degree subservient to the needs of the 
program coordinator and for this reason the laboratory and field test programs 
proposed herein are outlined in general terms rather than in great detail, 
and are understood to be subject to revision after discussion with the program 
manager and program coordinator. 
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The program outlined in the foregoing sections of this proposal 
addressing each of the three subtasks of Task 1 includes a working session 
between ARCTEC's program manager and the program coordinator early in the 
program for the purpose of ensuring the coordination of ·the Task 1 work within 
the framework of the Task 2 and Task 3 work, and the overall program objectives. 
Close coordination will be maintained throughout the program with the program 
coordinator through frequent informal and formal communications as needs 
dictate. More detailed test plans for all test work associated with the Phase 
I program will be reviewed with the program coordinator prior to the commence
ment of work. As described in the program plan for each subtask, the preliminary 
and final formulations of the oil/ice interaction phenomena will be reviewed 
with the program coordinator, the contractor selected for the numerical modeling 
portion of the program, and the Contracting Officer's Technical Representative 
as the work of each subtask progresses. The Phase I final reports proposed 
herein for each subtask will also be submitted to the program coordinator and 
the Contracting Officer's Technical Representative for review, comment, and 
approval before being issued in final form. 

ARCTEC, Incorporated recognizes the need for providing assistance to 
the program coordinator in carrying out his responsibility for the following 
specific items: 

1. The submission of quarterly, annual, and final reports for all 
components of the project in accordance wi.th project deadlines. 

2. The integration of all component reports into coherent quarterly~ 
annua 1 , and fi na 1 reports for the program. · 

3. The conduct of regular meetings of program investigators to ensure 
the proper exchange of technical information and the smooth 
integration of all program elements directed toward overall 
program objectives. 

4. The response to any OCSEAP management requests on behalf of the 
project, including data management and others. 

ARCTEC is prepared to cooperate closely with the program coordinator in 
meeting all of these contractural responsibilities to OCSEAP management. 
ARCTEC' s program manager is prepared to trave 1 to the OCSEAP project office 
at least twice during the contract year to review project status and progress. 

Working as part of a multi-organizational research team has been quite 
common for ARCTEC, Incorporated since its formation in 1970. ARCTEC, 
Incorporated has participated in these multi-organizational programs both in 
the leadership role, and in subordinate roles. ARCTEC's participation in 
joint study efforts has spanned the entire range of organizational possibilities 
including joint efforts with government research organizations, the academic 
community, and other commercial organizations. ARCTEC, therefore, anticipates 
no difficulty whatsoever in working closely, and in a fully cooperative spirit, 
with the program coordinator and the Contracting Officer's Technical Repre-
sentative throughout all phases of the proposed program. · 
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4. ANTICIPATED PROBLEMS 

The~technical problems associ~ted with the progra~ proposed herein 
have been discussed in detail in each of the subtask work statements. For 
every problem identified, a solution was proposed or a promising approach 
toward solution was proposed. We therefore anticipate no major difficulties 
associated with conducting the work proposed herein, and meeting the 
objectives of the program. 

As discussed in the preceding section, ARCTEC, Incorporated anticipates 
no problems in program management, coordination, and integration. 
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5. DELIVERABLE PRODUCTS 

'If a contract is awarded. to ARCTEC, Incorporated:·tn response to the 
submission of this proposal, ARCTEC is committed to produce a set of data 
products on·oil migration through ite, oil containment within ice, and oil/ 
ice trajectories •. More specifically, ARCTEC, Incorporated will develop, to 
the extent the data allows,quantitative formulations of oil/ice interaction 
as a function of oil properties, water current velocities, and ice conditions· 
and characteristics as follows: 

,· 

1. The vertical migration of oil in first-year ice. 

2: The vertical migration of oil in multi-year ice. 

3. The incorporation, containment, and release of o~l in broken 
ice fields of various ice concentrations. 

4. The incorporation, containment, and release of oil interacting 
with rafted ice. 

5. The incorporation, containment, and release of oil interacting 
with hummocks and unconsolidated pressure ridges of various size. 

6. The containment of oil by consolidated pressure ridges of various 
size. 

7. The interaction of oil with leads and open water ice edges. 

8. The transport and equilibrium thickness of oil spilled in calm 
waters beneath smooth, undulating, and rough ice sheets. 

9. The transport of oil in the presence of a current beneath .smooth, 
undulating, and rough ice sheet~. 

10. The transport and equilibrium thickness of oil spilled in combin
ation with gas in calm waters beneath smooth, undulating, and 
rough ice sheets. 

11. The transport of oil spilled in combination with gas in the 
presence of a current beneath smooth, undulating, .and rough ice 
sheets. 

The quantitative formulations of oil/ice interaction listed above will be 
developed in preliminary form upon the conclusion of.the first eighteen 
months of. the proposed program which comprises Phase I. . Additional 
laboratory and field testing is planned for the follow-on Phase II program 
which will result in the refinement of these preliminary oil/ice ·interaction 
relationships to final form for incorporation into the numerical model of 
oil/ice dynamics and subsequent application to the proposed oil spill scenarios. 
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Any new test data developed during the course of the program and the 
compilation of previously existing data upon which the oil/ice interaction 
formulations are based wil_l be su~initted in a form acceptable to the project. 
coordinator and the program manager in accordance with OCSEAP data format 
requirements. The Phase I reports will include a description of all procedures 
related to instrumentation calibration, data collection, processing,and 
analysis~ In all of its laboratory and field testprograms, ARCTEC, Incor
porated routinely uses instrumentation meeting ASTM specifications, and 
conducts all instrument calibration and data collection in compliance with 
ASTM specifications. 

In accordance with contractural requirements, ARCTEC, Incorporated 
will submit ten copies of quarterly reports to the Project Contract Monitor 
by the last working day -of each quarter. The quarterly report due for 
April will be an annual report summarizing the work performed and the results 
achieved for the previous year. A final report on the Phase I efforts which 
span the first eighteen months of the proposed program will ·be prepared upon 
the completion of the Phase I work. 
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6. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

The proposed program requiresthat substantial infonnation be obtained 
from other investigators who are not associated with the proposed research 
program. Arrangements have been made for visiting other principle investi
gators as described in more detail in the work statement discussions for 
each subtask. This outside information will be gathered from Canadian and 
U.S. investigators concerned with the vertical migration of oil in ice, the 
horizontal transport of oil beneath ice, and under ice morphology. Because 
of ARCTEC'scontinliing informal relationship with all investigators active 
in the field of cold regions oil pollution, no difficulties. are expected in 
efficiently gathering information and data from sources outside of the proposed 
program. 

7. QUALITY ASSURANCE PLANS 

As previously described, all instrumentation used by ARCTEC in its 
field and laboratory test programs meets ASTM specifications, and all 
calibration procedures and data collection procedures used by ARCTEC are 
likewise in accordance with ASTM procedures. Instrumentation which cannot 
be calibrated in-house is routinely sent to approved testing laboratories 
in the greater Washington, D.C. -Baltimore, Maryland area for calibration 
prior to the commencement of major test programs. 

8.. SPECIMEN ARCHIVAL PLANS AND LOGISTIC REQUIREMENTS 

There are no requirements for the storage and archival of special 
samples or spec.imens in connection with either Phase I or Phase II of the 
proposed program. There are no requirements for logistic support associated 
with Phase I of the proposed program, however, logistics will be a major 
requirement for the field test programs proposed in a preliminary manner for 
Phase II of the program. Since these field test program requirements will 
not.be defined until the completion of the Phase I effort, no reasonable. 
estimates of these logistics requirements can be made at the present time. 
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9. MANAGEMENT PLAN 

9.1 Organization and Personnel 

Lawrence A.· Schultz, Vice Pr~sident of ARCTEC, Incorpor~ted will be 
assigned as project manager for the proposed program reporting to the 
Contracting Officer on co~tractur~l matters, the Contracting Officer's 
Technical Representative on technical matters, and ttie program coordinator· . 
on matters ofprogram integration. Mr. Schultzhas served as projeCt manager __ 
for several major Arctic oil pollution projects including field programs, · 
laboratory studies, and planning programs. Mr. Schurtz will be assisted · 
throughout the program by Paul C. Des·lauriers in the·r.ole of Project 
Engineer. Mr. Deslauriers has been involved in most of ARCTEC's Arctic . 
pollution programs including the 1975 Ice Flume tests·conducted_at ARCTEC, 
Incorporated· related to the tr~nsport of oil beneath smooth level ice cover. 
Mr. Deslauriers also served a~ Project Manager for a survey study of oil . · · . , 
spill equipment and oil behavior in cold regions ~onducted for the U.S. 
Environmenta 1 Protection· Agency through th_e University Of Alaska, -q.nd for 
ARCTEC's on-site support services to NOAA in the 1977 Buzzards Bayspill 
and lower Hudson River spill in ice infested waters. Technicians supporting 
the laboratory testing·portion of the proposed program will be working· under 
the direction of Mr. D~sl~uri~rs.- All consult~nti and subcoritract6r~ · ·. .· 
contributing to the pr6gr?tm~ including Dr. Seelye Ma·rtiri of the University 
of Washington, Dr: Timothy W. Kao of the· Catholic University of America~ 
and Allen A. Allen of Crowley Environmental Services _Corporation-Ala$ka:,· 
will report direCtly to M_r. Schult~ ·as pro~ect manager. 

Due to the· great amount of interaction required between ARCTEC's 
program manager and·the other-individuals associated with the program · 
including the Contractihg"Officer's Technical Representative, the program 
coordinator, the numerical modeling contractor, the consultants and ·sub
contractors identified in the proposed program, and the outside investigators 
from whom data and information will be obtained for inclus.ion in the proposed 
program, ARCTEC 's program ·manager must be skilled in interpersonal and 
interorganizational relationships in ·6rder· to maintain a pO'sitive team 
effort throughout the proposed pro.gram. The selection of Mr. Schultz as 
project manager recognizes this need. Mr. Schultz has demonstrated.his 
ability to manage complex situations· under adverse conditions on numerous 
occasions. · · · 

Over the past three years, the ·project management and control pro~ 
cedures in· effect. at ARCTEC, Incorpo~ated· nave been refined to a high 
degree of dependability. All project managers as a matter of routine are 
required to prepare detailed manpower and cost projections upon initiation 
of a contract covering the entire ter·m of the contract. Based upon this 
plan, manpower and cost projections are used as input into the contract 
control function, and set:"ve as the basis of comparison with. actual ·perfor
mance throughout the cours.e of the project. The project performance is 
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reviewed on a weekly basis, with project labor and cost summaries prepared 
by the project accountant no later than Wednesday-for the preceding week. 
Each- project manager is supplied with a computerized weekly statement of the 
status of his projects. In addition, a project cost summary is posted 
in the. firm's Management Information Center for the information of the 
entire staff, and the weekly project cost summiries are reviewed to ensure 
that all projects are maintained on schedule and within budget by the firm's 
Financial Director. As soon as there is any indication of deviation between 
the project_performance and project plan, meetings are held between the 
Prod~~tion Director, Financial Director, and the project manager for that 
particular project to identi:fy any problems that may have arisen in the 
course of the project and to _outline alternative so-lutions and take i!TUilediate · 
remedial action; ARCTEC, Incorporated has, since its establishment in 1970, 
prided itself on its ability to complete programs .on schedule and within 
budget. These 'relatively recently refined cost and schedule review procedures 
for each .project have further contributed to the_ fi.rm's having an exceptionally 
favorable record on completing work on schedule and within budget. Con.
sultants and subcontractors will be required to supply ARCTEC with monthly 
invoices 'deta.il ing all labor and expense costs associated with their con-
tribution to the project. . · 

' • i ~ ,' • • 

While quart~rly progress reports will be submftted to the Contracting. 
Officer as requir~d by the terms of the contract., from, the preceding description 
it is clear 'tha't the project progress and costs will actually be reviewed by · · 
ARCTEC on a weekly basis. ·while the quarterly progress report will serve as the 
official review and ·reporting method throughout the course of the program,. 
the expected close working relationship between the ContraCting Officer's 
Technical Representative, the program coordinator, and ARCTEC's project. 
manager will all ow for a much closer review and contra 1 of .program progress 

. and cost. · · 

9.2 Work Plan and Schedule 

The work plan and schedule for the proposed program is summariz~d 
in chart form in Figure-13. Jhe proposed research plan has been arranged 

_·so as to provide the most ef{icient program for completing the Phase I work 
>effort within the specified 18-month period. The portions of the program 
associated with the observation of tests conducted at other research 
facilities.and in the field obviously correspond with the currently antici
pated testing schedule forthese programs. Since the work of all three 
subtasks begins with the development of preferred formulations for oil/ice 
interaction, it is planned to initiate work on all three subtasks at the 
start of the program. Major milestones associated with the proposed.program 
are also identified in Figure 13. 

Due to the near-term scheduling of the Canadian laboratory and field 
test programs related to the vertical migration of oil in both first'-year ice 
and multi-year ice, the initial emphasis will be placed on Subtask 1.1, 
Vertical Migration. Attention-will then focus on the continuous ice situations 
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of smooth, undulating, and rough ice cover comprising Subtask 1 .3. The 
discontinuous ice situations including broken ice fields, rafted ice, 
hummocks and unconsolidated pressure ridges, consolidated pressure ridges, 
leads, and open water ice edges, will then be studied. 

Based on the contract award date of April ·1, 1978 .specified in the 
RFP, the preliminary preferred formulations for the oil/ice interaction 

.phenomena will be defined by August 1, 1978.· The broken ice field tests 
to be conducted. in ARCTEC 1 s Ice Model Basin wi 11 be completed by mid-September 
1978. The·Ice Flume tests of smooth, undulating, and rough ice cover will 
be completed by November 1, 1978, while the tests of discontinuous ice 
features will be completed by January 1,1979. The project plan then calls 
for the completion of the vertical migration relationships by mid-February 
1979, the continuous ice condition relationships by early April 1979, and 
the discontinuous ice condition relationships by early June 1979. All 
plans for additional ~esearch effort that may be required will be completed 
along with the Phase I final report by the end of September 1979. ARCTEC, 
Incorporated anticipates no difficuHies in meeting the schedule and delivery. 
requirements identified in the RFP. 

771 



10. OUTLOOK· 

Assuming that the research program proposed herein for the· initial 
contracting period of 18 months is successfully carried out, preliminary· 
oil/ice interaction relationships for all of tne phenomena being investigated 
in this program will have been developed in a form suitable for inclusion in 
the oil/ice dynamics numerical model. The degree of accuracy, and therefore 
the degree of sophistication, required from these oil/ice interaction rel_ation
ships depend~ in large part upon the level of sophistication ·.and capability 
of the numerical model prepared for the proj~ction of oil spfll trajectories. 
The 1 ong-:range programs outlined in the sub task work. ·statements included a 
Phase II effort incorporating both laboratory and field tests which would 
result in the highest degree of verification reasonable for the oil/ice inter
action phenomenon being investigated. This proposal,_ therefore, addresses 
the possibility of at least three levels of oil/ice interaction model 
sophistication. The first level will result from the Phase I effort which 
spans the first 18 months of. the program. A second l_evel of sophistication 
and confidence would result from additional laboratory tests conducted in 
the Phase II program. If further verification of the oil/ice interaction 
formulations is required, the substantially greater effort and costs assoc
iated with field t~st verification programs could be justified. Our 
present opinion is that the results of the Phase I e_ffort will provide useful 
and usable functional relationships for the oil/ice interaction plienomena, 
however, it is presently envisioned that the_degree of confidence and level 
of sophistication of these relationships could be significantly improved 
through the Phase II laboratory test program which could be scheduled for 
Fiscal Year 1980 at a cost of approximately $150,000. At the conclusion of 
this portion of the Phase II program, it is judged likely at the present 
time that the level of sophistication of the oil/ice interaction phenomena 
will be up to the level of sophistication of the oil/ice dynamics ,numerical 
model, in which case further refinement of the oil/ice interaction phenomena 
may not be justified. If, however, the research is required and field 
verification of the relationships is desirable, a field test program could be 
undertaken in Fis~al Year 1981 which would likely cost in the range of $350,000 
to $500,000, including logistics costs. 

772 



11. REQUIRED STANDARD STATEMENTS 

The foll.9wing standard statements are incorporated il') this proposal 
in accordance· with the requirements of the RF:~: 

· 0) Updated Activi.ty/Mil estone/Data Management Charts wi,ll be · 
supmi.tted quarterly. 

(:~) · Quar:te~1,Y Reports .w.ill be submit):.ed in ,sufficient.}i.me· dur11')9: 
the contract year :to be i 1:1 OCSEAP hands by th_e 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) At th~ option of the Project Office, the PI is prepared to · · . 
travel to the Project Office at least twice during the contra,ct 
·year. to review project ~tatus and progress. Such. revi.ews wi.ll . 

. 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) D~ta will be provided in the form and form.at specified by ·· 
O,~S~AP·, accompan·ied by .a data documentatio·n form~(NOAA ,24-13). 

(S) Oat~ will be submitted within 120 days· of the compl.etion of~-. 
·3 month data .collection period, unless a written wajver has b!=en 
received from the Project :Office .•. · · · 

(~) Title for all property" putchased with OCSEAP funds remains.· 
witli tlie U.S. Go~ernment pending disposition at the ·contract 
·termination.. . 

(7) 
' . . ' . 

Three (3) copies .of all pliblicat:ion or presentationmanuscripts 
pertaining to technical or scientific material developed under 
OCS~AP 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 Offi.ce. News r.e 1 eases 
wi.ll first be cleared with the appropriate Project Office. 

{8) All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship as follows; 

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." 
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IV. Background 

The proposed Outer Continental Shelf (OCS) planning schedule for 

the federal/state lease of the Continental Shelf of the Beaufort Sea for 

oil exploration shows a final sale date of December 1979 (ref. OCSEAP 

Bulletin No. 18). Nominations for tracts have already been made and are 

to be announced by April 1978, the time when this proposed work is 

scheduled to begin. Between these dates, environmental impact statements, 

hearings, and other formal proceedings will take place. It is not any 

too soon to complete the data base needed to provide environmental 

information adequate to ensure protection of the OCS marine environment 

from damage during subsequent oil and gas exploration. Although it is 

probably too late to have an impact on the choice of locations of lease 

tracts, the results of the proposed study will provide important informa

tion on the environmental impact of development in these tracts and 

shall provide critical information for management decisions on how 

exploration and development operations may proceed. 

During the last four years there have been a number of studies in 

which investigators have determined the effect of oil spilled in different 

environments. In reports by NORCOR Engineering and Research, Ltd. 

(1975)* and by Lewis (1976), the behavior of oil under and in stationary 

first-year ice is described. These studies have provided useful informa

tion on the early processes by which oil rises through the water column 

(also described in detail by Topham, 1975), spreads by gravity flow and 

soon becomes incorporated into the ice sheet. Additional work by 

Wadhams (1975) has provided a description of the under ice topography 

that strongly influences the size of the area within which ice naturally 

contains the oil. In additional work, Rosenegger (1975) has considered 

how oil may move under tilted flat ice, and has concluded that no oil 

penetration upward through first year ice occurs. On the other hand, 

Martin (1977) has studied the rise of oil through brine channels in sea 

ice and subsequent spreading of the oil at the top surface. The proposed 

work involves further study of this mechanism that is particularly 

appropriate in multiyear ice. 

* All references may be found in Section VIII, Analytical Methods, of 
the technical proposal. 
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All of these studies have been concerned with an ice cover in 

oceans that are stationary. A major purpose of the proposed work, then, 

is to study the mechanisms by which oil is transported in the Arctic; 

especially horizontally by the ice motion. We must also determine the 

behavior of the oil in the ice so that we can determine the conditions 

under which it becomes incorporated in the ice and remains there, and 

also those conditions where it is not incorporated and may be spread 

across the ice. 

Other studies have determined how oil is transported by winds on 

ice free oceans. These results are appropriate in analyzing oil transport 

on the Continental Shelves of the Beaufort and Chukchi Seas during the 

summer when the pack ice retreats northward leaving an open ocean several 

hundred kilometers wide. 

Previous experimental research at Flow Research Company (Lin, 1977) 

for the U.S. Coast Guard to determine sea conditions under which oil 

is dispersed by the water column so that it is not recoverable shall be 

useful. 

During February 1977, the OCSEA program held a Beaufort Sea synthesis 

meeting with the purpose of bringing together our knowledge of the 

enviro=ental impact of oil exploration and development on the Continental 

Shelf of the Beaufort Sea.· In OCSEAP Bulletin No. 15, a draft of our 

findings at this meeting are presented. 

The proposed work involves determining a range of trajectories that 

sea ice can be expected to take both by numerical modeling and by using 

drift track data, and determining how the oil behaves as it is being 

transported by the mobile ice. 

The principal investigators, while associated with the AIDJEX 

program at the University of Washington, have performed research to 

further our understanding of the dynamics of sea ice in the Beaufort 

Sea. In addition to the funding of AIDJEX primarily by the National 

Science Foundation and the Office of Naval Research, we have also been 

studying the response of the near shore ice in an OCSEAP project titled 

"Dynamics of Near Shore Ice." As part of this work, we have deployed an 

array of drifting data buoys in each of 1976, 1977 and 1978 (soon to be 

deployed) to determine the motion of the ice cover. By also measuring 

the barometric pressure, we have been able to use the AIDJEX model to 
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simulate ice motion, deformation and stress in the near shore of the 

Southern Beaufort Sea and to test the performance of this model with the 

drifting buoy data (Untersteiner and Coon, 1977). 

The results of this near shore ice dynamics simulation are convincing 

at demonstrating that a plastic model of sea ice is valid. Furthermore, 

only a model that admits discontinuities (or a good approximation thereof) 

can be used to simulate events on these space scales. The essential 

property of the mathematical model is that the system of equations be 

hyperbolic. On-going work by the principal investigators as part of 

AIDJEX modeling efforts have allowed us to characterize the mathematical 

properties of the model and to understand better the response that a 

plastic model produces. We expect to use this plastic model, extending 

it to describe in more detail the incorporation of thin ice into ridges, 

and we shall use it in the Chukchi Sea region. 

An important.feature of the plastic model developed by the AIDJEX 

modeling group is the use of the thickness distribution to help define 

its state. This function describes the relative area at each location 

covered by ice of each thickness. By considering the area covered by 

ice thinner than, say, 10 em, we are able to describe open water and 

leads existing in an area. As the ice cover deforms, the thickness 

distribution accounts for the conversion of the thin ice in the lead 

being piled into a thicker configuration in ridges. By considering the 

redistribution function, we shall be able to describe how oil is incorporated 

into ridges after accounting for the presence of oil in the ice being 

ridged. 

This proposed work represents an application of the knowledge gained 

from our previous work to the problems associated with oil spilled 

under and in the Arctic sea ice cover during exploration and development 

in the Alaska OCS of the Beaufort and Chukchi Seas. The work proposed, 

however, also furthers our scientific understanding of the interaction 

of sea ice with its environment and is therefore an extension of our 

previous work. 
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V. Objectives 

The goal of the proposed work is to determine the locations to 

which oil spilled in or under the ice cover near Prudhoe Bay, Alaska, 

would be transpo-rted and, further, to determine the behavior of the oil 

as the ice cover moves and deforms. More specifically, then, it is 

necessary to determine the motion of the ice cover as it is driven by 

the wind and ocean currents. This information shall define the trajec

tories (a range of trajectories under differing wind and ice conditions) 

taken by the many floes that make up the ice cover. The other major 

area of study is to learn how oil is transported and dispersed across 

the ice and incorporated into the ice. With this additional knowledge 

we are able to specify how oil is transported through the Arctic environ

ment and to determine how it will behave within the ice cover. This 

information shall assist management to make decisions that will help 

protect the OCS marine environment from damages during oil and gas 

exploration and development. 

This proposal is in response to the RFP, Number NOAA 10-78, of 

December 14, 1977. The general objectives stated above are met by 

addressing the three tasks specified in this RFP. By restating these 

three tasks, the following are our specific objectives. 

Task 1: To determine by laboratory experiments the physical 

processes by which spilled oil gets incorporated into and transported 

in, under or across sea ice. 

Task 2: To determine, by numerical modeling and synthesis of the 

results with manned and drift station data, a range of velocity fields 

of the ice cover on the Continental Shelves of the Beaufort and Chukchi 

Seas. These velocity fields shall represent the climatological mean (or 

most probable) and extreme events. As part of this task, major outbreaks 

of ice from the Chukchi into the Northern Bering Sea shall be considered. 

The range of environmental parameters shall include mean climatological 

winds and the response to extreme events, as well as both light and 

heavy ice conditions. As part of our effort to describe the behavior of 

the oil within the ice cover, we shall analyze the mechanisms by which 

oil is transported and dispersed under, through and apove the ice cover 

and incorporated into it. On the scales of interest in this work it 

shall be desirable to learn whether or not it is feasible to develop 
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(primarily by extension of the AIDJEX model) a model capable of simulating 

the ice dynamics on smaller ·length scales (say, kilometers, rather than 

the present tens of kilometers). 

Task 3: To determine, by combining the relevant information obtained 

under Tasks 1 and 2, as well as any other relevant information, ·the 

sequence of events, likely trajectories and destination points for oil 

in the following hypothetical scenarios: 

Scenario 1: An 8 million gallon release of crude oil over a period 

of 5 days into pack ice. Three locations for this accident must be 

considered along the. Prudhoe B~y meridian: 

(a) in fast ice close to shore 

(b) in the shear (transition) zone 

(c) near the shelf break 

The scenario must also consider these events to occur at two dif

ferent times: 

(a) just before ice freeze-up in fall 

(b) just before ice break-up in spring 

Scenario 2: A continuous blowout in the shear (transition) zone at 

the rate of 2 'million gallons/day, starting at freeze-up and 

continuing uninterrupted until mid-August.· 
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This proposal covers the three tasks described in RFP Number RK-8-

0031- and the objectives iri Section V above. Because it is felt that 

Task 3 is the focal point of this proposal, the strategy and approach 

for this task will be discussed first. 

Task 3: The strategy for this task will be to develop an outline 

for each of the oil spill scenarios given above and to flesh out this 

outline with all of the available data from the OCSEA Program, as well as 

other Arctic research projects. The skel.eton scenarios will be examined 

to determine the amount of .deta-iled research required in Tasks 1 and 2 

to successfully write the final scenarios as the last task of this 

proposed work. It is expected that the literature search and outlining 

process will require the first two or three months of the proposal 

period and the results will then be used as a guide for the remaining 

time of the proposal.· 

The overall approach to be taken in the oil spill scenarios is to 

follow the oil through Tour separate time periods: (1) The spread of 

. the oil before it is inc·orporated into the sea ice. (2) The mechanisms 

by which oil is entrapped in sea ice. (3) The transport of.the oil 

incorporated in sea ice. (4) The.:releas·e of oil from the ice and its 

subsequent ~ehavior. This approach is ·similar ·to that used by Lewis· 

·(1976). Much of the supporting background information nee-ded in the 

writing of the scenarios will be obtained from such literature as the 

Beaufort Sea Project Technical Report Nos. 27, 28, 33 and 36, and from 

OCSEAP research data. 

It is felt that there are three mechanisms by which the oil can be 

entrapped and incorporated in the sea ice. These are by migration 

through brine channels which will be studied in Sub task· L'l, or by 

incorporation throu~h the building of sea ~~e ridges as studi~d'in 

Subtask 1.2 and Task 2, or through incorporation by·simply resting on 

the lower· surface of ari ice sheet until new ice is grown below the oil 

and thus incorporated irito the ice -sheet (this will occur wheriever· 

freezing· is possible on the bottom of the ice sheet). The transp·ort 

of the oil with the ·ice cover once it has been incorporated into the sea 

ice will be one of the major stud~es of Task 2 of this proposal Finally, 

when conditions allow the oil to be .released from the ice by fracturing 
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and melting during spring and summer, we shall consider the additional 

problem of dispersion due to ocean currents and ice deformation. Our 

approach shall be to identify dispersion mechanisms and determine the 

motion of the oil relative to the ice cover. This motion will then be 

superposed on the motion of the ice cover. 

Here, the physical processes by which spilled oil gets incorporated 

and transported in an undersea ice will be studied under laboratory 

conditions. During the period of this proposal, plans will be made for 

possible field experiments to collaborate laboratory results. It is 

felt that these field experiments could be conducted as a final phase of 

phase two of such a program. 

Subtask 1.1 

Laboratory experiments will be conducted to determine how and at 

what rate oil moves upward through multiyear sea ice to the surface. 

The upward migration of oil through the brine channels in first year 

sea ice have been documented by Martin (1977). ~ultiyear sea ice is 

characterized by a top layer which is essentially fresh water ice with 

very low porosity (formed as a result of the Arctic summer) and a bottom 

layer which is younger sea ice with a well defined system of brine 

channels. Oil spilled beneath multiyear ice will presumably migrate up 

through the channel system until encounters the layer of fresh ice. 

The continued upward migration of oil during both winter and summer 

conditions will be the central theme of this experimental study. The 

sea ice needed for this program will be grown in a cold room in a tank 

approximately 1 meter square insulated so that the ice will be grown by 

CO;Jlling from the top. Thermistors will be used to determine the tempera

tdre profiles of the sea ice sheet and the salinity of the water will be 

monitored. To simulate the character of the water, a sheet of ice will 

first be grown to between 15 and 20 centimeters and then to simulate the 

Arctic in summer the top of the ice sheet will be warmed by a heat lamp. 

The heating will be maintained until the temperature profile of the sea 

ice is judged to represent summer conditions. At this time the top 

layer of the ice sheet will be flooded with 1 to 2 em of fresh water to 

represent the melting that occurs in the field situation. The ice sheet 

will then be refrozen to represent a wi~ter condition. It is possible 
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that this summer-winter simulation may have to be conducted more than 

one time to obtain an ice sheet with multiyear characteristics. After 

the sheet of multiyear laboratory ice has been prepared, oils of three 

different viscosities will be released at different locations beneath · 

the ice sheet. The subsequent migration rate of these oils will be 

determined photographically by utilizing windows in the side of the 

tank. If the migrations under these winter conditions stop presumably 

at the interface between the ice with brine channels and the fresh ice, 

then summer conditions will again be simulated by heating the top of the 

ice sheet and any subsequent migration monitored. 

For the laboratory work we will attempt to obtain Prudhoe Bay crude 

oil from ARCO Corporation. 

Sub task 1. 2 

Laboratory experiments will be designed to determine how and at 

what rates oil is incorporated into pressure ridges formed from ice of 

various thicknesses. The mechanisms of ridge formation have been 

studied by Parmenter and Coon (1972) and the dimensionless parameters 

which control their formation have been determined. Sea ice ridges are 

formed from primarily young sea ice which is formed during fall freeze

up, or in leads opened during the freezing season. The time required 

-for a ridge to build varies from a few hours to a few days. Any oil 

that contacts the lower surface of young sea ice will be incorporated 

into the ice through the brine channels as discussed in Subtask 1.1 and 

by the formation of new sea ice at the bottom layer of the oil. One of 

the first experimental results required to understand how oil is incor

porated into pressure ridges revolves around the migration of the oil 

through the block of sea ice after the ridge has been formed. To answer 

this question, a laboratory experiment will be conducted in which sea 

ice is .grown as in Subtask 1.1 to the thickness of a few centimeters. 

Oil will be released below this sea ice and allowed to become incor

porated in the growing sea ice. This sea ice will then be broken and 

forced into a small pressure ridge. The rate of migration of the oil 

through this ridge will then be determined by a sequence of photographs. 

With information about the rate of this oil migration, it will be 

possible to design other experiments to determine the final distribution 

of oil in a sea ice pressure ridge. 
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Laboratory experiments will be conducted to determine how oil of 

different viscosities spreads and is moved by ocean currents under sea 

ice with different underside roughness characteristics. These experi

ments will be conducted in a room-temperature towing tank utilizing 

various rigid models with different underside roughnesses. Since the 

~preading of oil is governed mostly by hydrodynamic forces, it is not 

necessary to use an ice model in these experiments. At Flow Research 

Company, we have a towing tank and laboratory personnel ·Which can be 

utilized in this experiment (Lin, 1977). 

Extreme conditions of oil viscosity and currents those 

on the Arctic outer continental shelf will be used to study how much oil 

may be trapped in the high spots of the under ice roughness. The 

number of parameter variations required in this experiment will be 

determined during the course of the experiment. That is, if it is found 

that oil originally entrapped.under ice high spots remains there under 

severe conditions, then the experiments will be completed. If, however, 

it is found that the oil may travel distances, then a more com-

prehensive set of experiments will be necessary. 

Task 2 

We separate the work of determining the oil transport and behavior 

into two efforts that may proceed relatively independently. These are 

(i) determine the velocity and· deformation fields of the ice cover in 

the Beaufort and Chukchi Seas, and (ii) determine the mechanisms that. 

allow oil to be either transported across or incorporated into the ice 

cover. Since the presence of oil is not expected to affect the ice 

motion,· the first of these efforts may be finished independently. l'!otion 

of the ice cover·on the Continental Shelves of both the Beaufort and 

Chukchi Seas will be determined by synthesizing results of numerical 

modeling with existing knowledge of trajectories taken by drifting 

manned camps and buoys. 

Ice drift data are available from the OCS data bank and the AIDJEX 

data bank (for stations deployed in different programs). These data 

must be analyzed to allow us to find the motion at different locations 

and times of the.year. It will be useful to study the temporal spectrum 

of these drift tracks to learn how important long-term averages are 

relative to the shorter-term responses to individual events. 
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The numerical model to be used was developed by AIDJEX and is 

described in Section VIII, Analytical Methods, of this proposal. This 

model has been used already by the OCSEAP, Research Unit 98, to determine 

ice velocities in the nearshore Beaufort Sea. The model utilizes an 

elastic-plastic constitutive law together with an ice thickness distribu

tion to account for the formation of leads and ridges. The numerical 

modeling is needed because it provides the response to any chosen set 

of wind conditions. Data from drifting stations, although important in 

defining ice cover motions, suffer from a lack of control of environmental 

conditions during the relatively few times stations have been deployed. 

With the numerical model we shall be able to determine the ice response 

during mean climatological conditions and extreme events. One signi

ficant task to be done early in the work is to determine from NCAR data 

tapes what are the mean climatological conditions and important extreme 

events. We shall have to be concerned with the fact that while evaluating 

wind data it is really the extreme events of ice motion that are important. 

Since ocean currents also exert a force driving the ice, it is 

necessary to learn what ocean currents are to be expected throughout 

the Beaufort and Chukchi Seas. It shall be desirable to study these 

data to determine if any modifications to the ocean model are needed. 

In the numerical modeling, we shall be able to use our understanding 

of the motion of the ice cover to use as simple a description as possible. 

For ~xample, in the summer there is enough open water present so that 

the ice cover motion may be found by using a free-drift model that 

neglects ice stress. At these times, there is no need to use the 

complete model to determine ice motions. Similarly, during winter 

periods (say January, February and March) the ice is relatively immobile 

and we shall consider the range of drifting ~tation motions to learn if 

these alone are adequate to determine mean motions. On the other hand, 

winter storms can have extreme effects on the fast ice as witnessed 

just this winter (1977-1978) in Barrow. During the remainder of the 

year, especially during the relatively long freeze-up period, we expect 

simulations of ice motions to require the complete ice model. These 

shall be performed so that both mean climatological and extreme.ice 

motions can be determined for a year-long period. This period would be 

necessary to determine the range of trajectories that could be taken by 

the spilled oil. 
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In addition to-determining the mean and extreme trajectories of 

the ice in the Beaufort ~n9 ~hukchi Seas, we-shall also look-closely 

at ·the conditions' controlingJ;rj::ea~out of .Chukchi Sea ice into the Northern 

Bering Sea •. -TI:d.s model ;i.s id~a:).ly suit;ed for the .. ~tudy oL~?1J<;.ll- cqp.diUons 

because of the plastic.·I).atm:e, of the ,constitutive law US!ed for; the sea, 

ice. The analysis shall depend on 01,lr understanding of the mathemattcal 

characteri!?tics ;Qf the,. model to -def~e.:1ll<ilter;i.al paramet;ers and envit"oa:::-. 

mental condition~· tlJ.at can affect; or,· control .such· breatt.o1.1ts. 

On length ~;c?.les of teqs ()f.k;l.lometers, .the A;rDJEX ice mo<;lel,has,, 

provided realistic simulations of the motion, dt;format_ion and stres~: -

of the ice cover. This model differs significantly from that of Sodhi 

(1977) who studied the breakout problem as an example of arching. Ice 

strengths differ by over one order of magnitude even if we increase }lis • · 

wind stress by a factor of ten to be compatable with our valtie. In 
' ,·' 

addition, we shall study the behavior of the moving' ice when there is 

an effect due to Coriolis acceleration and water drag. This study shall 

be especially useful at defining the extreme conditions of importance 

for this breakout problem. 

A breakout during January 1976 is documented both by NOAA satellite 

imagery and buoys that were present in the Chukchi Sea at that time. 

At present it is thought that this time will be chosen for model runs. 

During the performance.of this work, however, other times will be con

sidered to see if more information could be derived from them. This 

model study will be augmented by analytical calculations for various 

extreme conditions to detet~ine the range of ice and atmospheric condi

tions under which such blowouts could occur and thereby transport 

oil into the Bering Sea. 

During those times of year when air temperatures are low enough to 

cause ice to grow thicker, it is felt that the spread of oil before it 

is incorporated into the sea ice will not be extensive (area enclosed 

in a radius of tens of kilometers). When true, it will not be necessary 

to consider motion of the oil relative to -the ice except at Prudhoe Bay 

where we assume the oil spill to occur. In this region, specific 

attention will be paid to the ·ridging of sea ice under various condi

tions to determine the percentage o'f oil incorporated in ridges before 

it is transported westward. 

788 



. ~-

-15-

Flow Research Proposal No. 7853 
January 1978 

During the melt season, howev~r, it is·necessary to determine 

mechanisms that will allow the oil to be released from the ice and 

subsequently moved across the ice. For'this portion· of the study, it 

wili be necessary to use'the results of-Task 1 by superposing the disper

sion· of ·oil·on the ice motion. It shall be··necessary to consider these 

mechanisms along with deformation of the ice cover·to describe the 

behavior of the oil. The effect ·,of storm surges ··and bottom topography 

are also of interest at;·times when oil has been released·, but the ice 

cover· remains. We shall attempt .to assess the impor.tance of these 

conditions for future study • 

i l 

VII. Sampling Methods 

Not applicable. 

·.•. 
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The proposed approach depends on the use of a mathematical model of 

the motion and deformation of the ice cover developed as part of the 

AIDJEX program (Coon, et al., 1974; Coon and Pritchard, 1974; Thorndike, 

et al., 1975; Rothrock, 1975; Pritchard, 1975). This model is based on 

the description of the mechanisms of deformation of the ice cover as a 

function of the formation of leads and ridges. It is well-known that 

the ice cover deforms by forming leads as the ice opens, by freezing· 

the ocean into thin ice, and then subsequently ridging the thin ice 

as the cover shears and converges. 

During the last several years a concentrated effort has been made 

to evaluate this mathematical model and to determine values of the 

various parameters in its description. These results have been presented 

by Coon, et al. (1976) and Pritchard, Coon and McPhee (1977) who showed 

how the model could be used to simulate the motions in the central 

Beaufort Sea; by Coon, Hall and Pritchard (1977) and Pritchard, et al. 

(1977),.who showed how the results could be extended to include the 

. near shore regions of the Beaufort Sea, and by Pritchard (1977), who 

considered an idealized form of the model to allow tuning of the strength 

parameters. 

In the work performed for OCSEAP, this model has been used to 

simulate the dynamic response of the ice cover in the nearshore region 

of the southern Beaufort Sea from January 27 through February 3, 1976. 

During this time period there were seventeen drifting buoys (OCS) as 

well as three drifting manned stations (AIDJEX) providing data on the 

ice motion and deformation. We were able to simulate temporal changes 

in the motion of the ice cover accurately. 

During this time a flaw lead formed from Pt. Barrow eastward toward 

the northern tip of Banks Island. This critical feature dominates the 

spatial variations of the motion. In Figure 1 we present the daily 

displacement field during January 30 when the lead exte~ded about half

way across the Beaufort Sea (verified by NOAA-4 infrared satellite 

images). In Figure la, each arrow represents a displacement of the buoy 

in the direction shown. Distance traveled is scaled by the arrow in 

the lower left corner which represents 0.25 m/sec (about 25 km/day-1). 

In Figure lb the simulated displacement is presented. It is seen that 
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a) Observed b) Simulated 

Figure 1, Displacement of Southern Beaufort Sea Ice Cover During January 30, 1976 
Vectors Show Daily Displacement Proportional to Scale Arrow in Lower Left 
Hand Corner. The North American Continent is Shown in Part A. Scales Are 
Identical in Both Parts. 
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the flaw lead is represented by a velocity discontinuity at the correct 

location. Furthermore, the fast ice region is seen and velocity of the 

moving pack is accurate. A sequence of North South leads also formed at 

about 140°W longitude. Principal strains presented by Pr.itchard (1977) 

show that these leads are forme,d by uniaxial east-west openings in this 

region and the model simulated this feature also. 

The AIDJEX plastic sea ice m~del requires a numerical.solution 

technique to de~ermi~e how the -~ce cover responds. This scheme has been 

developed and tested {Pritchard and Colony, 1976). In addition~ the 

complete description of boundary conditions, initial data and atmos

pheric and oceanographic forcing functions that are required by the 

model is discussed by Colony (1976). 

To learn what properties of the ice and·what environmental condi

tions control break-out of Chukchi Sea ice into the Northern Bering Sea, 

we support the·numerical calculations with a characteristic analysis of 

the model equations (Courant and Hilbert, 1962). The analysis will 

allow us to better understand the results of the numerical modeling 

efforts and to identify critical material parameters and environmental 

conditions. 
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··The product for the program will b·e· a set of reports. 

Task 1: Reports of the experimental results and how they will . . 

be used in the preparation of the oil spill scenarios of Task 3 

will be written. Task 1. 3 will be reported separately (see mile

stone chart). 

Task 2: A report on numerical modeling-of ice trajectories on the 

Continental Shelves of both the Beaufort .and Chukchi Seas will be 

prepared. This-report also will in~lude a study of a major sea ice 

outbreak from .tqe Chukchi to .. the Northern, .Bering Sea. This report 

will-show ho.w the result will be used _in the-preparation of the 

scena:r;ios of Task 3: .and will be completed by June. 1979 (see mile-

stone chart). 

Task 3: An outline of.the oil spill·scenarios will be reported 

in October 1978. The completed scenarios will be reported in 

September 1979 (see milestone chart). 

C. Visual Data: 

Maps of sea ice trajectories for the Continental Shelves of 

the Beaufort and Chukchi Seas will be prepared. 

D. Other Non-Digital Data: None 

E. Data Submission Schedule: None 

793 



-24-

Flow Research Proposal No. 7853 
January 1978 

XI. Information Required From Other Investigators 

Atmospheric barometric pressure data is required to determine the 

winds which are input as ice driving forces. These historical data are 

available from the NCAR data tapes. 

Ice motion data from drifting stations deployed by the' OCSEAP are 

available through the OCS data bank. Other drift data are available 

from the AIDJEX data bank. 

Data on the under ice topography that 'will be useful to dete~ine 

self-contaminent of the gravity flow of oil are available from Austin 

Kovacs, CRREL. 

Although we have not contacted these sources formally, all data 

are available to government sponsored researchers-. 

XII. Quality Assurance Plans 

To help ensure that the ice dynamics model is tuned to simulate sea 

ice motions accurately, we shall compare calculated motions with observed 

ice drift when environmental driving forces are similar. 

XIV. Logistics Requirements 

None. There are no field activit.ies planned during this phase of 

the proposed work. 

XV. Management Plan 

The general management plan is to have a Senior Research Scientist 

of Flow Research Company direct the work for each task as shown in Table I. 

A Manpower Loading Plan for this program is shown in Table II. The 

responsibility for organization within Flow Research Company and all 

required reporting (quarterly, annual, and final) will be in Task 3. 

Because all three tasks are being performed within one organization, it 

will be natural to interchange the results from each task. An Activity/ 

Milestone chart is shown. 

794 



Milestone Chart 

RU /1: PI: M. D. Coon, R. S. Pritchard 

-Hajor Milestones: Reporting, data management and other significant 
contractual requirements; periods of field work; workshops; etc. 
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Major Milestones A M J J A s 

Task 3. Scenario Outline Complete Work A 

Complete Report 
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Complete Report 

Task 1.1. Experiment Designed & Running 
Experiment Complete 

Task 1.2. Identify Mechanisms & Design 
Experiment 

Report for Tasks 1.1 and 1.2 

Task 1.3. Experiment Designed & Running A 

Experiment Complete 
Report_on Task 1.3 

Task 2. Define Mean & Extreme A 
Climatological Conditions 

Develop Ice Trajectories Calculation A 

Determine Ice Trajectories 

Analyze Chukchi Ice Break-Out Condition 

Numerical Modeling Report 
-· 

Quarterly Reports 

Annual Report 

A Planned Completion Date 

A Actual Completion Date 
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XVI. Outlook 

The essential elements needed to describe the transport and behavior 
' of oil in ice will have been identified.. Furthermore, by laboratory 

testing we wiil have learned ·how oil may move under ice and how it is 

controlled by under-ice topography. The ice trajectories-will be deter

mined for mean climatological-conditions in the Beaufort and Chukchi 

Seas. Also, we shall study the range of ice trajectories that may occur 

due to extreme events. In the Chukchi. Sea, we expect to understand the 

natural properties and environmental conditions that control break-out 

of ice into the Northern Bering Sea.. The work that remains falls into 

three categories: (a) a field experiment to verify the results of the 

laboratory studies, (b) further study of the range of e.xtreme events that 

may occur in the Beaufort and Chukchi ~eas, and (c) continued study of 

a smaller scale ice mQdel to. help un'derstand how oil is J:ran,sp9rted and 

dispersed across the ice. In this last task we shall possibly need to 

consider the effect ~f lead and ridge orientation arid. distribution 

and floe size as well as ocean bottom topography. Storm surges need 

to be .studied to learn how they cause the ocean to transpo.rt oil. 

1. The results of these studies shall add data to our· knowledge 

of oil transpott and behavior. The information will be 'incorpor-ated 

into the oil spill scenarios developed in the presently proposed work. 

2~ Significant milestones include completion of field experiments, 

progress in improving small scale ice .description, determination of the 

effect of storm surges and determination of transport and dispersion of 

oil by small scale ice deformation. 

3. Cost for FY 1980 is estimated to be $250,000. 

4. No major equipment is required. 
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1. Updated Activity/Milestone/Data Management Charts will be 

submitted quarterly~ 

2. Quartetly Reports will be:submitted in sufficient .time<. 

during .the contract yea:r to.·•be ·in OCSEAP ·hands ·by· the f~rst 

day . of January, July, arid 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 Principal Investi-

gator is ·p~epan\d to travel to the' Ptoject Office at least 

twice during the contract year to review project status and 

progress. Such reviews will be sched~led 'on dates ·mutually 

'satisfac;tocy 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. 

~CSEAP, accompanied by a data documentation form (NOM 24-13). 

5. -Data.will be submitted within 120 days of the completion 

of a 3 month data collecti~n period, unless a writ~en waiver 
. "; 

has been received fro131 the Pr.oject Office. This dpes not 

apply to report requirements _(see par. 2). 

6. Title for all property purchased with OCSEAP .funds remains 

with the U.S. Government pending disposition ~t .cont.ract 

termination. 

7. ~~ee (3) copies of all publications or_. presentation 

manuscript~ 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 the Bureau of Land Management 

(BL.'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. 

8. All publications and presentations of material developed 

under OCSEAP funds will acknowledge BL.'1/0CSEAP sponsorship. 

The following acknowledgment is standard: 
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"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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