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DISCLAIMER 

The Environmental Research Laboratories do not approve, 
recommend, or endorse any proprietary product ·or proprietary 
material mentioned in this publication. No reference shall 
be made to the Environmental Research Laboratories or to 
this publication furnished by the Environmental Research 
Laboratories in any advertising or sales promotion which 
would indicate or imply that the Environmental Research 
Laboratories approve, recommend, or endorse 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. 
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Table I 

Classification of _ esearch Units as to Tasks 

Data 
A c D E F Management 

43 16 48 3 232 71 350 
152 59 91 5 237 72 351 
153 87 138 6 243 73 362 
162 88 140 19 248 77 370 
275 98 141 29 332 96 468 
480 105 208 67 337 389 497 
500 204 217 68 341 423 527 
506 205 250 69 356 454 545 
556 206 257 78 359 460 563 

210 265 83 417 467 
2,12 267 108 424 
251 289 172 425 
253 367 190 427 
271 435 194 428 
290 499 196 481 
327 519 229 512 
429 526 230 537 
430 529 
431 530 
473 531 
483 536 
516 541 

549 
557 

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

Distribution of Research Units in Lease Areas 

Lower 
Bristol Chukchi Cook Non-Site 

Aleutians Beaufort Bay Sea Kodiak Inlet NEGOA Norton St. George Specific 

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

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

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

< 232 356 337 289 481 257 435 1-'• 
1-'· 248 359 341 290 267 556 

250 427 367 327 275 
253 460 480 341 289 
257 .473 506 367 290 
265 483 417 337 
267 516 424 427 
271 536 425 429 
275 541 430 430 
289 480 431 
290 512 435 
337 480 
341 483 
356 541 
359 
467 
473 
516 
519 
526 
529 
530 
531 
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Proposal to the National Oceanic and Atmospheric Administration 

Title: Influence of Petroleum .on Egg Formation and Embryonic 
Development in Seabirds. 

Applicable Research Unit Number: OCSEAP-Research Unit 423 

Prin~ipal Investigators: D. G. Ainley and C. R. Grau 

Total Cost of Proposal: $32,993 

. Eeriod of Work: 1 October 1977 to ~0 September 1978 

Institutions and Departments: Point Reyes Bird Observatory and 
Department of Avian Sciences, 
University of California, Davia 

Date of Proposal: June 22, 1977 

Signatures: 

AA&.~ 
t.~ 

Address: Point Reyes Bird Observatory, 4990 Sta~ Route 1, 
Stinson Beach, CA 94970 

Telephone Number: (415) 868-1221 

·Required Organization Aeeraval: p. C.hW\c.h. 
• P. thurch 

Organization Financial Officer: 

Executive Director 
Point.Reyes Bird Observatory 
4990 State Route 1, · 
Stinson Beach, CA 94970 

t.<·.)e~ 
Treasurer 
General Business Services 
25 Juno Road 
Tiburon, CA 94920 
(415) 435-4839 



Technical Proposal 

I. Title: Influence of Petroleum on Egg Formation and 

Il. 

Embryonic Development in Seabirds. 

Research Unit Number: 423 

Contract Number: 03-7-022~35163 

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

Principal Investigators: 
I 

D.-G. Ainley, C. R. Grau 
and S. H. Morrell 

III. Cost of Proposal 

C. Total: $32,993 

D •. Distribvtion of Effort by Lease Area: 
Totally Non-Lease Specific Area Laboratory 
and Field Work, but the speci~s worked with 
are common in Alaskan lease areas from the 
vicinity of Kodiak Island southward. 

IV. BACKGROUND 

Abstract. We propose here the second year of study, 
as well as an outlook for continuation in future years, 
in a project designed to assess some possible physio
logical effects on seabirds by short-term low-level 
exposure to oil slicks at sea. Preliminary laboratory 
work on quail and waterfowl showed that ingestion or 
cutaneous contact with less than a gram of oil resulted 
in lowered reproductive output. In the first year of 
NOAA funded work, the project was extended to seabirds 
in the field. We worked with Bunker C oil in FY 1977. 
Results are encouraging but field work is still i~ 
progress In FY 1978 we propose to compare crude oil 
with Bunker C in their effects on reproductive success 
of Cassin's Auklets at the Farallori Isl~nds. In 
following years we plan to compare the physiological 
responses of seabirds of different sex and to investi~ 
gate whether ~il on a seabird's skin has the same 

,effect as it does in domestic fowl. The work will 
provide information to help assess the impact of oil 
pollution on bre~ding. seabird po~ulations. 
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Introduction. Major oil slicks are relatively recent 
components of the marine environment, except in rare 
places such as S~nta Barbara, California, where natural 
seeps occur. Seabirds, particularly the more susceptible 
diving and plunge~diving types (Ainley and Sanger MS), 
have not had contact with oil pollution long enough to 
have evolved or acquired defense mechanisms. Mortality ' 
of seabirds due to oiled plumage resulting from direct 
contact with oil slicks is thus becoming a frequent 
occurrence (see, for instance, Straughan 1970, 1971; 
Smail et al., 1972). Death in this situation has 
been attributed to hypothermic stress after the oil 
destroys the insulating properties of a bird's plumage. 
In~estion of oil under these circumstances also affects 
intestinal absorption of water as at least one contri
buting cause of death (Crocker et al., 1975). In spite 
of information about bird survival following direct 
oiling, little is known about the possible effects 
of petroleum on physiological processes, especially 
reproduction, in birds. The present proposal is de
signed.to ~valuate the significance of oil ingestion 
1n seabird reproduction. 

Coating of laid eggs by oils can cause embryonic 
mortality, probably by limiting gaseous exchange through 
the shell (Rittinghaus 1956, Abbott et al., 1964, · 
Hartung 1965), but also by a toxic effect of substances 
absorbed through the shello Albers (1976) report~d 
that as little as 1 ~1 of fuel oil reduced the hatch
ability of 8-day Marlclrd Duck embryos that were being 
incubated artificially. Ingested substances can be 
deposited in eggs, usually in the yolk (Shenston~ 1968), 
but we are only ~eginning to understand the mechanism 
and effects of such incorporations. Both~fat and 
water-soluble materials, including drugs, pesticides, 
toxins, and dyes have been identified in the yolk. 

A recently published study of the effects of 
Bunker C ~il on egg formation and hatchability in 
Japanese quail (Coturnix coturnix japonica), a pilot 
animal, showed that a single dose of 200 mg reduced 
egg production and drastically interfered with embryonic 
development, resulting in verr ~oor hatchability for 
several days (Grau et al., 1977). It is not yet·clear 
whether these effects represent incorporation~of oil 
components in yolk or some indirect effect on intestinal 
or liver functions. Extension of this study.to frac-
tions of Bunker C has shown that the primary effects · 
lie in an isopentane-soluble fraction, not in the heavy 
residueo When experiments similar to these were carried 
out with Prudhoe Bay c~ude oil, fed at 400 and 800 mg 
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levels, egg production ond shell thickness were reduced, 
and therefore total reproduction was markedly affected, 
but the hatchabilitr of fertile eggs was not reduced 
(Engel, et al,, 1977), in contrast to the results with 
Bunker C. 

Ingestion of petroleum hydrocarbons by seabirds 
and waterfowl can ·occur in several ways. First, a 
bird ingesuoil while attemptin~ to preen it from 
its plumag~. Hartung and Hunt l1966J reported that 
a duck with 7 g oil on its feathers ingested 1.5 g of 
the oil during the ,first day .after oiling, or 2-3 g/kg 
body weight. Autopsies of heavily-oiled bird• have 
disclosed oil in the alimentary tract, indicating that 
ingestion occurred during preening. At least twice 
during the post five years, up to 10% of Common Murres 
(Uria oalge), Pigeon Guillemots (Cepphus calumba) and 
Western Gulls (Larus occidentalis) at their breeding 
grounds on the Forallon Islands have been counted with 

· small amounts of oil on their feathers (PRBO Farallon 
Journal). In such instances significant amount of 
oil might be ingested through preening without the 
birds being sufficiently coated with oil to cause death. 
Secdnd, a seabird might directlr eat oil. Some-species, 
for instance large gulls (lorus} and albatrosses 
'(Diomedea) feed heavily at t1mes on pelagic barnacles 
(tepos) that attach themselves to objects floating on 
the sea (Miller 1940, Sanger 1973). The barnacles 
readily attach to oil g~obs with a hardened outer sur
face; such tar ·balls can in some areas be quite common 
(Heyerdahl 1971; Ainley, person~! observation). If 
a bird finds barnacles on a small tar boll it might 
ingest the entire thing. Thirdly, seabird~ maintain 
flyid and salt balance by drinking seawater. They 
could conceivably drink water contaminated by oil. 
Finally direct contact of skin with oil causes changes 
in tissue structure and permeability (Renden and Abbott 
1973). We found recently that such contact will also 
Qffect yolk structure in the some way as does oral 
dosage. Similarly, we found that intraperitoneal 
injection of Bunker C oil resulted in abnormal yolk 
structure (unpublished observations). 

Smearing of as little. os J mLof Bunker C on 
the feathers and skin of the neod and neck of quail 
resulted in formation of yolk with the some abnormal 
structure as was observed when 200 ~g was given in 
a capsule by mouth. From this experiment it was not 
possible to determine whether the effect was a direct 
one on the skin, or whether the bird preened and 
thereby ingested the o~l. 
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Recently developed approaches to the study of 
yolk structures and its relation to nutrition and 
other environmental factors have been made possible 
through new methods of fixation, staining and anal
ysis of eggs (Grau 1976). After free3ing whole eggs 
to alter lipoproteins, the yolk can be fixed in 
formalin and stained to reveal rings of yolk that 
can be related to the time the egg was laid. Frozen, 
unfixed yolks can be cut in half and material isolated 
from particular parts of the yolk can be analyzed chem
ically. Thus the composition of yolk deposited during 
a known period of 8-12 hours·can be related to environ
mental pollution by oil or other materials without 
maintaining the female in captivity. 
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Stud~ Area and Research Sub)ects. The Forollon Islands 
lie 5 km west of Son Fronctsco, California. They ore 
the site of the largest seabird breeding colony in 
the contiguous 48 stotes of the U. S. and o Notional 
Wildlife Refuge Since 1968 the Point Reyes Bird 
Observatory (PRBO) has maintained c year round research 
station on Southeast Forollon, largest island of the 
chain. Based on our 1977 studies, we hove concluded 
that Cossin's Auklet (Pt~choromphus oleutico) will 
be our major study subject. It is abundant at the 
Forollones, its ecology has been intensively studied 
there, it easily lends itsel~ to the proposed studies, 
end lastly and very importantly, it is o member of that 
seabird family (the, Alcidoe) that. world-round has been 
most heovily impacted by oil pollution. Furthermore, 
these auklets breed as far north as the Kodiak Island 
area of Alaska and thus occur in important lease areas. 
Study of the species at the Forollones will mean a 
minimum of logistics arrangements and problems. 

Preliminarr Findings. We hove used saverol approaches 
in develop1ng our studies and hove attempted to integrate 
them through field and laboratory observations. New 
techniques were developed to reveal the internal struc
ture of yolk and to study the effects of diet and 
environmental pollutants on yolk formation. Most of 
this work was done with Japanese Quail and with chickens, 
two convenient laboratory animals that se~ve as models 
for field investigations. By using poirs of quail 
kept in individual cages, the effects that single, 
small doses of oil had on embryo survival could be 
correlated with structural changes that occurred in the 
¥olk in response to oil. Chickens and Canada geese 
lBranta canadensis) werP also found to deposit yolk 
abnormally after oil dosage, but hatchability was not 
studied in these species Investigations are now in 
progress on variation in yolk composition in relation 
to oil dosage. 

· Field work ~n yolk formation was begun in 1975 
_with a study of eggs from 20 species of birds, prin
cipally waterfowl and gulls, nesting in Alaska 
(Roudybush and Grou·, 1977). This provided background 
experience and data on times required for the rapid 
phose of yolk formation. During the 1976 breeding 
season on the Forallon Islands we attempted to develop 
methods and obtain information on the effects of oil 
in a capsule hidden in o fish on the yolks produced 
by Western Gulls. Careful laboratory observation of 

two eggs laid were unsuccessful in revealing any 
differences in yolk structure or staining properties 
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that could be attributed to oil ingestion. The 
chemical analytical procedures being developed at 
Davis ore not yet odequo.te ,to reveal compositional 
effects of oil pollution on eggs; hence they hove 
not yet been appli•d to these or other seabird eggs. 
Furthermore, the results of 1976 as well as those 
of 1977 reported below suggest that Western Gulls, 
although very numerous ore more difficult to study 
than other birds such as auklets as they may be 
better able .to cope with oil than other birds. (Ericson 
1963) and th~y ore difficul~ to opprooch and dose. 
The diet of gulls is voried,.ond o significant portion 
sometimes comes from garbage. This decreases the 
uniformity of yolk deposited, and ·thus makes it difficult 
to detect yolk components affected by ingested oil. 
Also, gulls appear to regurgitate irritating ~ubstonces, 
thus making successful dosage by capsule uncertain. 

During the 1976 nesting season, on the Foro~~ones, 
13 female Western Gulls w~re each fed ] g of Bunker C 
oil in o gelatin capsule concealed in o fRh. Eggs, 
were recovered from 4 nests belonging to gulls which 
had been fed the oil. The remainder of the nests were 
left undisturbed e~cept for doily obseivotions. Only 
6 of the remaining 9 oil-fed gulls laid eggs in the 
nests under observation. O~ly 2 of the 14 eggs in 
these nests foiled to hatch. These were the first 
and second eggs from a 3 egg clutch and were laid 7 
and 9 days after the female gull was fed oil. The 
third egg, which hatched, was laid 11 days after the 
gull was fed oil. Since Western Gulls take about 
12 days to form yolks and probably 1 day to form 
white, membranes, and shell, all 3 yolks from these 
eggs should hove been forming when the oil was fed. 
Since eggs of other oil-fed gulls that were laid 7 
and 9 days after oil feeding hatched successfully, 
we do not know whether the unhatched eggs foiled to 
hatch because of oil ingestion by the adult. Some 
gulls were observed regurgitating oil after ingesting 
the fish containing oil Others wer~ observed with 
oil on their feet and bills ·after ingesting oil. 
This regurgitation makes it impossible to know how 
m~ch oil actually passed through the gulls' gastroin 
testinol tract. 

Laboratory studies of eggs from 4 nests suggested 
thct oil may have affected yolk structure, but the 
characteristic. ring patterns after dichromate staining 
were nat observed. This may have resulted in part 
because of the extreme variability of natural pigmen-
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tation of gull eggs. There was on intense blue ring 
re~ulting from staining for available iron by the 
Prussian blue test (acidified ferrocyanide). This. 
unique response was similar to those seen in c~ickens, 
quail, and goose eggs of birds dosed with Bunker C. 
Yolk sphere size appeared to have been decreased by 
Bunker C dosing of gulls, but the results·were not 
clear-cut. 

of results from FY 1977 work. 
ase on t ese pre iminary. Ln 1ngs, t e researc 

plan for the 1977 breeding s,ason, as submitted and 
funded by NOAA, utilized Cassin's Auklets and Western 
Gulls in a two-pronged study. The auklets, which lay 
their one egg early ih .the season, are abundawt and 
relatively accessible. We have extensive dote and 
experience with the reproduction of these birds on 
the Farallon Islands. The gulls lay late~, produce 
several eggs that are easily monitored, but dosing 
the adults posed problems that have not ever yet 
been~. solved. 

In the auklet study, relatively.few changes 
were made from the original plans. Three groups of 
100 burrows each were identified and prepared with 
auxilia~y openings thus allowing access to the nesting 
chamber without distuibing the normal entranc~. In 
orde~ to avoid bias from variation in position-or 
soil conditions of burrwos, the treatments were dis-
tributed randomly. Iri the first burrow of a group 
of three, 2 or 3 empty capsules were given to the 
female; in the. second, 300 mg Bunker C'oil in 2 
capsules was given; in ~he third, 600 mg B~nker C 
in 3 ~apsules was given. If on the day dosing was 
to occur a buriow was found to have a egg· that egg 
was removed and the female was treated 3-~ days 
later. Burrows were examined doily until an egg 
was found, then were not disturbed until a check was 
made for hatching 38 days later. At the time of 
writing this proposal, most but not all of the auklets 
have completed incubation; hence only preliminary 
data, ~ot analyzed statistically, can be presented. 

There appears·to be no difference in numbers of 
eggs produced by pairs in any of the groups, and 
there was no mortality that could be related to 
treatment. The hatching success appears to have been 
affected by the tredtments, as indicated by the 
following table; only birds that laid 2-7 days after 
dosing are includ~d: 
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I . 
I 

Tr~atment 
Mg~ Bunker C 

Number of females Hatchin9 Success 
l%) 

0 

300 

600· 

15 

26 

24 

59 

68 

58 

The hatching success in.ri group of untre~ted 
burrows that has been studied for seve~al years was 
82%, thus indicating an effect of the disturbance of 

. the birds by the experiment. · 

Weight at hatching was not affected by the 
treatments; data on chick development and weight at 
fledging are not yet available. 

The field results obtained thus far indicate 
that the treatments by the higher level of oil may 
have had an eff~ct on reproduction, but the results 
were,less striking than in the work on quail and 
geese. In our 1977 proposal we had ~nticipated 
dosage level as presenting a problem and now have a 
better understanding of this for work with auklets. 

After preliminary laboratory examination of 
some of the eggs, as outlined below, in which no 
evidence of an oil effect was obtained, some separate 
trials were made on the fats of the oil contained 
in capsules given to auklets and held for a few hours 
after dosing, because it was suspected that the birds 
were regurgitating the oil after the capsule dissolved. 
However, it was found in every instance that the oil 
passed through the bird and was voided explosively 
in the feces within a period of 10 minutes to one 
hour; none of the oil was regurgitated. Sudan 
black dye in a ca~sule was similarly voided. 

The field observations on the effects of the 
oil on gulls confirmed the 1976 results in which 
dosing became the principal problem. In the present 
year, capsules containing oil were coated with 
hydrogenated vegetable oil to lengthen time of 
capsule solution, and the capsules were sewn inside 
small squid. The gulls readily took the squid. 
As soon as .the capsule dissolved and the oil was 
released, the squid, now covered with oil, wos 
regurgitated, and was eaten by the mote or another 
bird. Within a few seconds it was regurgitated again. 
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I 

v. 

Sometimes this was repeated several times. This 
stu~y convinced us that do~ng gulls by cop~ule is 
fru1tless. Other small tr1ols with gulls 1ncluded 
snoring and smearing with oil on the head and neck, 
and injecting the oil introperitoneolly into two birds. 
All these gulls abandoned their nests. Another 
potentially more useful technique that is still 
being evaluated was to coot the first egg laid with 
oil, and after the female incubated it overnight 
thus coating th~ brood patch with oil, the egg was 
removed. Eggs laid subsequently were collected for 
chemical analysis and observQtion of yolk structure. 
Results ore not yet available 

Laboratory studies of both ouklet and quail eggs 
hove been limited to dote to observations of frozen, 
fixed, and stained halves of yolks. The remaining 
halves are being saved for chemical analyses. In 
contrast to the easily observed effects of oil on 
the yolks of quail, chicken, and goose eggs the eggs 
of ouklets and gulls have not yet been found to exhibit 
any abnormalities irr rings, staining appearances, or 
yolk sphere structure. Whether this can be explained 
by the behavioral responses of the ouklets and gulls 
to oil dosing, or by differences in mechanisms of 
yolk formation can only· be speculated. Chemical 
analyses of yolks may aid in clarifying these results. 

With the entire colloborotion of Dr. W. G. 
Jennings, Department of Food Sciences and Technology, 
University of California, Davis, capillary column 
gas chromatography of extracts of quail yolks is 
being used to try to identify distinctive components 
of oil in eggs. We ore also attempting to identify 
such components by ultraviolet absorption analyses. 
·As soon as these or other techni~ues such as liquid 
chromatography can be applied to yolk extracts, 
auklet and gull egg yolks will be studied. 

Objectives for FY 1978 

1. To examine the effects of ingested petroleum on 
egg formation, biochemistry of yolk formation 
and developmental embryology of incubating 
eggs in Cassin's Auklet. 

2. To examine the effects of ingested petroleum 
on hatching success of eggs incubated under 
natural field conditions with subsequent chick 
survival in Cassin's Auklet. 
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3. To compare Bunker C fuel oil and Prudhoe Boy 
crude oil in the above two analyses. 

The achievement of these objectives will help 
in the evaluation of oil spill impacts on breeding 
seabirds that nest in monr ports of the Alaskan and 
other Pacific Coast coast ines and islands. The 
objectives ore specifically aimed at the effects of 
the two most likely sources of spills in the area, 
Alaskan crude oil and heavy fuel oil such as that 
commonly used in tankers and other ships. If no 
effects ore observed, oil cop be hond~d directly 
in relation to bird cleanup and recovery. If oils 
cause significant although possibly hidden effects, 
bird resource monogen will need to devise ways of 
minimizing oil spill effects on colonies. 

VI. General Strategy and Approach 

We, propose to continue our study to appraise 
the effects that o brief exposure to on oil spill 
would hove on the reproduction of Cossin's Auklets 
(~chorom,hus ole utica) nesting on the F arollon · 
I~ands o California. This species is representative_ 
of- many birds breeding along the Pacific Coast that 
ore at risk from oil pollution during the reproductive 
period. 

· Duri~g the fir•t year of the project breeding pairs 
were identified ond do•ed with copsul•contoining 

small omounuof Bunker Coil during the period of 
rapid yolk formation. Controls were treated identi
cally except that on •mpty capsule was giv~n. We 
ore attempting to determine the effects on egg 
structure and composition, on egg production, on 
embryo development, and on hatching success and 
survival of ouklets and gulls. Attempts ore now 
being mode to correlate any chemical and structural 
changes in the yolk with embryo survival to determine 
possible mechanisms of the action of oil on reproduc
tion. 

Status of the first Because 
au ets tee ~or y 1n t e year, wor on the project 
hod to be started in advance of funding by NOAA. 
During January and February, 1977, 300 burro~s were 
identified and prepared; doily monitoring of burrows 
was begun in March. Ocean temperatures remained· 
high during early March, not reaching the critical 
temperatures of 10.40C, indicating upwelling~ until 
mid month. The first eggs were laid as expected in 
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late March. At the. time of submitting this proposal, 
work on the auklets is still in progress; most eggs 
have just now hatch~d~ · 

VII. Sampling methods 

· One of the problems encountered this year has 
been that of effective monitoring of auklet burrows 
and their occupants, primarily because of the contin
ual changes that the birds make in burrow structure 
up to the time that the egg is laid. Much effort had 
to be expended to keep the end of the burrow within 
an arm's reach of the lost intercepting hole cut from 
the surface into the burrow. Some burrows had 4 holes, 
each covered by a piece of masonite which the observer 
had to make in order to have access to the nesting 
chamber. Some burrows collapsed, some became conriected 
with a neighboring burrow, and some were abandoned. 

As part of a study of burrow at~endance, eight 
semi-artificial burrows have been fitted for one year 
with entrance monitoring devices. These burrows~ 
constructed of. plywood, have been well occupied {7 
egg~ laid; 6 eggs hatched) and effectively utilized 
by breeding pairs through all periods of reproduction. 
Chick-growth ha• apparently been normal. For 6 
seasons we ·have used similar artificial nests for 
other seabird species on the Farallones with no signs 
of affecting their behavior. We propose to prepare 
and utilize 200 such wooden nest boxes, but not to 
fit them with monitoring devices. 

The 100 mast structurally sound burrows remaining 
from 1977 will also be followed, providin9 a grand 
total of 300 burrows, for expe~imental use in 1978. 

· About 10 days after sea water te~peratures. drop 
to a consistent 10.40 or lower (indicating onset of · 
upwelling) or about 10 March (the earliest auklet 
laying day), whichever occurs first, burrows will be 
checked every other day until the first egg is found. 
Since we can not know exactly when an individual 
pair will produce its egg we will dos• some females 
every night throughout the period up to peak egg lay
ing, a span usually of abo~t 10 days. This will 
insure incorporation of oil into eggs at different 
intervals prior to ovulation. Each night when both 
memb•rs of each pair are in their burrow, we will 
capture 30 pairs and force feed the smaller member 
of each pair, the female, with a gelatin capsule, 
·a different sample eac~ night: · 
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GROUP A. 
GROUP B. 
GROUP C. 

1 0~~ will be 
1 0~~ will be 
1 0~~ will be 

given empty gelatin capsules 
given 600 mg of Bunker C oil. 
given1000 mg of Prudhoe Bay 

Pairs 
their 

Crude oil. 
will be bonded and returned together to 
burrows. · 

Dosed pairs will be checked for eggs every,morning 
thereafter. Some eggs will be removed for laboratory 
analysis, the exact number to be determined based on 
.results of the 1977 laboratory analyses. The pairs 
will re-lay within about 10 days following·loss of 
their eggs. Eggs will be left in other burrows to 
determine hatching success. Controls in Group A 
will be checked in a similar manner. Another control 
group (D) of 70 bur~ows, studied each season from 
1972 to 1977, will be studied without handling ~f 
occupants. Burrows in which eggs were not removed 
will be checked daily beginning 42 days after laying 
to determine hatching success. Burrows will next 
be checked when parents leave chicks·alane during 
the day, eight days after eggs hatch. Same chicks 
from experimental and control burrows may be weighed 
daily to comp~re development. The number will be · 
determined after weight data collected in 1977 are 
analyzed. 

Materials. Two types of oil, Venezuelan Bunker C 
and Prudhoe Boy Crude, will be administered in 
gelatin capsules to the respective experimental birds. 
The Prudhoe·Bay crude oil is an authentic sample 
obtained from NOAA - Seattel; analytical data will 
be available fro~ that laboratory. This sample has 
also been used in studies with quail (Enge-l et al.J 1977). 

VIII. Analytical Methods 

Eggs to be used will be collected before incubation 
and kept at room temperature until taken to Davis. 
There they will be degassed in vacuum to reguce 
entrapped air bubbles, frozen in air at -20 C for 
25 hours, thawed briefly in.water t~ remove the 
shells, fixed in 4% formalin at 65°C for 18 hours, 
cut in half and one half put into 6% aqueous potassium 
dichromate for 16 hours at 65°C, washed to destain, 
stored in 0.05% mercuric chloride, and sliced at 
2 mm thickness for observation. Slices from ·the 

·formalin-fixed half will be stained with acidified 
pota~si~m ferrocyanide to reveal available iron. · 
Some eggs will be kept frozen for go~ chromatographic 
and other analyses of samples o.f. yolk ·laid down before 
and after dosing. Details are: g:iven in Grau (1976); 
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supplementary methods ore being developed and ~ill 
be applied as they become useful. We ore fortunate 
in having the collaboration of Dr. W. G. Jennings 
Department of Food Science, UC Davis, in the 
chromdographic studies. He is an authority in· 
capillary gas chromatographic techniques. 

Data analysis and results. We will compare breeding 
success between experimental and control birds ~nd 
analyze egg structure between the two groups. We 
will also compare breeding success and egg structure· 
of females dosed at different time intervals prior 
to ovulation and laying. We.should be able to deter
mine critical dosages, critical times for dosing to 
cause effects, and how petroleum oils alter seabird 
reproduction. We will also obtain information about 
egg formation in wild birds and be able to learn 
something about the timing of differenct events in 
egg formation and the times required to form yolk, 
wh~te and shell. 
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IX. Anticipated Problems 

A problem anticipated in the first year of study 
(FY 1977) was that of dosage levels of the oils. This 
we solved for Bunk&r C oil. In FY 1978, however, we 
will be comparing results between Bunker C and 
Prudhoe Boy crude. Our work with quail indicate that 
dosage levels causing effects are not the same. Our 
work in 1977 suggests that the minimum level for 
auklets,may be 1000 mg. 

Another potential problem for the whole study 
is that an inadvertent oil spill may occur in the 
Farallon Islands region at the time of the study. 
If this does occur, attempts will be made to salvage 
iriformation from affected birds, but clearly the 
original basis fo~ the study would be destroyed. 
Finally, _we can not foretell marine conditions for 
1978. Reproduction in ouklets ond other seabird 
species are very respon·sive to changes in marine 
climate and other oceanographic factors. Conditions 
in 1977' were in fact very interesting in this regard. 
Short of total breeding failure by the population 
which is a remote possibility, our experience with 
the breeding ecology of ouklets should allow us to 
cope-with most conditions. 

Other tactical. and logistic problems could also 
occur; if they do, t~e investigators will use their 
judgement in attempts to solve the problem. · 

X. Deliverable products 

A. Digital data - none 

B. Narrative reports - approximately three 
scientific publications 

C. Visual data - none except in reports and 
publications 

D~ Other non-digital data - Photographs of terrain, 
techniqu•s, birds, ne$ts a~d eggs will be 
obtained. Journals of observations will be 
kept, together with dota on bird and egg 
measurements. Laboratory data will be obtained 
artd stored as usual. 

E. Data submission schedule. Data will be submitted 
by cruise; see following Data Products Schedule. 
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XI. Information Required from Other Investigators 

Describe data required from other investigators to carry out your 
proposed work. · 

None is anticipated. 

XII. Ca1ibration and Intercomparison ; Quality Assurance Plans 

Briefly describe your procedures for the calibration and inter
comparison of instruments and methods. 

This study is unique in that no other investigations 
utilizing the proposed approaches have been made or are 
in progress, as far as we know. We will be using a· re
ference Bunker C ollproduct that has been studied in other 
laboratories. 
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XIII.Special Sample and Specimen Archival Plans 

If, as part of this study, samples are collected whic-h should 
be kept for future reference (e.g., core samples) describe the 
number of samples, special storage conditions, location of 
the archive, annual cost of archive, etc. 

Specimens to be collected will be stored at Point Reyes 
Bird Observatory or University of California, Davis~ No special 
needs are anticipated. 

X7V. Logistics Requirements: This form will be used by the 
project offices to plan and coordinate all field oper
ations. Therefore, the information should be as complete 
as possible.- Questions regarding the form should be · 
directed to.Capt. Phi1 Taetz~ (303) 499~1000 (Ext. 6562) 
or Lt. John Murphy (Ext. 6531). 

These will be arranged through PRBO; no NOAA 
component~ ore anticipated (see Other data for information 
about the Forallon Islands and facilit.1es available the.r_e). 
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:-u·.-: .. ;-··QUAKi·i::iis-ANu stni~·isTi::Nci·:- S! 'ou-r----······ -· -------------·--·-----------···- ---
.• J.. \~hOlt 3 re your requirements· ... ..Jr quarters ilnd subsistence in Alle field. ar.ea~ 

·(These requirements should be broken down by (a) location, (b) calendar periodJ 
(c) -number of,·personnel per day and total man days per period) 

. Point Reyes Bird Observatory maintains a yeor round research 
station on Southeast Farallon Island. Electrical power and all 
the luxuries of modern living are provided. Regular weekly boat 
servide to the island is also provided. Biolo~ists will be work~ng 
on the island, at the PRBO headQuarters, and in the laboratories 
of the Department of Avian Sciences, University of California, 
Davis. Island quarters are available at no cost to biologists; 
food is available at cost. 

It is e~pected that one or two biologists, in addition t6 .. the 
regular staff, will. be on the island from 1 March to 31 ~~ly 197$. 
The total person~days is expected to be 210. 

:i 2. Do you recommend a particular source for this support? If "yes" please name 

I 
I 

II 

the source and the reason for your recomme~dation. 

Except for food, PRBO will provide quarters and subsistence. 

~~--~--~~--------~--~--------~--------~----~------------------------~------~ 1. ~"hat is your estimated per man day. cos.t for this support at each location? 

Food costs are 54.00 per day per.person, or 4 x 217 = $ 868 

How did you derive this figure, i.e., what po~tion 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? 
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XV . Management Plan: Briefly describe how you will manage your 
project. Also provide an Activity/Milestone chart. 

· Because the station on the Farallones'is ·perma~ently esta-
blished and continuously operated by PRBO, field management consists 
grimarily of scheduling personnel, travel from Davis to Marin'County 
(70 miles), and care of samples. All of these problems were managed 
successfully during the preliminary work in 1977 

Chemical and biological laboratpries are available in the 
Department of Avian S~iences, UCD, to conduct the egg and ~mbryo 
preparation·and analysis. Most of these are carried out regul~rly 
in other studies.· Special.analyses of petroleum components in yolk 
fractions prepared at Davis would be required and would be· sent to 
laboratories e$pecially equipped for this work. 

Salaries of the ~a-principal investigattirs will be provided 
by their respective institutions. · ~· . 

For administrative convenience it is suggested that PRBO be 
the prime grantee or contractor and submit·a requisition for the 
work to be done in Davis. The Univ~rsity of California will submit 
a quarterly invoice for expenses, up to the amounts budgeted, to 
PRBO. This sub-account would be maintained in a manner that would 
conform to all UCD accounting procedures, and would be readily 
available for NOAA o~diting. All reports ~auld be made through PRBO. 
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XVI. Outlook 

Because this proposal fpr FY 78 is being written 
for the middle of the first funded year, it is difficult 
to project into FY 79. It appears, however, that · 
it will be possible to extend the study of auklets into 
several new areas, to answer such questions as the 
following: · · 

A. What are the effects of two or more doses of 
oil at various intervals, in terms of survival, 
egg formation, and reproductive success? 

B. Does oil place a larger chr9nic burden on an 
auklet, which lays only one egg, than it does 
on a quail which lays many eggs, and thus has 
a mechanism for removing fat-soluble substances 
from its body? 

C. What are the responses of male auklets to oil 
dosage, separate from or in addition to that 
of females? 

D. Does external application of oil that simulates 
the effects of a spill have a major adverse 
effect on reproduction, or is ~uch a direct 
effect primarily one on survival? 

Answers to these and similar questions should 
yield data that will help to evaluate the magnitude 
of oil spill effects. Because only two or three 
variables can be studied each year, two or three 
additional years may be required to answer the question. 
In this connection it should ·be pointed out that this 
approach is unique as far as we know, arid no com
parable studies are in progress in th~· U.S., Canada, 
or Great Britain. 

The cost per fiscal year is expect•d to remain 
at approximately the present· level, adjusted for 
inflation. 

Major equipment is not anticipated. 

We anticipate continued use of the Farallon 
Islands as an ideal field laboratory for these studies. 

No changes in logistics are expected. 
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XVII. 1. Updated Activity/Milesrone/Data Management 
Charts will be submitted quarterly. 

2. Quarterly reports will be submitted in suffi
~ient 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 
ot 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 officio! OCSEAP-desig
nated repository in conformity with OCSEAP 
voucher specimen policy. Vouchering will include 
life history stages (e.g., larvae, juveniles, . 
adults) when these are used, and sexes where 
these are moiphologically 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 under
stood that costs of the travel and per diem 
for these trips will be borne by the Project 
Offic.e. 

5. Data will be provided in the form and .format 
specified by OCSEAP,. accompanied·by a dato 
documentation form {NOAA 24-13). 

6. Data will be submitted within 120 days ~f the 
completion of a cruise or 3 month data collec
tion period, unless a written waiver has been 
received from the Project Office. This does 
nat apply to report requirements (see par. 2). 

7. Within 10 doys of the completion of a cruise 
or data gdthering effort, a ROSCOP data collec
tion inventory form (NOAA 24-23) will be sub
mitted to the Project Data Manager. 

B. Title for all property purchased with OCSEAP 
funds remains with the U.S. Government pending 
disposition at contract termination • 

. 9. Three (3) copies of all publication or presen
tation manuscripts pertaining to technical or 
scientific material developed unde~ OCSEAP funds 
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will be submitted to the appropriate Project 
Office at least sixty (60) days prior to re
lease 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 acknow
·ledgement 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-yedr program respondirig to needs 
of petroleum development of the Alaskan 
continental shelf is managed by the Outer 
Continental Shelf Environ•ental Assessment 
Program (OCSEAP) Office." 
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OTHER INFORMATION 

a. The Co-Principal Investigators are D. G. 
Ainley, Biologist and Director of Research, Point 
Reyes Bird Observatory, Stinson Beach, California; 
c. R. Grau, Profes~or and Nutritionist, Department 
of Avian Sciences, University of California, Davis; 
and S. H. Morrell, Farallon Biologist, Point Reyes 
Bird Observatory. Biobibliographic material is 
attached. 

Ainley is an ornitholog~st whose professional 
activities have been primarily concerned with pop
ulation dynamics, ecology, and conservation of sea
birds. Grau has been concerned with nutrition in · · 
relation to avian reproduction for several years. 
Since 1972, he has studied yolk formcition, yolk 
structure, and nutritional factors that influence 
yolk deposition. Both men will devote 10% of their 
time to the project. Morrell is a zoologi•t whose 
activities are mainly directed toward research on 
the Farallon Islands. He will devote 60% of his 
time during appropriate months of field work to this 
project. 

b. The Co-Principal Investigators will be 
actively engaged in the p~oject, and will directly 
lead and supervise the work. They will be respon
sible for. the timely completion of the pr~ject. · 

c. Biobibliographic material for the partici
pants is appended. 

d. Other data from related Projects. 

with Canada Geese Branta canadensis moffitti). 
a eese w 1c were ept 1n a arge .out oor pen 

were dosed with 2, 3, or 5 g Bunker C oil and the 
eggs were collected, frozen, fixed, and stained. 
Eggs laid after do•ing showed a characteristic light 
ring after dichromate staining; yolk deposited later 
stained darkly. 

In addition to the results from specific inves
tigations using doses of oil, we have data and ex
perience ort breeding and feeding behavio~s of several 
birds found on the Farallon Islands. This information 
is essential for a successful field study. Many of 
the technical and logistic problems involved in 
carrying out an oil pollution study have already 
been solved. 
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Because of differences ln structure or composition of 
yolk deposited during the doy and night, light and d~rk rings 
ore revealed when fixed yolks ore stained with dichromate. 
Application of this technique to the eggs of s~verol species 
indicates differences in the number of days required for yolk 
formation, as summarized in Table 1. 

A report on the effects of oil on quail, chickens, and 
geese has been submitted for Dublication (Grou et al., 1976). 

Results of experiments with ouoil. In order to indicate whether 
ingested oil might influence egg formation and embryonic 
developmerit of birds such as seabirds and waterfowl, several 
experiments have been performed using the Japanese Quail as a 
pilot bird. · Four petroleum oils were fed at various levels and 
egg production and yolk structure were obs~rved •. The major port 
.of the subsequent work was done with the most toxic oil, a high 
vi$cosity Venezuela~ residual fuel oil. Bunker C. Yolk that 
was abnormal in structure and staining properties wo~ deposited 
during the 24-hour period following administration of c single 
capsule containing 200 ·mg of Bunker C oil. Fewer eggs were laid 
during the 4 days after dosing, as compared with controls, and 
hatchability was drastically reduced •. The results of these 
experiments are _presented in the attached Doriuscript by Grau, 
et· cl. (1977) and show·thot both egg production ond hot~hability 
returned to normal in a.few days. High doses of oil halted 
production entirely, but there was no mortality. 

A similar experiment with a Kuwait crude oil given os o 
single 800 mg dose resulted in slightly reduced egg production; 
h6tchability dipped and recovered in a pattern similar to:that caused by 
Bunker C, but did not fall below 62%. When Alaskan crude oils 
fxom Cook !~let and from Prudhoe Bay were fed at the 800 mg. 
level, egg production was affected in essentially the same way 
as 200 mg . Bunker C; the hatchability experiments hove not 
yet been completed. 

Results of·experiments with other seabirds. When in 1977 it was 
found that gulls and auklets regurgitated or passed in their feces 
at l~ast part of oil dosa9e, oil capsules (Bunker C) were fed to 
c(a:pt1ve Coffil!lon. Murres <~. aal¥e ). and Black-footed Albatrosses 

D1omedea n1gr1pes) to.exam1ne l:elr responses. These birds were 
hou~ed a~ the Internat1o:r:a1 B~:cd Hescue Research Center in Berkeley, 

-Cal1forn1a. Th~ murres 1mmed1ately regurgitated.some oil and 
P<:tssed the rem~under ~n the feces within a short time. The albatrosses 
~ld no~ regurg1tate 011 but rather took 8 or more hours to pass it 
1n the1r f~ces. · · 
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TABLE 1 

Time Required for the Rapid Phase of Yolk Formation in some Pacific Birds 

Number of 
SJ2ecies Ranse in Daxs Esss Examined 

Arctic Loon 
(Gavia arctica) 8-10? 1 

Red-throated Loon 
(Cavia stellata) 11-12? 2 

Canada Goose 
(Branta canadensis) 12-LJ 7 

Emperor Goose 
(Phi1acte canagica) 14 2 

White-fronted Goose 
(Anser albifrons) 11-14 8 

P'intail 
(Anas acuta) 8-9 7 

Greaterscaup 
(Aythya marila) 7-8 4 

Oldsquaw 
(Clangula hyemalis) 6-7 12 

Willow Ptarmigan 
(Lasopus !· alascensis) 7-8 7 

Ruddy Turnstone 
(Arenaria interpres) 5-6 4 

Bar-tailed Godwit 
(Limosa laJ2ponica) 8-12 8 

Western Sandpiper 
(Calidris mauri) 5-8 9 

Red Phalarope 
(Phalaro~s fu1icarius) 4-5 5 

Northern Phalarope 
(Lobipes lobatus) 6-7 7 

Glaucous Gull 
(Larus hyperboreus) 12 2 

Western. Gull 
(Larus occidentalis) 10-11 8 

Mew Gull 
(Larus canus) 5!"'8 6 

Sabine's Gull 
·{Xema sabini) 7-8 4 

Arctic Tern 
(Sterna Earadisaea) 6 2 

Pigeon Guillemot 
(Cepphus columba) 10 2 

Cassin's Auklet 
(Ptychoramphus aleutica) 8 4 

Lapland Longspur 
(Calcarius lapponicus) 2-3 7 

25 



Data Type 
{ie. Intertidal, 
Benthic Organisms, 
etc.) 

Fie1c Jata 

Laboratory.Data 

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

Data Products Schedule 

Estimated 
Volume 
{Volume of 
processed data) 

OCSEAP 
Format 
{If known) 

Processing and 
Formating done 
by PI 
{Yes or No) 

Collection 
Period Submission 

(Month/Year to Month/Year) {Month/Year) 

Narch 1978 - July 1978 

Kay 1978 - November 1978 

Nov 7E 

Nov te 



MILESTONE CHART 

RU #: 423 
~=--------------

PI: Ainley, Grau and Morrell 

Major Milestones: Reporting, data management and other significant · 
·"contractual requirements; periods of field vwrk; workshops; etc. 
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RFx41-423-730 

2 
st.P i9'i1 

David G. Ainley 
. Point Reyes Bird Observatory 

4990 State Route 1 
Stinson Beach, CA 94970 

Reference: R.U. 423 and Guidance letters RFx41-423-543 
RFx41-423:..659 

Dear Dr. Ainley: 

Your FY 78 renewal proposal, entitled "Influence of Petroleum on Egg 
Formation and Embryonic Development in Seabirds, .. and responses ·to 
guidance have been revieved in the Juneau Project Office. The original 
proposal together with the addenda contained in the guidance letters and 
your letters of August 3; 1977, and August 19, 1977 are now judged 
acceptable at the requested funding level of $32,993. He will instruct 
our Contracting Office to initiate~contracting procedures based on the 
above items •. Please note that the final funding commitment and level 
are contingent on approval of· the FY 78 OCSEAP budget by BLN. 

We look forward to your continued involvement in our program. 

Sincerely, 

Herbert E. Bruce 
Bering SeaGulf of Alaska Project r~anager 

cc: Program Office 
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Reference: RU #423 
Guidance letters: #RFx4l-423-543 

#RFx4l-423-659 

Dr. Herbert E. Bruce, Ph.D. 
Bering Sea - Gulf of Alaska Project Manager 
P.o. Box 1808 
Juneau, Alaska 99802 

Dear Dr. Bruce: 

August 19 ~ 1977 

We agree to the changes in our work statement as outlined in 

your 17 August letter (RFx4l-423-659). 

Sincerely yours, 

~!:~ 
Principal Investigat-or, RU 423 
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RFx41-423-659 

r·uG 1··· 1·91·· r•, i , f 

Dr. 0. G. Ainley 
Point Reyes Bird Observatory 
4990 State Rcute·l 
Stinson Beach, California 94970 

Reference: Research Unit #423 

FH: 'J.i7-586-7432 

Guidance letter #RFx41-423-543 

Dear Dr. Ainley: 

Shol! Environmental 

Your FY 78 renewal proposal entitled lilnfluence of Petroleum on Egg . 
Fonnation and Embryonic Development in Seabirds 11 and your letter responding 
to guidance have been reviewed in the Juneau Project Office. The following 
revisions are required before your \ttork statement can be sent to our 
contracting office for funding: 

1. The effects of ingested petroleum on the developr.ental embryology 
of incubated eggs wiJl be studied by a) staging of the dead embryos 
to' establish tiwe of death and b) examination of the gross morphology 
to determine cause of death. · 

2. No budget amendments to cover travel and per diem costs for trips 
to visit the Juneau Project Office at the request of that office 
are necessary. 

The final funding level and commitment are contingent on approval of the 
FY 78 OCSEAP budget by the Bureau of Land rjlanagernent. 

If you have any questions concerning any of the above guidance, please 
phone the Juneau Project Office, {907} 586-7436. 

Your letter agreeing to these changes~ or a revised \'/ork statement, must 
be sent to and·received in the Juneau Project Office, with a copy to 
Boulder no later than August 25, 1977. If there are extenuating circum
stances which prevent you from meeting this schedule, please phone the 
Project Office. The short deadline.is required to ensure continuous 
funding of your project in FY 78. 

Upon receipt of your work statement, revised in accordance with the 
above guidelines, we will initiate contracting procedures for FY 78. I 
look forYJard to your co~tinued involvement in our program. 

Sincerely, 

Herbert E. Bruce, Ph.D. 
Bering Sea - Gulf of Alaska Project Nanager 

~ Program Office 
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RFx41-423-543 (July 27, 1977) 

Dr. Herbert E. Bruce, Project Manager 
Bering Sea-~ulf of Alaska Project 
P. 0. Box 1808 
Juneau, AK 99802 

Dear Dr. Bruce: 

f··. 

August3, 1977 

We received your letter on the first and immediately 
· got in touch with Dr. Grau at Davis for the necessary 
answers to num.bers·l, 2, and 6. We shall be glad to 
comply with numbers 3 and 4. With reference to number 5, 
could we amend our budget to include travel and per diem 
for Dr. Grau and me to come to Juneau? If. by any chance. 
the appropriate person from your office would be in the 
San Francisco area between now and the end of December, 
we would be glad to meet with him there. 

The following should be added to our proposal: (the 
numbers refer to your requests); 

(1) Page 15, add after line 6. The analytical methods 
that will be applied to eggs laid by dosed and controlled 
auklets will probably be of two types: (1) those design·ed to 
identify and quantify components or metabolites of Bunker C 
or PBCO that may be dep3sited in eggs; and (2) those that may 
show the effects of oils on the composition of lipids and 
other normal components of eggs. 

Auklet eggs laid by Bunker C-dosed birds are being held 
in frozen storage until we are able to adapt methods from 
studies with quail to analyses of wild bird eggs. Eggs laid by 
quail dosed with 200 mg Bunker C were vacuum dried and extracted 
with isopentane. The extract was saponified with alcoholic 
potassium hydroxide and the non-saponifiable components taken 
up in isopentane. This solution was subjected directly to 

. gas chromatographic analysis, or the extract was cleaned u·p 
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Dr. Herbert E. Bruce August 3.~ 1877 

·with activated Florisil be~ore GC analysis, using Hewlett
Packard instruments~ gas capillary column co.ated with OV-3 
and ru11 at 60° to 250°. Extracts we.re al.so compared in a 

.Cary recording spectrophotometer at ultraviolet wave lengths 
down to 210 nanometers. 

This work is·still in progress, but-to date distinctive 
hydrocarbons have not y·et been idel)tified in these eggs. 
Possible protein-b.ol:md metabolites. were sought. by treating 
residual egg protein with HCl, extracting with isopentane. 
and obs.erving UV absorption. · No differences were found. 
Lipid composition of normal eggs' and those from Bunker, ·c
dosed quail have been studied-by comparison of the following: 
phopholipid fractionation by thin-layer chromatography; 
visi~le and UV absorption of acetone extracts and subsequent 
extracts from hexane:acetone, chloroform, and methanol; 
chloresterol determinations; fatty acid distributions of 
total lipids. Although we have not yet found differences 
between treated and control quail eggs, reproducible differ

. ences in isopentane solubilities and in responses to.acetone 
denaturation have been observed. These le~ds are being 
pursued. It is possible thqt the levels of Bunker C~sed 
for quail and auklets are too low to ·permit identification of 
components by presently available techniques. Biological 
responses may still be evaluated; however, by hatching success 
and other measures. ' 

(2) (Sampling Methods p. 14). The dose level for Bunker 
C (600 mg) is the same as the higher dose used in 1977 and . 
thus provides a comparison between 1978 and 1977. This.level 
did not result in any reduction in hatching success in 
auklets, possibly because of rapid passage.through the gut. 
In the artificial burrows to be constructed it will be possible 
to observe behavioral. effects from. the dose.· The PBCO dose 
is the maximum that can be given, in four capsules at one time. 
Results from our quail study show that approximately four times 

.as much Prudhoe Bay crude oil is required to give the: same 
egg production reduction effect as Bunker C. However, because 
it is not yet possible to translate direc·tly results from 
quail to auklets we propose to use the highest possible single 
dose, 1000 mg. We are afraid that multiple doses may be undul; 
harmful. · 

(6) (Add this to Section 12, p. 20). 

Techniques for Preparing Doses Based on 1977 Experiences 

Variation in individual dose weights distributed into the 
required three or four capsules will be less than one percent. 
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Dr. Herbert E. Bruce August 3, 1977 

The balance used will be Mettler Type HlS which is calibrated 
every six .months. Individual doses will be transported and 
stored on perforated cardboard sheets. Burrows will be 
identified by painted stakes and burJ;OW c9vers. The oils 
will be the A.P.I. reference Bunker C oil and a PBCO ob-
tained from NOAA/NMFS, Seattle. This is an Alaskan North 
Slope "Saderochit", from ARCO. Analytical quality assurance 
will be based upon standard laboratory procedure and in~trument 
checks using standard compound mixtures and comparisons of 
oils used with published data. The UV calibration will be 
based on known standards for hydrocarbons or other substances 
identified in the eggs produced, if such compounds are found. 
The toxic faction of Bunker C oil ·appears to contain non
volatile hydrocarbon components. Efforts to make volatile 
derivatives of these components for GC analysis are continuing. 
Most investigators currently use GC analysis for determining 
hydrocarbon· components of oils and biological samples. 

Should the toxic faction of Bunker C oil prove to be 
volatile after some chemical treatment, intercalibration 
with oth'er investigators will be pursued. · If new analytical 
techniques are required to identify and quantify this faction, 
standards for_ other investigators to use and follow may be 
established. Work_ is planned in collaboration with Dr. 
Jennings to measure this faction using liquid chromatography. 

Please let us know if you require further information. 
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UNIVERSITY OF WASHINGTON 
~EATTLE, WASHINGTON 98195 

TO: 

TYPE OF SUPPORT REQUESTED: 

TITLE OF PROJECT: 

PRINCIPAL INVESTIGATOR: 

AMOUNT REQUESTED: 

DESIRED PERIOD: 

UNIVERSITY OFFICE TO BE 
CONTACTED REGARDING GRANT 
OR CONTRACT NEGOTIATION: 

' 

DATE: 

OFFICIAL AUTHORIZED TO 
GIVE UNIVERSITYtt\PPROVAL: 

REF: . P77-38 

Outer Continental Shelf Energy Assessment 
Program 

Juneau Project Office 
P.O. Box 1808 
Juneau, Alaska 99802 

Contract 

"Lower Cook Inlet Heroplankton (RU 424) 11 

T. Saunders English, Associate Professor 
· Department of Oceanography, HB-10 
College of Arts and Sciences 
University of Washington 
Seattle, Washington ·98195. 

Telephone: area code 206, 543-5077 

$150,000 

1 October 1977 30 September 1978 

Grant and Contract Services 
1 Administration Building, AD-24 
University of Washington 
Seattle; Washington 98195 

Telephone: area code 206, 543-4043 

Principal Investigator 

Francis A. Richards 
Associate Chairman for Research 
Department of Oceanography 

Joe S. Creager, Associate Dean 
College of Arts & Sciences 

Donald R. Baldwin, Director 
Grant and Contract Services 
1 Administration Building, AD-24 

41 



TECHNICAL PROPOSAL 

I. 

II. 

Title: Lmver Cook Inlet Heroplankton 

Research Unit Number: RU(424) 

Contract Number: 03-5-022-67-TAB #4 

Proposed Dates of Contract: 

Principal Investigator: 

1 October 1977 to 30 September 1978 

.T. Saunders English 
Department of .Oceanography 
University of Hashington 

III. Cost of Proposal - Federal Fiscal Year 1978 

·Total $150,000 

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

IV. ·Background 

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 p~ovide 

important information for .. use in evaluating the sensitivity of 

areas that may be impacted by petroleum development. This lvork 

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 512, fishes 

and stomach analyses, birds, and coordinated with other relevant 

programs. 
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Technical Proposal (continued) 

V. 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: 

1. Describe the temporal dynamics of.the early.life 
history stages of important fishes, shrimps~ and 
crabs at specific sites. 

·2. Evaluate the timing and use of specific areas by 
critical life stages of fishes,· shrimps, and crabs .• 

3. Contribute to an initial description of the food \veb. 

These objectives are relevant 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 a~1d commercial harvests~ This informati9n 

will be useful in prediction and after-the-fact eval~ation of 

environmental effects and hazards of oil and gas development in 

Lower Cook Inlet. 

VI. General Strategy and Approach 

Field studies in Lower Cook Inlet during FY 78 will be 

more concentrated in area and \dll be directed toward 

determining the quantitative seasonal composition and density 

distribution of early life history stages of fishes, shrimps, and 

crabs.. The general strategy \vill be to conduct coordinated field 
/ 

sampling on a routine basis throughout the year with intensive 

sampling during the spring and summer to coincide with the expected 

increase in biological activity. The analysis and interpretation 

of the data collected during FY 76 and 77 will be coordinated with 

other biological research units undervmy to approach a comprehen

sive understanding of seasonal composition, distribution, and 

abundance of early life l1istory stages of fishes, shrimps) and 

crabs in Lower Cook Inlet. 
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The approach will include coordination with Research Units 

3, 5, 138, 341, and 417 to facilitate a synthesis of biological 

and environmental information~ 

VII. Sampling Hethods 

The temporal sampling schemeis to sample on a routine basis 

throughout the year, with more intense sampling during the spring 

and summer 'to coincide Hith the expected intensification of 

_biological activity. The spatial sampling scheme will include 

stations ih Kamishak Bay, Kachemak and the high energy area of Lo,~er 

Cook Inlet. It is understood that the exact temporal. scheme and 

spatial locations will be finalized during coordination meetings to 

be held during the period October to May by the Juneau Project 

Office. These meetings will involve coordination of research units 

, 29, 138, 162, 190, 229, 243, 275, 424, 425, 430, 481., and 512. The 

supporting rationale is to-facilitate coordination between the 

several Research Units active in the study area. 

The coordinated efforts will entail the use of standp.rdized 

sampling devices, probably the Bongo sampler and the }!iller net 

(1961). The nets will be deployed and its actions recorded in 

accord with standard-MARMAP methods (Smith, 1974}. Nets for the 

Bongo sampler Hill have mesh sizes of 0.333 and 0~505 mm. These 

methods result in a double-oblique haul '~ith an open net. The time 

is measured incrementally in conjunction '~ith '~ire length and '~ire 

angle so that a haul track can be computed. A current meter allows 

an estimate of the cubic meters of water filtered by the net, or 

duration of haul; ship speed, and distance travelled can be used to 

estimate the volume of a }!iller net sample. 

A major ·advantage of the Hiller net is that sample volumes 

are such that subsampling is not often required. \~e knm..r the 

sampling statistics of our several subsampling devices, which are 

wel~ below the variance of replicate samples from the field. 

Reference: Smith, Paul Edward. 1974. Hanual of Hethods for 
¥isheries Resource Survey and Appraisal, Part 4. Standard 
Techniques for Pelagic Fish Egg and Larva Surveys. Edited 
by Paul Edward Smith.· Draft Copy, August 1974. 
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Technical Proposal (continued) 

Reference: Miller, D. 1961. A modification of the small 
Hardy plankton samples for simultaneous high-speed 
plankton hauls. Bulletin of }furine Ecology~ 
5(4): 165-172. 

VIII. ·Analytical Nethods 

The methods of analysis to obtain densities of organisms 

per square meter and per cubic meter tvill be standard MARM.I\P 

methods •. The theoretical model for estimating the abundance of 

org~nisms was described by English (1964). A partially hierarchical 

analysis of variance model 'tvith fixed and random factors \vill allmv 

· estimation of abundance in three dimensions ..;vith time, with 

confidence interval estimates about mean annual abunda.nce and any 

other means of interest~ 

Reference: English, T. Saunders. 
for estimating the abundance 
Rapports et Proces-Verbaux. 
national pour !'Exploration 

IX. Anticipated Problems 

1964. A theoretical model 
of planktonic fish eggs. 
Conseil Permanent Inter-

de la Mer. 155: 174-182. 

None beyond the usual difficulties of a new program in a 

new area. 

X. Deliverable Products (see also Other Information, Section 5) 

·A. Digital Data 

1. Par.ameters 

File Type 
File Identifier 
Record Type 
Station Number 

·vessel Name 
Cruise Number 

Limits of Values 
Min Max 

024 024 
alphanumeric 
1 

alphanumeric 
alphanumeric 

6 

1 999999 
Cruise Dates 
Area/Project 
Investigator/Institution 
Geographic Position 
Date/Time 

750101 991231 
alphanumeric 
alphanumeric 

580000 626060 
750101 991231 

l~ater Depth 
Sample Interval 
Gear Characteristics (codes) 
Duration/Length of Haul 
Volume of l~ater (Filtered) 

45 

0001 2400 
0 1500 
0 1500 
1 99 

0.1 6 
1 10000 



Technical Proposal (continued) 

Sample Number 
NODC Taxonomic Code 
Life History (code) 
Size/Number of Subsample 
Concentration of Subsample 
Text 
Sequence Number 
Concentration Per Cubic 

:Heter 
Ship Speed (0.1 m/sec) 
Haul Type 

Limits of Values 
Min Max 

1 9999. 
6179 8857041902 

alphanumeric 
0.001 100 

0 99999 
alphanumeric 

1 99 

0 999999 
0 100 

alphanumeric 

All of these data fields will be used frequently~ rather 

than occasionally or seldom. The new NODC taxonomic code, 

released in Harch 1977, will be.tised for all FY 78 data 

submissions. 

2. Digital Products 

Processing and formatting of digital data into OCSEAP 

format wi.ll be done by the investigator. 

B. Narrative Reports 

We will provide special reports for synthesis meetings and 

other project purposes. 

C. Visual Data 

Our data will be submitted in repoFts. 

D. Other Non-Digital Data 

None 

E. Data Submission Schedule 

He expect to collect field data from Narch through September 

1978. Data will be submitted by 3-month data collection 

periods. 



Data Type 
(ie. Intertidal, 
Benthic Organisms, 
.etc.) 

Early Life 
. His tory Stages 

of Fishes, 
Shrimps and 
Crabs 

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

Cards 
Cards 
Cards 

Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

400 cards . 
600 cards 
600 cards 

OCSEAP 
Format 
(If known) 

024 
024 
024 

·Processing and 
Formating done 
by PI 
(Yes or No) 

Yes 
Yes 
Yes 

Collection 
Period · · Submission 

(Month/Year to Month/Year) (Month/Year) 

Jan 78 Har 78 Sep 78 
Apr 78 Jun 78 Dec 78 
Jul 78 Sep 78 Mar 79 



· Technical Proposal (continued) 

XI. Information Required from Other Investigators 

tve need a quantitative description of water movements 

of Lower Cook Inlet. Informal conversations with investigators 

in PMEL suggest that their efforts (such as buoy location) could 

be usefully directed to that purpose by the Juneau·Project Office. 

Our needs most probably fit into the overall needs of Lower Cook 

Inlet, so the sources and fate of water in the area should also be 

available to us. 

XIL Quality Assurance Plans 

This short synopsis of procedures \..rill be follmved by a full 

documentation during the first quarter of this contract year. 

The standard HAR.t1AP methods will continue to be the backbone 

of our program, as documented in Smith (1974). The quality 

assurance plans include both the field and laboratory aspects of 

our program. 

The quality assurance plans in the field center about the use 

of the standard Bongo array and our efforts to get a standardized, 

quantitative haul within acceptable limits of variation. The 

standard towing procedure has been described by Kramer, et al. 

(1972). The technician has standard record sheets to note time, 

depth, wire angle, speed, and other observations. The critical 

factors needed in later computations are the length of the tow 

path and the maximum depth of the tow.· The best procedure does 

not allm..r a NARMAP tm.; to exceed acceptable limits of speed, 

clogging, wire angle, and filtration per unit depth. lfuen the 

cruise plan allows, an unacceptable haul will be repeated. Spaces 

for initials by the responsible person help to maintain quality 

control at sea. 

The net washing, preservation, labelling, and storage are 

also conducted within limits recommended by HARMAP procedures. 

The 'ea~ches of small and large meshes can be compared to detect 

extrusion and other undesirable effects. 
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Technical Proposal (continued) 

The laboratory analysis also proceeds under recommended 

}~~p 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. Lm.;er skilled persons can make preliminary identi

fications, but final identifications, sizing, enumeration, ~nd 

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 .proof

reading. 

XIII. 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. 

XIV. Logistics Req~irements 

The strategy and approach offered to attain the stated. 

objectives.of RU 424 dictates logistic support of a field station' 
' ' and small boats continuously available. The field station 'tvill 

allow time series sampling adequately dense to describe temporal 

dynamics and the timing and use of specific ar.eas of critical 

early life history stages. The field station should accommodate 

2 scientists from RU 424 continuously and 3 occasionally. Iniskin 

Bay appears to be an appropriate location for 9 to 11 months each 

year; Homer or Seldovia might be a useful base for sampling during 

other months. 

A commercial type vessel 40 to 60 feet long tvill be adequate 

to allow sampling to continue on enough days to maintain an 

adequate time series. Such a sampling platform can handle the 

required nets. and weights, as well as obtain the required 
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LOGISTICS REQUIREMENTS 

Please fill in all spaces or indicate not applicable {H/A}. 
necessary. Bucs;at 1.-:.r::: i te:::s (:O~c!!rnh-:!J 1 r.Jgi sti c-:; s~:;t!1 d ~= 
described on these forms. 

Area of Oper~ticn ____ _ 

Use additional sheets as 
~.::~y~r! t'.l the reJr.'trl:lt: it<:rl 

PRINCIPAL INVESTIGATOR T. Saunders Englisn 

r ~· 
i~ " n 
H 

----:::--:-;-~-;:::;-;;~:;;=--'----------~--------------:--~- l J 
.:;_'\ .;-· -~S~n~· i:..;,P........:::.S':::..U ~p P:....:O~R~T:-:--:--:-:--::-:;--:;:-:=::-r:-:--:-=-::;-J":"::-:::-::-=~T:"::-:::=:=:.::---.::-:-:-...,-:-:::--=-::-:-=.:-::-~-.::-::;~~-::-::-:-::----'-!·~. 1, ·~ 

INSTITUTION University of Washington 

1.· Delineate· proposed tracks and/or sampling grids, by leg, on a chart of the area. j 1 

Include a list of proposed station geographic positions. .d 
See Figure 1 for general area. of operations from Iniskin Bay field station. 'j1 

· .i 
I I 

2. Describe types of observations to be made on tracks and/or at each grid station. 
1
• f 

Inc1ude a des~ription of shipboard sampling operations. Be as specific and co:n- : ·1 
prehensive as' ROssible. I ! 

s.tandard HARMAP type net hauls. t t 
3. ~/nat is the optimum time chronology of observations on a leg and seasonal b_asis 

and \vhat is the maximum allmvable departure from.these optimum times? (Key to· 
chart prerared under Item 1 \>rhen necessary for clarification;) 

Available continuously from March 78 onwards. J 
4. 

5. 

-Hm·1 many sea days are required .f9r each leg? (Assume vessel cruising speed of 
14 knots for NOAA vessels. Do not include running time from port to beginning 
point and from end point to por1; and do not include a weather factor.) 

. - .N/A 

Do you consider your investigation to be the principal one for the operation tl~1u-s--~ 
requiring other activities to piggyback or could you piggyback? 
We are the principal investigation. 

t :1 
J !. 
( f 
j ~ t •r 

It~~ I I 

'l! I I. 

: ~ 
·l·V, .~ 

1: 

Approximate 1y how many vessel hours per day \'/ill be required for your observations 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processing time betNeen stations. t?e can work 24 hours/day. -r~ 

L 

I 
i 
I 

I 
! 
! 

! 

\ve need no special time between stations. 

6. What equipment ~nd personnel would you expect the ship to provi~e? 

7. 

B. 

CJ 
~· 

See Attachment A. 

Wh~t is the approximate weight ~nd volume of equipment you will bring? 
300 pounds, 48 cubic feet. 
Will your data or equipment require special handling? No If yes, please 1 
describe: 

t~ifl j':Ju require any gasses and/or chemicals? Yes if yes, they shot:Jd be on 
board ~he ship prior to departure from Seattle or time allowed for shipment by 
barqe. Preservatives 

,,--1-0-.~Do yo~ have a ship preference, either NOAA or non-f~OA/\:.? Jf "yes .. p·le.as.e name the I 
I vessel and give the reasc,n for so specifying. 
:· 40-60 foot boat. 
;....il,..,l-.--;1--.1:=---y-o·-u- :--ecorn:liend the use of a non-NOAA vessel, what is the per sea di!.Y charter · 

l
i cost af!G b.Jve you ·veri-ified ·as availability We do not~now lvhether NOAA 

lvill purchase or charter the vessel \ve require. 
'f-=-:---:-c,----- -
;12. H'.l~·/ r.on..:' :J::op1e r.:ust you hew~ on honr~ for e::c~ 1eg?- .1~.::1vde a 

pants, ! :''"_ifically identifying any who are foreign nationals. 

2. No foreigners. 
50 
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Attachment A 

The boat must have an operator and should be equipped with 

commercial gear including a \vinch, Loran C, and recording fathometer. 

The rigging of the boat must be adequate to handle Bongo nets for a 

standard MARl-lAP haul • 
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RAGE 

Figure 1. Sampling area for meroplankton work in Lower 
Cook Inlet, 1978. 
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B.' 
1. 

t\I~C" \~ ~::?~~:.~~ ~- r~~·~?~ !·!l:~'; 

Deline:lt~ oroCJost":d fli<.!ht li:~- on .::t ch:11:::t: of tbc arc.1. I~dic.:;.tc desired flliht . . .. ,. -
.altitude on each line:. (Note: If flights ace for tr::ansportation only, chart 
suboission is not necessary but ocigln and destination points should be list~d) 

For transportation only: Homer. to Iniskin Bay field station. 
See Attachment B for justification. 

2. Desc=ibe type~ of observations to.be oade. 

N/A 

3. ~~nat is t:he optiG::.u;:z t"ioe chro~vlogy of observations on a seasonal ba.:>is and • .. .'nat 
is the ma:<iQl.l.o allot.~able departure frow these optiu.:i.lm .. ·t~imes'? (Key to chart 
prepared ~nder Ite~ 1 when necessary for clarification) 

\~eekly - 7-day variation. 

j 

--~----~--------------------------------------------------------·-----------------------------------. 4. Hot.; many days of flight operations are required end hot/ many flight hours pee day? 

5. 

6. 

Total flight hours? N/A 
Do yc.•J consider your investigation to the principal one for the flight thus 
precluding other activities or requiring other activities to piggyback or could 
you piggyback? 

N/A 

~ha~ types of special equip~ent.are required for the aircraft (non carry-on)? 

l-.'hC!).: are the \-Teights, dimensions, pm.-1er requirements, and installation problems 
unique to the specific equipment. 

N/A 

7. \.'h.J.t: ere the weights, dioensions and power requirements of carry-on ·equip:nenl:?. 

N/A 

8. Hhat type of aircraft is best suited for the purpose? 
Float plane. , 

9. Do you reco;;r::nend a source for the aircraft? 
If "yes" please name the source and the reason for your recommendation. 

N/A 

10. ~mut is the per hour charter cost of the aircraft? 

?? 
-------------·--------------------------------------~--------------------~-------------------------

11. Hm.-1 n:::.ny peot:Jle are required on baaed for each flight (e:,clusive of fligh::: cr:etl)? 

None to two. 

12. lJhece do yoLI -reco~end that flights be staged from? 

Homer 
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Attachment B 

The justification for the suggested use of a float plane is 

to transport personnel, mail, food, and supplies, as well as replace

ment pa-rts and equipment, into the camp. The plane \·muld remove 

personnel, samples, and data for shipment to home laboratories. The. 

suggested frequency is an informed guess about hO\v often a remote 

party of one vessel and three or more research units needs such contact. 

The guess makes assumptions about camp facilities that cannot be 

checked at this time; better storage and communications facilities could 

reduce the desirable frequency of flights •. 
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--------~~~----------~~~--~~~--~-----------~------·-----------.Q::'A::\.L'.::.-\5 .;..:~&) ::>o..l~i3 ~·.:.~'~i:: .:iui:'c'U.-<.T 
-------------

j). 

-L t•n..!.t are your requ·.iremants ror quatter.s .:1nd suo::>ist~ce in the .field-~lt:ea? 
(Th~::>e require!:!cnts should be proken clovn by (.:1) location,· (b) calendar ·p~dod, 
(c) nua:be;; of personnel per clay and towl nan days per p~riocl) 

We would like to have two scientists quartered in the Iniskin Bay field 

station continuously and a third on occasion from March through December .l-978. 

\ve would like to man the field station or· alternate ·,·'linter location (Homer, 

Seldovia?) for several years. Eatimated man days: 

Mar-Sep 78 p 450 

Sep-Dec 78 == 250 

Jan-Sep 79 ~ 600 

The scient'ists will provide their own ·food. 

2. Do you recommend a particular source for this support?. If 11yes" please name 
the source and the reason for your recommendation. 

N/A 

3 .. i.rtlat. is your esticated per man day cost for this support at each locntion? 

N/A 

How did you derive this figure, i.e.) ~hat portion represents quarters and.~hat 
portion represents subsistence and is the figure based- on established cm!"w":!<::rcial 
rates at the location or on estimated costs to establish and maintain a field 
~amp? 

N/A 
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-~---------· --- --------------·-·---s. Si~:::CL\!... LOGISTtCS Pi:\(13~2-IS 

I ---r. \-:: • .:3.~ sp~ci.J.l logistics prohlE:ms do you .::m:icip~ltC unJer yot.:::- propoS.:! L <:!.P.d r:o;l 
do you propose that the proble8s be solved? (Provide cost estimates and in
dicate whether you propos~ handling the proble2s yourself or whether you must 
depend on KOA.-\ to solve theu for you? 

We anticipate. that NOAA will establish and maintain the Iniskin Bay 

field station. We expect the scientists to be able to devote essentially 

all waking hours to collection of samples and rough processing. We would 

like to continue sampling throughout 12 months of- several· yearst so-'c.an 

alternative location (Homer, Seldovia ?) should be selected for the few 

winter months that the Iniskin Bay field station will not be manned. We 

have not budgeted for quarters and \vill depend on NOAA. The scientists 

will supply_ their own food. 

------· ----·. --··· 56 ----· --·- -
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Technical Proposal (continued) 

observations of speed, position, bottom depth, and net depth. 

A suite of three or four sizes of Boston whalers will allow a 

variety of other field observations to be made while the 

·Seiner is otherwise ~ngaged. 

XV. ~mnagement Plan 

This project will be managed by the Principal Investigator 

with the assistance· of the ~1anager of Administrative Services, 

Department of Oceanography, the University Office of Grant and 

Contract Services, and the Vice President for Research, 

University of Washington~ 

XVI. Outlook 

1. The final result at the first major plateau of accomplishment 

will be the initial stage of a theoretical oodel of ab~ndance 

of specified early life history stages for important species 

populations of fishes, shrimps, and crabs. 

The complex distribution in space and time encountered in 

estimating populations of planktonic eggs and larvae can·be 

treated with a partially hierarchical analysis of variance. 

Periods, areas, and depths of sampling can be considered to 

be fixed factors; cruises >vithin periods, :t-ocations \vithin 

areas and replications can be considered to be random factors. 

The confidence limits set for any mean can be used to estab

lish meaningful contour intervals for· depicting distributions. 

Procedures for allocating resources, choosing times ~nd 

places of sampling, and setting confidence limits about 

estimated annual production can be established. The approxi

mate cost of detecting specified· fluctuations in' egg abundance 

with a knowTI probability of error can be determined. 

2. S~gnificant milestones will be r~ached annually as successive 

population estimates are computed and the sampling resources 

al!ocated for the most effective program in the succeeding 
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Technical Proposal (continued) 

field season. Annually, the approximate cost of detecting 

specified fluctuations in egg and larval abundance with a 

known probability of error can be determined. 

At that time a basis will be laid so that the direction can 

be changed to emphasize the population dynamics of several 

of the most important and tractable species. 

3. Costs by fiscal year could increase in proportion to the 

sampling effort, possibly: 1979, .$200,000; 1980, $250,000; 

1981 and beyond, $300,000. 

4. No additional major equipment would be required. 

5. The location of future field efforts might be most effectively 

narrowed to one of the three to five representative sampling 

stations identified in FY 78. 

6. The logistics requirements of FY 78 \-;rould continue, scaled 

slightly up'tvard in proportion to sampling intensity. 

XVII. Additional Contract Provisions 

1. Updated Activity/Nilestone/Data Hanagement Charts \vill 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 'tvithin 90 days of the termina

tion of the contract. 

3. Where biota are concerned, all species and higher categories 

will be represented by the voucher specimens that \vill be 

preserved, labelled, held, and shipped to an official OCSEAP

designated repository in conformity with OCSEAP voucher 

s-pecimen policy. Vouchering \vill include life history stages 

(e.g., larvae, juveniles, adults) \vhen these are used, and 
I 

sexes where these are morphologically distinguishable. 
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Technical Proposal (continued) 

'l 

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 vithin 210 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 3-month data 

collecting effort, a ROSCOP data collection inventory form 

(NOAA 24-23) \.;rill be submitted to the Project Data Hanager. 

8. Title for all property purchased with OCSEAP funds remains 

with the U.S. Government pending disposition at contract 

termination. 

9. Three (3) copies of all publication O'f presentation manuscripts 

pertaining to technical or scientific ~ate~ial developed under 

OCS~ funds will be subm~tted to th~ ~pprop~iate Project Oftice 

at least sixty (60) days prior to,release for information and 

for forwarding to BLN. The release of such material vithin a 

period ofless than sixty (60) days shall be made only with 

prior ,.;rritten consent of the Project Office. News releases ,./ill 

first be cleared \Y'ith the appropriate Project Office. 

10. All publications and presentations of material developed under 

OCSEAP funds will acknowledge BLH/OCSEAP sponsorship. The 

following acknm.;rledgement is standard: 

"This study was supported by the. Bureau of Land 
Nanagement through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
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Technical Proposal (continued) 

under which a multi-year program responding to 
needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer 
Continental Shelf Environmental Assessment 
Program (OCSEAP) Office. 11 

11. The new NODC taxonomic code, released in March 1977, 1vill 

be used for all FY 78 data submissions. 
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MILESTONE CHART 

RU f!: 42lt PI: T. Saunders English 

Mnjor Milestones: Reportin~, data Monngcment and other significant 
contractual requirements; pe~iods of field work; workshops; etc. 

Ann~ysis .- Interpretation of 76-77 Data :t-t--t--+·-f---t--1~ 
)--.--------·--~---·----------1--+--t- .. --r---f--- --t--. t--t-t-w 

1 . I 
t- -~- t J -t--+--r--i--+~t--+--; --1 

. I . I v I 

1-------------------------~--~-:---'•·--1- --;- ---r--+-·f--1-~--'---l~ 

Data Processing I I J l 
1 

: 1 1 

~--------------------~~L __ -~ ---~~l-
Annual Report + ~ -~~-_1 I 

--S_,.p.,...r-in_g_D.;...a_t_a_Co_l_l_e_. c_t_i_o_n_P_e_r_i_o_d__;_ __________ t ~ .---~ JJ ~ J_ ---lli--+--t--..!.-l 

Quarterly ~eport 

Winter Data Collection Period 

J ~ I ~ l __ l ___ i ---- ·- :r-,:r-lTr--1__, 
~~-----------------1 ·--,1-1-1·-1-- I ,-T I I II il 

Submit Winter 78 Data (160 net hauls) 1 ~ 

J I - h,l ilT 
, ,-·i--1-, . ,-~-- -·- ---. ''ITIH,~·-

Final Report · . I ~ J 
~~~~-~~~~~-~.---~----- n~-

~~~~~~~; ~---.-1-l-.---- l I I I ~~~). 
~~~~~~~~~~~~~~~~,-!-,--!-!--~-,- ~ I I ~-r-

Quarterly Report 

Su~~er Data Collection Period 

Final Quarterly Report 



OTHER INFORMATION 

1. The general background of the proposer is in fisheries and 

biological oceanography. His wqrk experience includes freshwater 

hatcheries, farm ponds, lakes and streams; he has done biological 

oceaqographic research in the tropics, temperate waters, and in 

the North Polar Sea. The investigator has done similar work in 

OCSEAP in FY 1976 and has done related work in Puget Sound since 

1951. 

2. There is only one contract. 

3. 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 34%, 25% from OCSEAP funding and 9% from the 

University of \vashington. 

4. The personnel assigned for direct work on the project and -their 

major supervisory assignments, exclusive of hourly sorting helpers, 

are: 
T. English - principal investigator 
K. Daly - crab identification 
L. Legacie - fish identification 
D. Roetcisoender - shrimp identification 
M. Macaulay - data management, programming 
C. Pautzke - graphics, statistics, models 

This group 'tWrked together in the OCSEAP program since 1975. Resumes 

are attached. 

5. Expected products from this research activity include: 

a. Narrative· reports describing methods, spatial and temporal 

intensity of sampling, results, discussion, and conclusions. 

b. Dfg{tal data documenting quantitative results of this study 

submitted in OCSEAP format, File Type 024 - Zooplankton 02. 
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Other Information (continued) 

c. Maps identifying sampling sites. 

Charts (Examples 1 and 2) ,illustrating: 

(1) Seasonal density distributions and abundance of 

principal life stages for each major specles or 

species group. 

(2) The primary areas for retention of early life history 

stages •. 

Figures and tables illustrating: 

(1) Seasonal changes in species composition at each 

sampling site (Example 3). 

(2) Seasonal changes in density distribution of principal 

life stages by major species or species group at each 

sampling site (Example 4). 

(3) Changes in density distribution by species, by 

location, over time (Example 5). 

(4) Changes in density distribution$ by depth, by species, 

over seasons (Example 6). 

(5) Changes in density distribution, by life history stage, 

along sampling transect lines (Example 7). 
' ' 

(6) Changes in density distribution, by length, hy area, by 

depth (Example 8). 

(7} Changes in density distribution hy life history stage, 

by depth, by time (Example 9). 

(8) Changes in density distribution, by life history stage, 

by length, over time (Example 10). 

(9) Relative density distribution, by transect, by depth 

(Example 11) . 

(10) Relationship between confidence interval estimates, 

probability levels, and numbers of observations 

(Example 12). · 

(11) Contours of vmter properties over time and depth 

(Example 13). 
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UNIVERSITY 01•' \VASIIINGTON 
SEATTLE, WASHINGTON 98195 

/)c f'art lllrllf of Ocr(liiO!Jra f'hy 
Cablr Adrlrrss: U.Vlf:OIIJO 

Dr. Herbert Bruce 
OCSEAP b 

Juneau Project Office 
P.O. Box 1808 
Juneau, Alaska 99802 

Dear Dr. Bruce: 

22 September l977 

In response -to your letter of 15 September 1977, 

we understand the revisions you have requested concerning 

our FY 78 renewal proposal and we agree to these change~. 

Sincerely, 

() j /2 ~-/... / . . /~ _ _, 
/j,//L<-~ .· _/_) -L""~;ic--t:.;c;<-i;:·,..~~ ~ 

T. Saunders English 
Associate Professor 

TSE:cw 

cc: Dr. Rudolph J. Engelmann,~ 
Boulder Office 
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RFx41-424-754 

Or. T. Saunder English 
Dept. of Oceanography 
University of \•lashington 
Seattle, HA 93195 

Ref: R. U. 424 and 
1) P. I. -OCSEAP Neeti ng 16 June l977. 

- .. 
I ,.<._ ' •.. ,,; 

2) FY 78 Revised Proposal for R.U. 424, 20 June 1977 
3) OCSEAP FY 78 Guidance Letter dated 12 July 1977 
4) FY 78 Revised Proposal for R.U. 424 received 22 August 1977 

Dear Dr. English: 

Your FY 78 renewal proposal entitled 11Lower Cook Inlet r~eroplankton has 
been reviewed by the Juneau Project Office. The following additional 
revisions are required before your work statement can be sent to our 
Contracting Office for funding. 

lo The zooplankton remaining after sorting for ichthyoplankton, crab 
and shrimp larvae constitut~s archivable material and, as such, shall be 
saved pending advisement of deposition by OCSEAP. 

2. No winter sampling will take place in FY 78. All sampling schemes 
\'lill be designed during coordination meetings. 

3. All data submissions shall precede or b~ simultaneous with the 
final report. 

4. A new milestone chart will be constructed reflecting the preceding 
items and showing data processing separately for each collection period. 
This milestone chart will be submitted with the first quarterly report 
for FY 78o 

5. A detailed description for qu~., i ty contra 1 of data processing \·I ill 
also be submitted with the first quarterly reporto 

6. You must define the ranges of values actually expected for your 
digital data paramaters. Please note: Length of haul is measured in 

··terms of distance (m) not time (hrs. ) .. Gear codes have a present range 
of 1-10, size/number of subsample should be .1-1000. 'Concentration of 
subsamp1e& should read 'Number in Subsample•. A new listing of parameters 
and ranges of values should be submitted with the first quarte.rly report. 
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The final funding commitnent and level are contingent on approval of the 
FY 78 OCSEAP budget by the Bureau of Land t,1ar.agement. 

If you have questions concerning any of the above guidance, please phone 
the Juneau Pl~oject Office9 (907) 586-7436. 

Your letter agreeing to thses changes, or a revised work statement!> must 
be sent to and received in the Juneau Pl~oject Office, \-Jith a copy to 
Boulder no later than September 28~ 1977. If there ··are extenuating 
circumstances which prevent you from meeting this schedule, please phone 
the Project Office. The short deadline is required to ensure continuous 
funding of your project in FY 78. 

Upon receipt of your work statement or letter, revised in accordance 
with the above g~idelines, we will initiate contracting procedures for 
FY 78. I look for\'Jard to your continued involvement in our program. 

Sincerely, 

Herbert E. Bruce, Ph. D. 
Bering Sea-Gulf of Alaska Project Manager 

'-Cc: Program Office. 
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Title: Composition and Source Identification of Organic 
Detritus in Lower Cook Inlet 

Research Unit: #425 

Principal Investigator: Jerry D. Larrance 

Cost: $102,827 

Work Period: October 1, 1977 through September 30, 1978 

Institution: Pacific Marine Environmental Laboratory 
3711-15th Avenue N.E. 
Seattle, Washington 98105 

Date of Proposal: August 15, 1977 

Endorsements: 

Principal Investigator 

Director, PMEL 

Financial Officer, PMEL 
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C ... TECHNICAL PROPOSAL 

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

Research Unit: #425 

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

II. Principal Investigator: Jerry D. Larrance 

III. Cost of Proposal 

Total 

Lower Cook Inlet . 
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IV. BACKGROUND 

Offshore petroleum development in lower Cook Inlet will provide a potential 

source 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 pollu

tion are discussed in BLM (1976). 

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

rely on phytoplankton as food. Adults in the benthic community ultimately de

pend on organic production from phytoplankton and other plants. Phytoplankton 

grazed by zooplankton enters the detrital food web via fecal pellet deposition. 

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 absorbtion and adsorbtion; 

they subsequently sink directly or are sedimented in fecal pellets after. being 

ingested by zooplankton. Thus, ingestion and sorbtion act as precipitation 

mechanisms to transfer otherwise buoyant oil particles to the detrital food 

web (NOAA Special Report, 1977; Forrester 1971 in. NOAA; Conover, 1971). 

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 
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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 undoubtedly 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 photosynthesis can be 

decreased by 50 to 90 percent from lowered light levels and lowered cell divi

sion 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/t 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 rates 

in lower Cook Inlet range between 0.25 and 0·.50 gC/m2/day. The latter figures 
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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 can be explained in part 

by the water circulation, or lack of it, and by a strong pycnocline development 

in that region. A gyre tends to keep local water entrained 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 prevent pronounced local 

entrainment and stabilization of the water. 

Phytoplankton populations in such embayments and locally entrained waters 

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 productivity. 

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 phyto

plankton has distinctly variable components with respect to season, magnitude, 

and locale in lower Cook Inlet. 
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Phytoplankton is abundant in l.ower 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 rate that primary produced organic matter is con

tributed to the food web sustaining the benthic community; the respective con

tributions from the phytoplankton and macrophyte communities; the possible role 

to be played by phytoplankton in the removal of surface spilled oil and its sub

sequent sedimentation. It, therefore, becomes necessary to determine the verti

cal flux of organic detritus and to define its origin, composition, and 

seasonal variation. Accordingly, we propose to conduct an investigation which 

will elucidate the role of organic detritus in the lower Cook Inlet ecosystem. 

The specific objectives of the study and the general strategy to be used in 

meeting these objectives are discussed in detail below. 
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V-VI. OBJECTIVES, STRATEGY, AND APPROACH 

We will conduct a study of the vertical fluxes, distribution, and composition 

of the suspended organic particles contributed to the benthic food web of lower 

Cook Inlet. Specifically, our objectives are to: 

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

2. Determine the short-· and long-term vertical fluxes of organic par
ticles to. the bottom of special importance to the benthic community. 

3. Determine phytoplankton composition, standing stock, and productiv7' 
ity during the biologically active period of the year. 

4. Develop or adapt an experimental method for measuring the primary 
production of macrophytes. 

A field program consisting of sediment trap deployment, intensive water 

column sampling, and primary productivity measurements has been developed. to 

address the stated objectives. Four cruises are tentatively planned through 

the spring and summer of 1978 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 

differed f~om east to west across lower Cook Inlet ~s a partial function of vari-

able water column stability and light attenuation by suspended particulates. 

Therefore, a 3-station transect running east-west has been chosen to study the 

variable input of pelagic material to .the benthic communities of Cook Inlet. 

Stations will be occupied in Kachemak Bay, mid-channel, and Kamishak Bay. 

Sediment traps, moored near the bottom at all sampling sites, will be re

covered after several days to provide minimum estimates of the input rate and 

composition of suspended particles reaching the sea floor. Aliquots will be 

withdrawn from the sediment traps for the following analyses: 

· a. total particulate matter and total particulate carbon; 
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b. microscopic enumeration of major sedimented components including 
phytoplankton cells, zooplankton fecal pellets, macrophyte debris, 
etc.; 

c. plant pigments - chlorophyll a and pheopigments. 
. -

A chlorophyll budget will be d~rived to examine the contribution of the 

algal biomass to benthic communities. Pigment cooc:entrations in sediment traps, 

. can provide useful measures of total plant matter lost from the water column 
' while sediment traps were in place. 

Phytoplankton material can reach the sea floor in two important ways: 

a. cells may .sink directly 

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

. . 

Smayda (1970) reviewed the literature and reported highly variable sipking rates 
., . 

for phytoplankton cells (0-30 m dy-1) depenqing on cell buoyancy,· cell shape; 

abi'lity to swim 1n response to stimuli, and nutrient concentration'. Fecal 

pellets.sink at significantly iaster ratei (:100-200 m.dy- 1 ) and are, therefore, 

le$s apt to be advected from their area of pfoduction. 

Recent work (Shuman and Lorenzen, 1975) demonstr:ated that planktonic her

bivores 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 con

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

traps is a clue to the chlorophyll deposited by direct sinking of phytoplankton 

cells. This estimate is complicated by fecal pellets bearing nondegraded chloro-· 

phyll molecules. The bound chlorophyll can, however, be measured in the fecal 

material and accounted for. The direct chlorophyll measurement can then be 

added to the equivalent chlorophyll grazed (computed from pheopigments) to yield 

the total chlorophyll lost from the water column. In addition, the relative con

tribution of fecal pellet production (i.e., grazing) versus direct algal sinking 

cah be quantified. 
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The average chlorophyll content of the ambient water column will be 

determined 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 production in the euphotic zone represents a gain to total biomass. 

Chlorophyll synthesis may be calculated from carbon uptake experiments by apply

ing a carbon/chlorophyll ratio interpreted from field data. It may 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. 

Coupl~d with the sediment trap technique, a field sampling program-will be 

conducted to gather information from the ambient water columns. We propose to 

alternately occupy each sediment trap location at least once per day to sample 

for phytoplankton species, plant pigments, nutrients, solar insolation, primary 

productivity, total particulate matter, total particulate carbon, salinity, and 

temperature. These data will provide the necessary information for the chloro

phyll budget and will enable us to determine phytoplankton 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 biologi

cal 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. 

The experimental approach outlined above will identify the major components 

and sources of the organic detritus and quantify the short-term vertical inputs 
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of organic materi~l to the sea bottom. We are also concerned with total sedimen

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

of this research laboratory (OCSEAP Research Unit #152). He will deploy sediment 

traps for periods of 4-5 months each in lower Cook Inlet. We anticipate compar

ing 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. 

Extensive stands of macrophytes in lower Cook Inlet have been described by 

Lees and Rosenthal in the Bureau of Land Management, Final Environmental State

ment (1976). To the best of our knowledge no estimates have been made of st~nd

ing stock or primary productivity. From the descriptions of the extent of the 

stands the productivity and the organic input to the detrital food web must be 

of considerable magnitude. Standard methods can be employed to estimate macro

phyte standing stock and primary productivity and are described by Westlake and· 

Wetzel in Vollenweider (1971) and in UNESCO (1973). Existing techniques wiTl be 

reviewed and evaluated as to their suitability in the lower Cook Inlet environ

ment, and recommendations will be made for possible future studies. 
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VII-VIII. SAMPLING AND ANALYTICAL METHODS 

Station sampling will begin following deployment of sediment trap moorings. 

Routine CTD-rosette casts will be made to obtain temperature and salinity pro-

files. Water samples will be collected from several depths with 5-liter PVC 

Niskin bottles. Aliquots withdrawn from these samplers will be used to measure 

various biological and chemical parameters. Subsamples for phytoplankton species 

determination will be preserved in acetate buffered formalin and returned to the 

laboratory for analysis by inverted microscope techniques (Lund, Kipling and 

LeCren, 1958). Plant pigments will be analyzed aboard ship using fluorometric 

methods (Lorenzen, 1966). Seawater samples for determination of dissolved inor-

ganic nutrients will be 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 will be conducted 

using standard carbon-14 methodology (Strickland and Parsons, 1972). Total par

ticulate matter will be measured by filtering subsamples through preweighed 

47 mm 0.4 ~m Nuclepore filters. The filters will be washed with de-ionized 

water, dried in a dessicator, and reweighed in the laboratory. Total particulate 

carbon will be determined by filtering through precombusted silver filters. ·Fil

ters will be 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 each cruise, sunlight will be continuously monitored with 

a Lamda Instruments quantum sensor sensitive to light in the photosynthetically 

active region (approx. 400-680 nm). 

Material recovered from sediment traps will be collected for analysis of 

plant pigment content, total particulates, total particulate carbon, and micro

scopic inspection using methods adapted from those described previously. 
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IX. ANTICIPATED PROBLEMS 

No major obstacles are anticipated for the program as outlined above. 

However, the emplacement, recovery, and overall performance of sediment traps 

is more easily relied upon in areas of decreased current velocity. To the extent 

possible we will sample during neap tide period,s to ameliora.te any potential 

problems. We request the Project Office to schedule vessels for purposes of this 

study as close to neap tide periods as possible during April., May, June, and July 

of 1978. Preferred dates are stated in the "logistic" section of this proposal. 

X. DELIVERABLE PRODUCTS 

Results of field sampling will be presented in digital form on IBM punch 

cards and submitted to EDS in accordance with currently existing.OCSEAP data 

formats (028, 029). 

Quarterly and annual narrative reports will be submitted according to pre

arranged schedules. Reports will include table·s and graphs depicting relation

ships and distributions of various parameters~ Concise reporting necessitates 

that only findings most relevant to the stated objectives will pe displayed 

graphically. 

Data from field studies will be submitted according to the following 

schedule: 

Sampling Period 

4/78 
5/78 
6/78 
7/78 
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XI. INFORMATION REQUIRED OF OTHER INVESTIGATORS 

The organic detritus program will operate in close cooperation with 

Drs. Richard Feely and Joel Cline (OCSEAP Research Unit #152) to obtain long-

term estimates of vertical fluxes in lower Cook Inlet. We also need detailed 

descriptions of circulation patterns and current velocities from physical 

oceanographic observations of the study area. In addition, the results of. 

Dennis Lees• (OCSEAP Research Unit #417) macrophyte surveys are necessary to 

assess their potential importance to total detrital input. 

XII. QUALITY ASSURANCE PLANS 

Fluorometers will be calibrated in the laboratory using acetone extracts 

of plant pigments prepared from log-phase phytoplankton cultures and natural 

surface populations. Extracts will be standardized with a Beckman DU spectro

photometer. 

Carbon-14 samples will be counted with a Packard liquid scintillation 

counter calibrated with radioactive standards supplied by Packard Instruments, 
~. 

Inc. 

Nutrient analyses will be conducted at the University of Washington using 

proper blanks and standards to assure quality results. 

We will be working closely with Research Unit #152 within our laboratory 

to analyze total particulate matter and total particulate carbon. Intercalibra

tions will be made for those analyses jointly performed. 

XIII. ARCHIVAL PLANS 

We presently do not have plans to archive any samples. 
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XIV. LOGISTICS REQUIREMENTS 

A. SHIP SUPPORT ' 

1. Exact station locations cannot be delineated at this time. One 
station each will be sampled in outer Kachemak Bay~ midchannel 
lower Cook. Inlet,- and the Kamishak Bay reg·ion.-

2. We will deploy sediment traps to the bottom at each station at 
the beginning of each cruise and recover them at the end of each 
cruise. Between times we will sample the water column at each 
station with the CTD-Rosette approximately once a day. 

3. Cruises will be made once a month commencing in April and termi
nating after July. They will coincide with neap tides as closely 
as possible. 

Cruise No. 

1 
2 
3 
4 

Dates 1978 

April 14-April 19 
May 13-May 18 
June 12-June 17 
July 11-July 16 

Deviation from this schedule may complicate the interpretation 
of results. 

4. Six days of sea,time will be required per cruise. 

5. Our investigation will be principal to the operation. Our 
schedule includes 24-hr. a day sampling; on station time will 
be about 1 hr./station. Deployment and recovery of sediment 
traps may take longer~ and should be done during daylight. 

' 6. Equipment required: CTD-Rosette with ten 5 t Niskin bottles. 
We will require ship personnel for deploying the CTD-Rosette, 
CTD calibration, and sediment trap deployment and retrievfng. 
A deep chest freezer will be required for storing nutrient 
samples. · 

7. We will bring 2000 lbs. and 200 cubic feet of gear plus 3 
moorings for sediment traps. · 

8. Ordinary precautions. 

9. No. 

10. We require the DISCOVERER for two reasons: (1) adequate 
laboratory space and (2) stability while deploying sediment 
traps. We anticipate using railroad wheels for anchors. 

11. N/ A. 
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12. 

13. 

We anticipate 6 people per trip. Jerry Larrance, Alex Chester, 
and David Tennant will participate. in field work. 

We will require overnight quarters for one or two nights once a 
month for 6 people/visit~ 

(a) Presumbably Kodiak Coast Guard Station BOQ 
(b) once/mo., April-July 1978 
(c) 6 people/day. 

14. Above quarters and subsistence will be paid by principal investi
gator with funds requested by this propo·sal. 

15. Estimated costs per man per day: 
\ 

Quarters 
Meals 

$ 8.00 
22.00 

Total $30.00 

16. We anticipate the need of warehouse space at Gibson Cove in 
Kodiak for storage and staging between, prior to and after cruises. 
We will need about 300 cubic feet of space. · 

We suggest that the OD as well as the liaison officer retain a 
key to the warehouse. Accessibility to our gear has been a prob
lem in the past. 

XV. MANAGEMENT PLAN 

The organic detritus prograTI) for lower Cool< Inlet will be directly super

vised by Jerry D. Larrance. He is responsible for development of the field 
. . 

program, proper analysis of samples,· submission and content of all scientific 

reports, and coordination between other research groups. 
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XVI. OUTLOOK 

The first year's activities will stress identification of major components 

and sources or organic detritus in critical areas of lower Cook Inlet. Quanti

fying the input processes and relating these processes to production and bio

mass conditions is also a goal. 

It is anticipated that additional field studies will be needed to further 

examine the nature of organic sedimentation and its role as a transport vehicle 

for sorbed hydrocarbons. Specifically, total organic particulate concentrations 

change from spring bloom to summer conditions. As this occurs~ the relative 

contribution of fecal pellet versus direct algal sinking may also change. The 

rate of pollutant input as well as the final concentrations in bottom sediments 

will be affected by the resulting interplay since the fecal input operates more 

quickly and is less diluted by advective processes. Our preliminary work will 

also surely suggest other areas needing consideration. For example, our results 

may necessitate more intensive studies of macrophyte productivity and biomass in 

the region. 

Another approach which should be explored which may help to identify 

sources of particulate matter, is to analyze isotopic ratios of carbon and nitro

gen. Relative concentrations of 12c and 13C and of 14N and 1 5N have been found 

to differ significantly in particulate matter of terrestrial and marine origin. 

It is likely that such ratios in lower Cook Inlet will differ seasonally and 

regionally within the Inlet according to circulation and biological production. 

In addition to identifying the sources of suspended particles (terrestrial or 

marine), the isotopic ratios in zooplankton and filter- or deposit-feeding 

benthos may provide clues about the nrigin of their respectiVe food supplies. 
~ 

Whether or not additional projects are supported, we can estimate that, 

because of tentative field program schedul~s~ an additional $50 K funding in FY 7~ 

will be required to complete analysis and reporting of data collected ih FY 78. 
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XVII. CONTRACT TERMS 

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

2. Quarterly reports wi~l be submitted in sufficient time during the . 
contract year to be _1n OCSEAP hands by the first day of January, 
July, and October, annual r~ports by April 1. The Final Report will 
be submitted within 90 days of the termination of the contract. 

3. Where biota are concerned, all species and higher categories will be 
represented by the voucher specimens that will be preserved, labelled, 
held, and shipped to an official OCSEAP-designated repository in 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 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 Pro
ject 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 re
quirements (see par. 2). 

7. Within 10 days of the completion of a cruise or data gathering effort, 
a ROSCOP data collection inventory form (NOAA 24-23) will be 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 termination. 

9. Three copies of.all publication or presentation manuscripts pertain
ing to technical or scientific material developed ~nder OCSEAP funds 
will be submitted to the appropriate Project Office at least 60 days 
pri.or 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 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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II. 

TECHNICAL PROPOSAL 

Title: 

Ice-Edge Ecosystem Study: Primary Productivity, Nutrient 
Cycling, and Organic Matter Transfer 
Rese~rch Unit #R.U. 427 
Contract #03-5-022-56 

Co-Principal Investigators: 

Dr. Vera Alexander; IMS 
Dr. R. Ted Cooney; IMS 

III. Cost of Proposal 
(by federal fiscal year) 
FY 78 

Total 175,537 
Distribution of effort 
by lease area: 
100% Saint George's Basin 

IV. Background: 

The phytoplankton and zooplankton ice-edge s'tudies have now completed 
three field seasons in the southeastern Bering Sea, with emphasis 
on describing biological phenomena associated with the dissipating 
and receeding ice-edge zone. Detailed surveys of the distributions 
of plants, animals, and major nutrients have been made along with 
standard hydrographic measurements to determine the relationship 
between the physiqal structure of the water coiumn, the nature of the 
ice, and observed biological activity. This work has special signifi
cance since the edge zone of the seasonal pack annually attracts large 
numbers of sea birds and mammals. This unique oceanographic region is 
intensely productive at lower trophic levels_ during the spring which 
in turn influences the continuing survival of higher order consumers 
occurring on or in the ice, and in the water column or on the seabed 
below the ice. The degree to which the system might be perturbed by 
offshore hydrocarbon development is being evaluated by describing the 
major biological components, their interactions, their dependencies 
on the chemical-physical environment, and aspects of their life his
tories which determine their participation and/or duration in the 
phytoplankton and zooplankton communities. This work is being guided 
by a computer simulation model which is presently being developed and 
tested. Weknow that the process of organic matter (carbon) transfer 
is an exceedingly complex one, and dependent not only upon the kinds 
and amounts of plant cells present at any time, but-also on the kinds 
and numbers of-"pelagic grazers" available to utilize these cells. 
This trophic interaction is further modified annually by differing 
weather patterns and periodic shifts in hydrography which alter the 
timing and sequencing of important seasonal events. Our experime~tal 
modelling-efforts are directed at sorting out the dominant lower 
trophic level signals from the background noise of natural annual 
variability. 

102 

l 
I 

I 

I 



We now-have on hand data which support an hypothesis concerning the 
factbrs co~trolling phytoplankton production during the spring and 
early summer. The effectivenes.s of organic matter transfer, or· how 
closely coupled the system is, depends on grazing pressure and · 
nutrient availability modified by the light regime. Loss of phyto
plankton cells to the benthos as detritus (uncoupled system) appears 
to be very significant at some times during the .growth season. 

We believe that an understanding of the nature _(both temporal and 
spatial) of critical consumer dependencies and factors controlling 
organic matter synthesis will provide a means for predicting the 
most likely effects of rnan-.induced environmental perturbations. 

V. Objectives: 

1. Assess ~he significance of the ice-edge region in the 
productivity of the lease areas by studying the dynamics 
and mechanisms regulating the phytoplankton populations. 

2. Determine temporal and spatial density distributions and 
environmental requirements of the principal species of · 
zooplankton, rnicronekton and ichthyoplankton associated 
with the ice-edge region. (Much of this work has bee.n 
completed in the field, and most of the effort will re
late to data analysis.) 

3. Identify sensitive ecological parameters and information 
gaps by using a simulation model that represents the lower 
trophic components and dynamics of the ice-edge region 
(con~inuing emphasis) • 

We see our information as contributing some part to the overall under
standing of the dynamics of the ice-edge ecosystem. Coupled with 
descriptions detailing trophic dependencies at higher levels (fishes, 
birds, and mammals) the significance of the edge-zone· as "critical 
habitat" can be ascertained and appropriate decisions made concerning 
leasing schedules and development stratagems. 

The work proposed here will be carried out on data principally avail- . 
able from St. George's Basin (continuing analysis effort). 

VI. General Strategy and Approach: 

The field work planned for this corning spring and early summer was to 
have stressed the measurement of organic matter transfer betweem phyto
plankton producers and zooplankton grazers. This work was needed 
to complete the planned field work for the .modelling and 'final synthesis 
effort. Because this important aspect o"f the study must now be el 
rninateq, we have revised the overall aims o;f the project. Phyto
plankton and zooplankton populations will be handled individually but 
since the. d·etails of transfer will not be available the work will . 
emphasize completing all sample processing from the FY 77 work, carry
ing the synthesis and modelling to its maximum potential within the 
constraints of currently available information. 
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VIII. Analytical Methods: 

Fundamental statistical analyses will be executed by means of numerous 
programs previously developed by, or supplied to, the University of 
Alaska Computer Network (UACN) for the Honeywell Series 60 (level 66)/ 
6000 computer. Numerical data sets will be analyzed using a mixed 
hierarchical model of the analysis of variance (Kirk, 1968; Winer, 1971) 
to test hypotheses and to provide measures of precision. The Ullrich
Pitz Analysis of Variq.nce Program (Ullrich and Pitz, 1976) has been 
sufficiently modified and updated (Geist, 1977) to run on the Honeywell 
66/40 and will provide maximal power for the analysis of variance of the 
relatively large data sets which are currently anticipated. Chi-square 
values, determinants, F-max values, F ratios, means, mean squares, sums 
of squares, transformations, variances, variances-covariance matrices, 
and exact probability levels represent standard output parameters. Co
efficients of correlation will be determined· for many of the variables 
of the numerical data sets in order to more closely establish and 
estimate the degree of association or interdependence between selected 
parameters (Sakal and Rohlf, 1969). Post hoc statistical analyses will 
consist of chi-square values, confidence intervals for differences be
tween means, confidence limits, Scheffe's test for multiple comparisons, 
c-tests for differences between means, and, importantly, trend analyses 
of the cubic, linear, and quadratic components using orthogonal poly
nomials where applicable. Statistical computer programs, the University 
of California Los Angeles Biomedical Computer Programs and the Statisti
cal Package for the Social Sciences, exist to facilitate most a priori 
and post hoc analyses {Dixon, 1974~ Nie et al., 1975). The techniques 
of cluster analysis will be employed to examine the anticipated large 
sets of multivariate.observations and parameters by partitioning into 
disjoint clusters of observations that are in some sense dissimilar 
from one another. Two Fortran IV cluster analysis programs have recently 
been modified and updated to run on the Honeywell 66/40 (Geist, 1977) ~ 
MIKCA: Multivariate Iterative K-Means Cluster Analysis (McRae, 1970) 
and TAXMAP: The TAXMAP Classification Program (Carmichael, 1974). 
Factor analytical techniques may be employed in a similar fashion to 
that of cluster analysis (Dixon, 1974; Honeywell, 1974). 

The dynamics describing the interactions between the various "important" 
plant food species anq specific grazers will be modelled temporally for 
typical ice-edge regimes. This simulation will involve the major 
driving functions (light, stability, nutrients, plant cell composition 
and grazer constituency) which seemingly govern the rate· at which 
organic matter is passed from the synthesizers to the first order con
sumers. We expect the rate to vary seasonally and with the composition 
of the plankton community (both plant and animal) present at any parti
cular time. Since the ipe-edge traverses a wide variety of environ
ments from the shelf break in the southern Bering Sea to the shallow 
Chukchi Sea in the north, the degree to which the grazing is coupled 
to production may differ greatly. Also, because the open water over 
the shelf may bloom independently of the ice-edge regime it will be 
necessary to monitor this phenomena along standard transects coming 
and going from each experimental location so that the interaction· of 
these events may be discerned. 
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IX. Anticipated Problems: 

None (as revised) . 

X. Deliverable Products (Requested Inventories) 

A. The Plankton Simulation Model: 

A phytoplankton submodel, currently under development with 
the assistance of Dr. K. Green will be fundamentally com
pleted by December, 1977. This formulation will describe 
seasonally dependent rates of synthesis as a function of 
ntitrient availability, light, and other environmental 
factors • 

. Since coupling with the grazing co~unity was dependent up
on field studies planned for FY:78, a strictly integrated 
plankton model will not be possible. However, we expect 
to use some acceptable generalities to compute first-order. 
estimates of grazing pressure associated with our measures 
of animal plankton and micronekton standing stocks. These 
efforts will utilize literature values of "minimal ration" 
per unit of grazing biomass needed to meet basic metabolic 
requirements at the temperatures encounted by the micro
consumer groups in the study area~ 

Dr. Geist will be responsible for further developing our 
computer simulation. 

B. Sample Inventories: 

1. Phytoplankton 

There are still 258 phytoplankton samples from the 
1977 crui~es as follows: 

Surveyor II 
Surveyor III 
Discoverer VI 

87 
97 
74 

These will be counted during the fall, 1977 and will 
be available for synthesis and modelling by mid-winter. 
All other samples from 1977 cruises have been analysed. 
The riutrients have been completed and are currently 
being calculated and tabulated as follows: 

Surveyor II 
Surveyor III 
Discoverer VI 
UHlH Helo 

132 
117 
168 

16 

All other basic measurements are on hand but as yet 
not completely analysed or synthesized. 
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VII. Primary production simulation model -

Analysis of phytoplankton population structure 
relating seasonal and spatial' distributions to . 
environmental factors; preliminary evaluation of 
grazing pressure 

VIII.The role of physical qceanographic parameters 

IX. An evaluation of the vulnerability of plank
tonic populations of St. George's Basin 
with special refer~nce to seasonal and 
spatial considerations. 

X. Conclusions 

XI. Recommendations 

XII. Citations 

X~II.Acknowledgrnents 

XIV. Appendices 

A. Bibliography of North Pacific studies 
of lower trophic levels 

B. Other tabulations as appropriate. 
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2. Zooplankton 

All samples from previous cruises have been processed 
with the exception of the last Norton Sound/Chukchi 
survey (Surveyor) June 27-July 7, 1977. These 
include the following: 

1-m net vertical 
1/2-m net horizontal 
Bongo-net double oblique 

55 
8 
3 

All other samples have been processed and will be 
used in the descriptions of the dynamics of the 
animal plankton and micronekton communities at the 
ice-edge. Those samples obtained in or near the 
ice in 1976 will also be used' in the analysis even 
though a preliminary synthesis of this information 
is available as last year's annual report. 

I estimate that $5,000, in addition to Sorting Center Service monies 
being requested in this proposal to cover sample recounts, will. be 
necessary to process and report the 1977 Norton Sound/Chukchi data 
presently in inventory. This added expense will cover approximately 
1,000 man-hours of part-time sample sorting, identification, recording 
and preparation for keypunching of this material. The work will be 
supervised by salaried personnel presently in budget (i.e., Ms. 
Wagner, Mr. Coyle). 

c. Tentative Final Report - Table of Contents: 

I. ·Introduction 

Background 

Objectives of study 

II. Phytoplankton populations 

Composition, distribution, seasonal cycles, re
lationship to ice-edge 

III. Primary production 

Rates, seasonal distribution, relationship to 
ice-edge, chlorophyll biomass 

IV. Nutrient availability relationship to phytoplankton 
populations and primary production 

V. Zooplankton populations 

Composition, distribution, seasonal cycles, re
lationship to ice.:..edge 

VI. Organic matter transfer 
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0 
\0 

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

Zooplankton and 
micronekton 
species a1:d 
abundance 

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

tape 

Data Products Schedule* 

Estimated 
Volume 
(Volume of 
Processed 
data) 

82 

OCSEAP 
Format 
(If 
known) 

024 

Processing ·and 
Formating done· 
by PI 
(Yes or No) 

Yes 

Collection 
Period 
(Month/year 
to Month/ 
Year 

1 Provided funds·are made available.to process these samples. (See Section X b) 

Submission 
(Month/ 
Year 

See Sect.:..,.n 
XVII, 1 :1 
6 

* 
- I . . , 

All other data, collected in 1977 field season, including zooplankton, primary productivity, 
phytoplankton and CTO, will._be submitted according to the D.M.P. and schedu'le recently 
negotiated by the Upiversity of A~aska and the Contract Data Manager. 



XII. Quality Assurance Plans: 

Data processing proceedures will be monitored with appropriate 
experiments to describe the nature and magnitude of error in
troduced by the methodology employed. Precision and accuracy of 
measures will be evaluated by replicated observations of a 
frequency to be determined by the investigators. 

XIII. Special Sample and Voucher Specimen Archival Plans: 

This office has agreed and continues to agree to negotiate a rea
sonable 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 agreeable solution. 

XIV. Logistic Requirements: 

None (as revised) 

XIV. Information Required from Other Investigators: 

Additional infbrmation will be solicited 1rom OCS investigators study
ing physical, chemical, and 6ther biological sectors of the Bering 
Sea environment as needed in the preparation of the final report. 

xv·. ~.fanagement Plan: 

Technical management for the task orders ~tipported 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 Ala~k~ 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 p6licy and c6nsistent 
with other university duties of the principal investigat~r. Funds for 
·travel are labeled "Administrative Travel II in the R. u. 350 proposal. 

XVI. Future outlook: 

We are disappointed that funding difficulties have curtailed our 
field operations at a juncture in the study that was to have tied 
the synthesizer and. consumer groups together. It is our opinion 
that such work should be implemented as Soon as possible in the Bering 
Sea when fund{ng is resumed. 

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

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

4. See Section XV of this proposal. The University of Alaska 
agrees that the principal investigators can travel .to the 
Project Office at least twice during the contract year, 
provided that such travel is in accordance with University 
of Alaska travel policy and cqnsistent 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 Manage
ment Plans for each of the tasks falling under the juris
diction of this office. 

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

7. Within 10 days of the completion of a cruise or d~ta gather
ing 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 the.base contract with which we 
shall comply. 

9. Three copies of all publications or presentation abstract~ 
or manuscripts pertaining to technical or scientific m~terial 
developed under OCSEAP funding will be submitted to the COTR 
60 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, Depart
ment of Commerce through the Other Continental Shelf 
Environmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Depart-· 
ment of Interior." 
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NPT'ONAL OCEANIC AND ATMOSPHERIC A,..'~INISTRATiON 

December 30, 1977 

Dr. Vera Alexander 
Institute of ~!arine Science 
University of Alaska 
Fairbanks • AK 99701 

Reference: C~mtract 0.3-5-022-56, 'I;. 0. Ill, R!Jf/427 

Dear Dr. Alex~der: 

I am pleased to notify you that your FY78 proposal as revised, entitled 
"Ice-Edge Ecosystem Study: Primary Productivity, Nutrient Cycling and 
Organic Matter Transfern, University of Alaska proposal number OCS 78-9, 
dated October 31, 1977, has been recommended to me for funding in the 
amount of $175,537, of which $43,750 has already been funded." oUr 
Contracting Clerk, Kay Jentsch, will" initiate contracting procedur"es as 
soon as possible for the remaining $131,787 and also the $5~000, which 
has been approved for analyzing the 66 zooplankton samples collected 
during FY77 in the Norton/Chukchi, under RDU426, as indicated in the 
memo dated 12-2-77 from Herb :Bruce to myself. We are also notifying the 
~uneau Project Office and your institution business office by copy of 
this letter. The contract period will be from October 1, 1977-through 
September 30, 1978 •. If y.ou have any funding questions 9 please call Kay 
Jentsch, 303-499-1000, ext. 6562, FTS 323-6562. · Technical or scientific 
questions should be referred to you~ project office. 

r thank you for your contributions to the OCSEA Program and look forward 
to another year of cooperative effort. 

Sincerely, 

Rudolf J. Engelmann, Director 
Outer Continental Shelf Environmental 

Assessment Program Office 

cc: R •. Ted Cooney 
Ray Hadley 
Juneau Project Office 

bee: RUi/427 
RU/1426 
read file 
Jentsch 

FILE COPY 

CODE 
SURNAME 
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RFx41-427-989 

U.S. DEPARTMENT OF COMMERCE 
National' Oceanic and Atmospheric Administration 
ENViRONMENTAL RESEARCH LABORATORIES 

Date: D'c:.~ r.. 'dl7 

To 

From: 

Subj: 

Rudy Engelmann, Director 
OCS.E~P ·Jl a~·~ill Program Office, Boulder 
c/1 I • I\ •.\ 1-. . ,. .1 "f""'·' ,':, ·'i :I ·i ~f--''-·s,l..-~"}'\..J_.--._. ""' . 
H~tkrt 1!f:': 'Bruce, Project Hanager 
OCSEAP, Juneau Project Office 

OCSEAP Research Unit 427 

Required Acceptance Letter for R.U. 427, Drs. Alexander and Cooney 

The enclosed revised FY 78 renewal proposal for R.U. 427, entitled 11 lce

Edge Ecosystem study: Primary Productivity, Nutrient Cycling and Organic 

Matter Transfer 11
, has been reviewed by the Juneau Projec~ Office and 

judged acceptable at the funding level of $175,537. In addition, the 

supplementary funds of $5,000 required to analyze the 66 zooplan~ton 

samples collected during FY 77 in the Norton/Chukchi region under R.U. 

426 (reference Page 8, i tern 2 of the proposa 1) wi 11 be provided from the 

Project Office budget for FY 78. Please send an acceptance letter to 

Drs. Alexander and Cooney and initiate contracting procedures based on 

the revised proposal for $180,537 with $175,537 from the Boulder Program 

Office and $5,000 from the Juneau Project Office (R7120610). 

Enclosure: (1) Revised Proposal 
(2) RFP letter 
(3) Guidance letter 

cc: 
Ray Hadley 
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KFx41-427-1306 

SEP .16 1~71 
Dr. Vera Alexander 
Dr. R. Ted Cooney 
Institute of ~·1arine Science 
University of Alaska 
Fairbanks, AK 99701 

Reference: (l) OCSEAP R.U. 4-27 (formerly 426 and 427). 

... .,. .. -; ... ·• ,\ 

(2) U of I\K, HIS Fy 78 Proposal for R.U. 427 dated 7-21-77. 

Dear Drs. Alexander and Cooney: 

Required Proposal Revisions for FY 78 

Your FY 78 renewal proposal, entitled "Ice-edge Ecosystem Study: Primary 
Productivity, nutrient Cycling and Organic Natter Transfer, 11 has been 
reviewed by the Juneau Project Office. On July 29, after our guidance 
was developed for your original proposal, OCSEAP was informed by the 
Bureau of Land r~lanagement of a substantial budget reduction for FY 7fJ. 
This reduction in budget requires a severe revision of overall program 
content, which has affected your research unit. The following revisions 
are required before your work statement can be sent to our Contracting. · 
Office for funding: 

1. Your original requested funding level of $375,988 must be 
reduced to $175,000. 

2. The following items are suggested as means for affecting this 
reduction in funds: 

ac Eliminate all proposed field \."IOrk for FY 78. Your total 
effort should be devoted to the completion of phyto- and 
zooplankton data submissions with the production of a 
f·inal report shmoJing the results of cruises conducted 
during the period 1975-77. This will involve the final 
analysist interpretation and reporting of plankton data 
collected in the St. George Easin 9 Bristol Bay, Norton 
Sound and Chukchi Sea lease areas. 

b. Reduce personnel, salaries, overtime, administrative 
overhead, travels equipment, etc. commensurate with the 
deletion of your field effort. · 
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3. Provide an inventory of samples held from past cruises. 
List the types and number of samples, by cruise, that will be 
analyzed and used to develop the results for your final report. 

4. Indicate on the inventory the types and number of samples, 
by cruise, that you \11ill be unable to analyze with the present 
funding level. Please indicate the man hours and funds that 
\vould be requ·ired to process, evaluate, and develop a final 
report incorporating all data for the tlor.to~n Sound lease area .. 

5. Describe in detail your modeling effort during FY 78. 

6. Provide a detailed table of contents for your final report. 

7. Increase the information content in your milestone chart to 
show estimated dates for completion of sample analysis, major 
types of data analysis data submissions in OCSEAP format~ and 
major sections of your final report. 

8. Prepare and include in your \1/ork statement a field by field 
identification of data that has been collected under your 
research unit. This should include fields for File Types 
022, 024, 028 and 029 as requested in the proposal format. 
In this listing please indicate the expected range of values 
for each field when applicable. 

9. Hhen reporting species in the OCSEAP formats vte request that 
you use the ·new NOOC Taxonomic Code instituted in f,,arch~ 1977 
rather than the old Alaska Code. 

10. Please correct the error in format number (024 to 029) for the 
category 11 Primary Productivity" in the 110ata Products Schedule" 
pp. 10 of your original proposal. 

11. He request a complete inventory of all equipment purchased 
with OCSEAP funds. You will be contacted at a later da.te 
as to the disposition of field sampling equipment. 

The final funding com~itment and level are contingent on approval of the 
FY 78 CCSEAP budget by the Bureau of L;:md l'lanagement. 

If you have questions concerning any of the above guidance, please phone 
the Juneau Project Office, (907) 586-7436. 

Your letter agreeing to these changes, or a revised work statement, must 
be sent to and received in the Juneau Project Office, with a copy to 
Boulder no later than September 28, 1977. If there are extenuating 
circumstances which prevent you from meeting this schedule, please phone 
the Project Office. The shoret deadline is required to ensure continuous 
funding of your project in FY 78. 
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Upon receipt of your ~'lark statement, revised in accordance \'lith the 
above guidelines, we will initiate contracting procedures for FY 78. I 
1 oak fon'lard to your continued involvement in our program. 

Sincerely9 

· Herbert E. Bruce, Ph.D. 
Beting Sea-Gulf of Alaska Project Mnnager 

cc: 
·.( Program Office 

Ray Hadley 

124 



RFx41-427-374 

Dr. Vera Alexander 
Dr. R. Ted Cooney 
Institute of Narine Science 
University of Alaska 
Fairbanks, AK 99701 

Reference: OCSEAP Research Unit 427. (Formerly 426 and 427) 

Dear Drs. Alexander· and Cooney: 

At this time we. are soliciting renewal proposals for the 1978 fiscal 
year, starting 1 October 1977 and ending 30 September 1978. Requests 
for these proposals are based on ·a Five Year Program Development Plan 
for the environmental assessment of·the Alaskan Continental shelf, which 
has been'developed by our Research Planning Committeeo 

We invite you, Drs. Alexander and Cooney, to submit a renewal proposal 
for continued studies on the dynamics of the plankton communities and 
the regulatory mechanisms ~Jhich govern the productivity of the seasonal 

· ice system in the eastern Bering and Chukchi Seas. Your proposal "should 
include additional FY 78 field studies in the Chukchi Sea, Norton Sound 
and Saint George Basin lease areas with the ana1ysis and interpretation 
of data collected during FY 77. In addition, you will submit to OCSEAP 
a final report by October 1977 on all data collected during FY 75 and 76 
in the southeastern Bering Sea including definition of the plankton 
communities, distribution and abundance of biomass (standing~tock) and 
selected species, nutrient cycling, and annual cycle and magnitude of 
phytoplankton production. 

The funding guidance for FY 78 is $377~000, to be distributed between 
the three lease areas approximately as follows: 

13% Chukchi Sea 
20% Norton Sound 
67% Saint George Basin 

Since the seasonal ice pack is heavily utilized by large populations of 
marine birds and mammals for feeding and breeding, it is essential to 
develop an understanding of the associated ecosystem dynamics, regulatory 
mechanisms, and transfer pathways and rates of organic matter prior to 
OCS development. Specifically, the objectives should be to: 

1. Assess the significance of the ice edge region in the productivity 
of the lease areas by studying the dynamics and mechanisms regulating 
the phytoplankton populations. 
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2. Determine temporal and spatial density distributions and 
environmental requirements of the principal species of zooplankton, 
micronekton and ichthyoplankton associated with the ice-edge region. 

3. Identify pathways and rates for organic ma~ter transfer between 
primary producers and the.pelagic and under-ice grazing communities. 

4. Identify sensitive ecological parameters and information gaps 
by using a simulation model that represents the lower biotic components 
and dynamics of the ice-edge region. 

Expected products from this research activity include: 

l. Narrative reports containing a complete description of methods, 
spatial intensity of sampling 7 statistical tests, and the horizontal 
and vertical distribution of parameters. Data will be analyzed to 
identify the major factors controlling primary production and the 
flOi'l of organic matter to primary consumers. Discussion of the 
model will include an operational description, documentation of the 
computer programs, and results defining information gaps and the 
sensitivity of selected parameters. 

2. Digital data submitted in OCSEAP format under File Types: 
022 -CTD Data, 024 - Zooplankton~ 028 - Phytoplankton Species and 
029 - Primary Productivity. 

3~ Visual data supplementing the narrative reports as follows: 

a. ~·1aps identifying sampling locations. 

b. Charts illustrating: 

(1). Temporal changes in the location of the ice edge. 

(2) Temporal and spatial changes in the distribution and 
abundance of zooplankton. 

{3) Temporal and spatial changes in the distribution and 
abundance of chlorophyll. 

(4) Temporal and spatial changes in the levels of primary 
production. 

c~ Figures and tables illustrating: 

(1) Ver·tica1 distributions of sigma t, temperature, 
salinity, nutrients. zooplankton biomasst species 
numbersi chlorophyll, light intensity and primary 
production, as related to the ice-edge ecosystem. 
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d. Computer graphics showing: 

{l) Estimated daily energy demands for selected species 
or species groups. 

{2) Summation of sensitivity analyses. 

This year's proposal format is requesting information on future years• 
research efforts for those investigators vJho expect ... to continue into 
FY79 and beyond. He are asking for this additional information because; 
( 1 ) ~J9 be 1 i eve a better program wi 11 resu 1 t \•:hen research can be viewed 
in a perspective longer than a single fiscal year, {2) \'Je vtill be able 
to estimate future total program costs and the impact of different total 
budget leve1s~ (3) our information base will be improved for writing 
research plans for FY79. Please be assured that we are \1ell a'tmre of 
the uncertainties associated with environmental research~ and that no 

·future commitment is implied by your furnishing this information. 

Please prepare your renewal proposal according to the enclosed guidelines 
and mail it to the Juneau Project Office in time for delivery no later 
than 29 June 1977. We expect to have letters of final decisions on all 
proposals mailed by 22 August 1977. If, in preparation of this renewal 
proposal, you have specific questions regarding this request or the 
guidance provided, please call or write the Juneau Project Office. Your 
inquiry will be referred to a staff scientist for an immediate answer. 

He have made our best estimate of what this project should accomplish 
during FY78 to meet BLM needs. However, we encourage you to bring to 
our attention specific aspects in which you feel that the above guidance 
might be modified or improved to enhance the overall scientific quality 
and output of the project. You should also keep in mind that OCSEAP 
must issue guidance and invite renewal proposals at this time in order 
to complete review and funding procedures before 1 October 1977. However~ 
the schedule for BLM•s final approval of the FY78 Technical Development 
Plans is 15 August 1977. Therefore. your comments on the above guidance 
will be useful in our taming discussions with BLM. 

We would like to thank you for your contributions to the OCSEA Program 
and look forward to another year of cooperative effort. 

Sincerely, 

Herbert E. Bruce, Ph.D. 
Bering Sea-Gulf of Alaska Project Manager · 

Encl. 1 

cc:L-Program Office 
Ray Hadley 
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'[~~ -------·--------------~----~---~ FORMERLY WILLOW RUN LAAO~ATORIES, THE UNIVERSITY OF MICHIGAA 

INTERTIDAL ALGAL ANALYSIS 

Princ~pal Investigator 

Fabian C. Polcyn 

Cost: $22,000 

Environmental Re.search Institute of Michigan 

July 15, 1977 

Research Unit 428 

.// ~ A /7"--P . ./ 
Approved by: (:;ff;.,d-<(o ~f" .><., cA-r~/ 

Richard R: LegauL 
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Vice President and Director of 
Infrared and Optics Division 

·ERIM 
P.O. Box 618 
Ann Arbor, HI 48107 
Telephone: (313) 994-1200 Ext. 240 

~~w~-~rd w.~~urtney ) 
Director, Contracts Ad~inistratio~ 
ERL'1 
P.O. Box 618 
Ann Arbor, MI 48107 
Telephone: (313) 994-1200 Ext. 230 
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lEt=lM __________ ~~~~==~~---
FOflMERLY Wll.LOW 11UN LABORATORIES. THE UNIVERSITY OF MICHIGAN 

TECHNIC.\1 PROPOSAL 

. 
I. INTERTIDAL ALGAL &~ALYSIS 

Follow-on to Contract 03-6-022-35225 
Dates of Contract: July 31 to December 31, 1977 

II. Principal Investigator: 
Fabian ~. Polcyn 

III. Cost of Proposal: $22,000 

IV. Background: In June 1976, a set,of multispectral data was collected 
~y aircraft over three test sites in the Gulf of Alaska. A.first 
analysis of the data showed feasibility for using spectral signature 
analysis for mapping the inter'tidal algal communities along the 
Alaskan coastline. Mission was p~rformed in cooperation with 
Dr. Zimmerman, the NOAA Auke Bay Laboratories who made ground observa
tions of the test sites. If a cost effective method for inventorying 
algal communities along a wider area of the coastline could be 
developed, then a better environmental impact analysis of critical 
coastlines could be made relative to requests for exploration leases. 
and dcvelopnen t. 

V. The Objectives of this program is to complete the analysis of the data 
set collected in 1976 by using all known ground truth at the three 
test sites. Specifically, the tasks would be to: 

1. Classify by computer techniques the intertidal algal communities 
for Latouche, Zaikof Bay, and Cape Yakataga test ~tes, using 

· the multispectral data stored on magnetic tape and ground truth 
provided cby NOAA. 

2. Construct maps of the test site showing by color coding, the 
geographical distribution of the algal communities specified by 
Dr. Zimmerman or his NOAA designate. 

3. Test classification accuracies of algal classes for other conditions 
referenced in data set by altitude, scan rate or flight direction 
for at least one test area. 

4. Prepare reconm1endations for cost effective operational approach 
to intertidal algal survey using remote sensing techniques for 
designated coastlines in Alaska. 

VI. General Strat.egy and Approach: The multispectral data set is contained 
on five computer compatible tapes. The analysis procedure \·Till be to 
use ERIM's user interactive MIDAS computer system to spectrally analyze 
each algal community at the three test areas. A NOAA scientist will 
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be present during the computer analyses sessions. The scientist 
will specify the areas for training the computer memory.· The results 
of that target classification will be immediately displayed on a 
TV monitor and the area classified as a given algal community will be 
shown. This will allow an assessment of the accuracy of the computer 
classification. Each algal class can be sequentially identified and 
displayed. After this initial setup period, a color ink jet printer 
will be used to construct a color coded map of the algal communities. 

A separate printout is also provided giving the number of pixels 
for each algal communities. Since the area of pixel is knmm from 
the parameters of the scanner and the altitude of the flight, an 
area wide inventory of each class is provided in addition to the map 
showing the geographical distribution. Finally, comparisons can be 
made with aerial photographs apd on site observation 'to assess the 
accuracy of the overall ·classifications~ This process will be repeated 
for each of the three test areas;.Zaikof Bay, Latouche, and Cape 
Yakataga. 

Based on the success of classifications and knowledge of the costs 
of both collection and processing a set of recommendations as to the 
costs of doing large area surveys will be prepared. 

VII. Not applicable 

VIII. Not applicable 

IX. Anticipated Problems: The technology of performing this program is 
in hand and a first analyses performed in the first year's effort 
h.as given indications of the potential value of the. methodology. 
No problems in proceeding with the current program are foreseen. 

X. Deliverable .Products 

A. Set of computer classifications maps in color of the three sites 
in the Gulf of Alaska, at approximate scale of 1:3,000. 

B. Tables of areas of the designated algal communities at the three 
sites. 

C. Syn~osium paper to be delivered between August 20-26, 1977. 

D. Color aerial photographs of test areas have already been delivered 
to Sponsor. Scale is approximately 1:3,000. 
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XL Dr. Steven Zimmerman of the NOAA Auke Bay Laboratory near Juneau, 

Alaska will provide the ground truth observations for both the 
computer training session and the classification assessment analysis. 
Plans have been made to conduct this computer analysis effort at the 
Environmental Research Institute of Michigan during the ;.;reek of 
August.l5 to 19, 1977. 

XII. Quality Assurance Plans. The collaboration of the investigators \vho 
were part of the ground site team in June 1976 and the comparison 
with photography collected at the time and all field notes recorded 

·will be a major source of verification of computer results to be 
obtained. 

XIII. Not Applicable 

XIV. Logistics Requirements: Not applicable at this time. The planning 
of future data collection missions is dependent on a variety of 
decisions, hut currently must await the results of the computer 
analyses to be performed as proposed herein, and the assessments of 
cost effectiveness for larger scale operation. 

' XV. The project will.be managed by Mr. Fabian C. Polcyn, Research Engineer 
and Head of Water Programs for the· Resources and Technology Department 
in the Infrared and Optics Division of the EnvironmentaL Research 
Institute of Michigan. A milestone chart is shown as an attachment. 

XVI. Outlook: It is expected that aircraft remote sensing techniques \vill 
be useful for inventorying Alaskan shorel;i_nes. It is one of the purposes 
of the proposed tasks to determine the final details of the computer 
processing procedures to achieve acceptable accuracies. If proven 
feasible than larger areas could be inventoried based ~n priority 
sites during a given season. A better estimate of costs will be 
forthcoming v7ithin the first three months of the proposed new program. 

XVII. 1. Updated Activity/Milestone/Data Management Charts will be 
submitted quarterly. 

2. Quarterly Reports \vill be submitted in sufficient t:i,me during the 
contract year to be in OCSEAP hands by the first day of January, 
July, and October, Annual Reports by April'.L The Final Report 
will be submitted within 90 days of the termination of the contract. 

3. \-.'here biota are concerned, all species and higher categories will 
6e represented by th~ voucher specimens that will be ~reserved, 
labelled, held, and shipped to an official OCSEAP-designated 
repository in conformity with OCSEAP voucher specimen policy. 
Vouehering \vill include life history stages (e.g.,. larvae, juveniles, 
adults) when these are used, and sexes where these are morphologically 
distinguishable. 
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FORMERL.Y WILLOW RUN LABORATORtES, THE UNIVE:RSITY OF MICHiGAN 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

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. 

Data will be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation form (NOAA 24-13). 

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). 

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. 

Title for all property purchased with OCSEAP funds remains with 
the U.S. Government pending disposition at contract termination. 

Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release for information and 
for fon1arding to BLM. The· release of such material within a 
period of less than sixty (60) days shall be made only \vith 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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\1 jf. --------
PI: Fabian C. Polcyn 

Major Milestones: R~porting, data ~nnngement and othor significant 
· 1 · · · ' or. .r:. 1 r! '10"' 1

/ • \·'orl'shl'\~ .. · e·'-c contrcctua requ1 rerncnts; pen cos 1 • 1 e '"' ¥. , ,, , ·, , ,..,.1· , , · " • 

. ----, l /0" F. 19-,Q . ' ... r~AJOR X!LESTOl'~ES 
;_r ---------·-------------~--r---·~ 
! l! I 1 1 Field Data Collection Completed June 1976 1 IT I 

L I T I·.' II l .! I I First Computer Analysis Compl,eted January 1977 I I I ' I [· I t _t_ -1-,-·.---J-r·~.-~ 
/ Report Completed March 1977 j' I l ·l·-11 I \ \ \ \ . \ i ' l 
~I~~~~~~~~--~~~~~~~~~-~~-,· . - ~~,-~,~·-r l r-~~ I Follow-on Effort Approved July 1977 I L · ' ~ 1 l ! 1 I 

\ Computer Analysis Completed in co_l_l-ab_o_r-at_i_o_n--t-.A""--ti-A--J·~-~~-· 1:.-· 1-'-.-~- -.-i i,' .: ·~-Ill ~-~ 
i with NOAA representative --·R· -·---.-lj- \ -~--.~-,1,----l!-l-J I! ,-~1 S I Assessment of cost-effectiveness for using j . . j 

1 remote sensing t·echniques . i ]_,__ •. :_,_ . -.-t--~-~ · ~~-,-~--;~ 
I Preparation of Finel ~eport 

1 

i:J
1

_:f.-H-~-~~-·- ·~-~--1-1-1· I I ~;~ 
I Delivery of Final Report ,. I A I !' ! !1 I ! l ! I 1 1 

i ' I 1. !· i ' I I I I 1___j l l I I .,-,-r --~-- I - _l_l_' I i n j 
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~'~----------·---t--1--Ft=- ~~=~=~-cr I TRfi~-~~- ~~ 
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. fORME.RL 'f WlLLOV; RUN LAO?RI\lORiE$. 1 HC UNIVER~HY Of- M:CH!GA.N 

POLCYN, FABIAN C. RESEARCH ENGINEER 

PUBLICATIONS 

"Infrared", Co~·author, International Science and Technology, April 1963. 
"Infrared Scanner Observations of Volcanic Activity", Co-author, Proc. 

IRIS, Vol. 8, No. 3, August 1963. --
11HORL Hultispectral Experiment Definitfon", Co-author, The University of 

Michigan, IST, Report 6688-1-F, August 1964. 
"Comparative Multispectral Sensing!!, Co-author, The University of Michigan, 

IST, Report 2900-484-S, March 1964. 
"Nultispectral Data Collection Program", Co-author, Proceedings of the 

Third Symposium on Remote Sensing of Environment, February 1965~ 
11 Infrared Surveys of Hm1aiian Volcanoes 11

, Co-author, Vol~ 146, 
No. 3645, p. 733, 6 November 1964. 

"Investigations of Nultispcctral Image Interpretation", Co-author, 
Proceedings of the Third Symposium on Remote Sensing of Environment, 
February 1965. . 

"Investigation of Spectrum Matching Sensing in Agriculture11
, Semi-annual 

Report, 2 Vol., September 196 7. 
"Invcstj.rati.on of Spectrum Hatching Sensirg in Agriculture", Final Report, 

Vol. 1, Nuvernbcr 19G5. 
"Remote Sensing Techniques for the Detection of Doubtful Shoals", Co-author, 

Ninth Meeting of Ad Hoc Spacecraft Oceanography Advisory Group, January 
1968. 

"Hmv Nultispectral Sensing Helps the Ecologist", Co-author, Remote Sensing 
in Ecology, First AIBS Interdisciplinary Meeting on Environmental 
Biology, June 1968, Published in Remote Sensing in Ecology, University 
of Georgia Press, 1969. 

"Analysis of Lake Hichigan Data11
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at the AMS Hecting, February 1974, California. 

"Power Plant Discharges and Thermal Anomalies in Southern l'lichigan - Program 
'Summary,"Go-author, Environmental Research Institute of Michigan Report 
No~ 290100-1-F, prepared for State of Michigan, Department of Natural 
Resources, \.Jater Resources Commission, Harch 1974. 

"Water Depth Heasurements Using Spaceborne Sensors, Co-author, Environmental 
Research Institute of Hichigan Report No. 102100-9-L, June 1974. 

11 Resource Inventory Research and Development: Major Issues, Techniques, and 
Recommendations, Environmental Research Institute of Nichigan, June 1974. 

I 
. I 

i 

POLCYN, FABIAN C. 136 8/74 



~~~M----------------~~~~~~---------1~ t ORMERL'r" WtLLOW RUN LABORAlOf\:lt::S. THE. UNIVERSJTY OF M£CHtGAN . . 

LYZENGA, DAVID R. ASSISTANT RESEARCH ENGINEER 

PUBLICATIONS 

"Model Calculations of Contrail Effects on the Radiation Budget", 
1972, Conference on Atmospheric Radiation, Fort Collins, Colorado. 

"Note on the Modified THo-Stream Approximation of Sagan and Po1lack11
, 

1973, Icarus 240-243. 

"Environmental Effects of Aircraft Condensation Trails", 1973, 
PhD Thesis, University of Michigan. 

"Techniques for Measuring Light Absorption, Scattering, and 
Partic.le Concentrations in \.Jater" (,-lith O.E. Prewett:, F.C. Polcyn, 
and.H.L. Brown), 1973, ERIH·Rcport No. 190500-1-F. 

"Calculation of Water Depth from ERTS-MSS Data" ( .... d.th F.C. Polcyn), 
1973, ERTS..:..l Symposium on Significant Results, 'Ne\v Carrollton, MD. 

''Multispectral Sensing of \-later Parameters" (H:lth F. C. Polcyn), 
1973, in Remote Sensin_g and urces }!anC}_gem~lt. 

11 RP.mCJtc; Ba·thymfC•try ar1d Shoal Detection with ERTS" (Hitb f.C. Polcyn), 
1975, ERIM Report No. 193300-51-F. 

11 Analysis of Cladophora Distribution in Lake Ontario Using Remote 
Sensing" (Hith C. T. Hezarnak), 197 5, -~emote _?enslng_ f _Em:_:i:_ronrnen._t !_!_, 37. 

11 Skylnb Remote Bathymetry Experiment" (with F.C. Polcyn), 1976, 
ERIM Report No. 102100-21-F. 

"Spectral Reflectance and Radiance Characteristics of Water 
Pol.J.utants" (with C.T. t<lezernak and R.E. Turner), 1976, NASA 
Report No. CR-2665. 

"Spectr.:1l Bnnd Positioning for Purposes of Bathymetry and Happjng 
Bottom Fentures from Satellite Altitudes"- (with C.T. Wezernak and 
F. C. Polcyn), 1976, ERIH Report No. 115300-5-T., 

11 Detectability of Black Submerged Objects" (with F.J. Thomson), 1976, 
ERIN Report: No. 123500-1-F. 

11 Landsat Data Processing and Analysis for Beach Environment Assessment" 
(with R. Shuchman), 1977, ERIH Report No. l21l:00-5-T. 

"Reflectance of aFlat: Ocean in the Limit of Zero \Yater Depth", 1977, 
Applied Opt_!_cs 282. 

LYZENGA, DAVID R. 5/77 

137 



I. TITLE: 

Research Unit #429 

Faulting, Sediment Instability, Erosion, and 
'Deposition Hazards of the Norton Basin Seafloor 

II. PRINCIPAL INVESTIGATOR: C. Hans Nelson 

U. s. Geological Survey 
Pacific Arctic Branch of Marine Geology 
Menlo Park, .California 94025 

III. GEOGRAPHICAL AREA AND INCLUSIVE DATES: 

October 1, 1977 - September 30, 1978 

The statements of work had not been received in finally approved form 
in time for publication. 

138 



Research Unit #430 

I. TITLE: Bottom and Near-Bottom Sediment Dynamics: Norton Basin 

II. PRINCIPAL INVESTOGATORS: David A. Cacchione 
David Drake 

U. S. Geological Survey 
Menlo Park, California 94025 

III. GEOGRAPHICAL AREA AND INCLUSIVE DATES: · 

October 1, 1977 - September 30, 1978 

Norton Basin 

The statements of work had not been received in finally approved forru 
in time for publication. 

139 

:I 
i 



Research Unit #431 

I. TITLE: Coastal Processes of the Eastern Bering Sea 

II. PRINCIPAL INVESTOGATORS: Asbury H. Sallenger 
John Dingler 
Ralph Hunter 

U. S. Geological Survey 
Menlo Park, California 94025 

III. GEOGRAPHICAL AREA AND INCLUSIVE DATES: 

October 1, 1977 - September 30, 1978 

Alaskan Coast - Eastern Bering Sea 

The statements of work had not been received in finally approved form 
in time for publication. 

140 



Proposal for 

MODELING OF TIDES AND CIRCULATIONS OF THE BERING SEA 

(OCSEAP Research Unit 435) 

Jan J. Leendertse and Shiao-Kung Liu 
(Principal Investigators) 

Estimated Cost: $100,000 

by 

The Rand Corporation 
1700 Main Street 

Santa Monica, California 90406 
ID No. 95-1958142 

August 1977 

Principal Investigators: Organization Approval: 

.. ;{/ 7 
y/ /[ . '~ ·. A~<.-.-'· i--.-Itt_.- )--> 

/:...:.:_:_:_~==========~-
/~J. J. Leendertse date 

;
1 Telephone: (213) 393-0411 

• Ext. 523 

Shiao-Kung Liu date 
Telephone: (213) 393-0411 

Ext. 7882 

141 

(213) 393-0411 
Ext. 251 

date 
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BACKGROUND 

A comprehensive OCSEAP investigation of south~astern Bering Sea shelf 

water mass dynamics and its driving mechanisms, underway since September 

1975, has shoWn that semidiurnal tidal currents contribute about three

fourths of the observed variance in Eulerian current records. Episodic 

current pulses, attributed to water movements on and off the shelf, are at 

least in part responsible for the residual circulation. The current pulses 

are presumed to be responses to meteorological forcing in the form of 
' 

regional pressure differences and sea surface wind stresses. 

The above features are considered in numerical predictive models of 

the Bristol Bay/St. George Basin region and Norton Sound. The models 

presently under development include the effect of tides, wind stress, 

density stratification, bottom friction and mass and momentum transfers 

in horizontal and vertical directions. 
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V. OBJECTIVES 

A. LONG-RANGE OBJECTIVES 

The long-range objectives of the modeling studies are: 

1. To provide risk planning data for the Outer Continental Shelf 

Petroleum Development of the Bristol Bay Area, St. George Basin 

and Norton Sound. (Such planning data could be generated, for 

example, for water level data resulting from extreme storm wind 

fields. Such data are of importance for safe construction of oil 

processing and distribution facilities.) 

2. To provide a method to compute contaminant trajectories for 

selected locations from wind and tide data. This method should 

make possibl~ the determination of the landfall location of 

certain contaminants introduced in the area considered. The 

method should generate data which may be needed for pollution 

event countermeasures. Such data may ·be the approximate landfall 

location of certain contaminants introduced in the area to be 

modeled. 

B. OBJECTIVES OF THE PROPOSED STUDY IN THE 1978 FISCAL YEAR (PHASE II) 

To accomplish the long-range objectives, models of pertinent sections 

of the Eastern Bering Sea are being developed. As an intermediate step 

in obtaining the long-range objectives, the proposed study for FY1978 will 

have the following objectives: 

1. Adjustment and verification of the models based upon tide and 

wind data provided by others. 

2. Determination of local current and water level responses to 

wind fields. 

3. The providing of environmental monitoring station and site 

location planning information. 



VI. GENERAL STRATEGY AND APPROACH 

A. INTRODUCTION 

In Phase I of the study, two three-dimensional models were set up-

namely, a Bristol Bay model and a Norton Sound model (Figs. 1 and 2). 

These models are three-dimensional 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 grid system. On this 

grid system we are expressing the different conservation laws quite 

accurately. The assumption is made that the vertical accelerations can 

be neglected; thus the pressures are assumed to be hydrostatic. 

The model contains two momentum balance· equations, balance equations 

for salinity and temperature, equations representing the conservation of 

fluid mass and an equation of state. 

In the model we are computing the variables at a finite number of 

points. Since fluid motions occur on scales much smaller than the finite 

distances we are using in the grid representation, the model formulation 

contains subgridscale mass and momentum exchanges. 

Traditionally these exchanges are taken as functions of the local 

mass and momentum gradients. In the horizontal motions we assumed that 

these functions were linear with the gradients; thus, constant horizontal 

momentum and mass exchange coefficients were used. In the vertical the 

exchange coefficients were taken as a function of the square of the vertical 

velocity gradient. In this manner we were trying to relate the vertical 

exchanges with the local turbulence. In addition, the vertical exchange 

was taken a function of the Richardson number, thus inhibiting vertical 

exchange with increasing stratification. 

B. PROGRESS IN FY1977 

Under the present contract the emphasis of the research and development 

effort has been directed toward making the model system operational and 

setting up models of sections of the Eastern Bering Sea, namely, a model 

of Bristol Bay and a model of Norton Sound. 
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Much of the work has been in code development for documentation and 

representation of model results in graphical form, documentation of input 

conditions and code development for insertion of the open boundary con

ditions in the model. 

Two models have now been set up; examples of graphical outputs are 

presented in Appendix A. 

In recent studies for the Office of Water Research and Technology, 

Department of the Interior, we extended the method of computation of the 

three-dimensional model. Implicit computations were introduced. All 

momentum and mass balance equations in a vertical are now solved simul

taneously. This implicit method of computation eliminated a stability 

condition. More importantly, however, we introduced computation of the 

subgridscale energy. This subgridscale energy is a measure of the tur

bulence level at scales which cannot be represented on the computational 

grid. 

Since the vertical mass and momentum exchanges are functions of the 

turbulence, we are now able to compute the vertical exchange coefficient. 

* This concept is similar to ~pproaches used by Marchuk < for the computation 

of the boundary layer in the ocean. A description of the computation 

.method is presented in Appendix B. 

The computation of the subgrtdscale energy and the implicit computa

tion of the variables are now incorporated in the models of Bristol Bay 

and Norton Sound. 

To start our first simulations of the tide in Bristol Bay for the 

initial simulations, we intend to use the results of two tide charts 

which were received this last month from PMEL (Figs. 3 and 4). Diffi

culties are expected when using this data, as described in Chapter IX. The 

accuracy of this data for modeling purposes is low. For example, the M2 

tide at the southwestern boundary of the model has an amplitude of about 

30 em. This is amplified about five times in the eastern part of Bristol 

Bay. Thus, a relatively small error on the boundary will induce con

siderable deviation of computed water levels. 

C. STUDY APPROACH FOR FY ,1978 

1. Bristol Bay Model 

The tide data wh~ch were received on July 11, 1977 from the Pacific 

* Marchuk, G. I., et al., ''Mathematical.Modeling of Surface Turbulence 
in the Ocean,n Izv • .., Atmospheric and Ocean Physics, Vol. 12, No. 8, 1976, 
pp. 841-849. I 
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Marine Environmental Laboratory now make it possible to determine the 

layout of the model boundaries (Fig. 5). Since the northwestern boundary 

of the model passes through an amphidromic point of the major diurnal tide 

component (Kl), this boundary has to be described in considerable detail. 

For this reason the tidal components will be described at several locations 

on this boundary as functions of amplitude, frequency and phase. Between 

these locations, the amplitudes and phases will be linearly interpolated 

for all available tidal components (Ql, 01, Pl, Kl, U2, N2, M2, S2). 

Similarly, the southwestern boundary will be described by linear inter

polation between different stations. This boundary is now somewhat more 

inland. The area near this boundary is now somewhat flatter, which can be 

better described. By moving this boundary we reduced computer memory 

requirements considerably. 

Once all boundary tide data are available, simulations will be made 

for a homogeneous sea. Bottom friction as well as the coefficients of 

the subgridscale energy generation and decay will be adjusted until tidal 

amplitudes and phases in the interior of the model are in approximate 

agreement with observation. All these experiments will be made without 

wind. SuBsequently, salinity distributions as observed will be inserted 

in the model. The model will first be tested for stability of the compu

tation and approximate stability of the density field. If these conditions 

are satisfied, responses of wind fields from the north, northwest and west 

will be determined. 

If field data according to our specifications are obtained, that data 

will be used for boundary description and for verification. The required 

data are described in Chapter XI. 

2. Norton Sound Model 

The layout of the Norton Sound model is shown in Fig. 6. Presently 

we have only a very rudimentary understanding of the tidal propagation of 

the main diurnal and semidiurnal components. We are presently planning 

to describe the two open boundary sections of this model in three sections. 

In each section a linear interpolation of tidal amplitude and phase of 

each component will be used. The progress of the investigation will follow 

the one described for Bristol Bay. First, boundary conditions will be 
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determined; subsequently, computations will be made with a homogeneous sea, 

after which the approximate salinity field will be introduced. Finally, 

the responses to wind from significant directions will be simulated. All 

model results will be presented in graphical form. The required data are 

described in Chapter XI. 
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IX. ANTICIPATED PROBLEMS IN FY1978 

One of the major problems which we expect to face during the inves~i

gation is instabilities in the computation near the boundary. These 

instabilities occur when the boundary conditions are ill-posed by our 

interpretation of the field data, or by the assumptions we make ·if 

such data are not available from the field data collection program. 

The generation of these conditions can be imagined by considering 

flow in the direction perpendicular to the open boundary. We assume 

that no flow in the V direction exists, thus there is no flow component 

parallel to the boundary. It is also assumed that water depth is uniform. 

In the computation flow perpendicular to the boundary generates a water 

level gradient just inside the boundary. This computed gradient should 

match the imposed gradient on the boundary, as otherwise a local disconti

nuity would be generated and the problem would be ill-posed mathematically. 

As a result of such an ill-posed boundary condition, the flow pattern 

becomes irregular, as shown in Fig. 7. If this ill-posed condition is 

. severe and of long duration, an error wave will radiate from it and the 

computation may fail. If the estimated boundary condition deviates only 

slightly from the one whrch is compatible with the flow field, the compu

tation generally can be continued, as some damping exists in the system. 

To reduce these problems, we are considering introducing radiative 

boundary conditions. With these conditions we hope to be able to radiate 

error waves out of the computational field rather than locking them into 

a model with rigidly described open boundaries. 

It is anticipated that accurate data, as requested in Chapter XI, 

will eliminate or reduce this boundary problem considerably, as the boun

daries will then match the internal flow field of the model. 

Since our model with the exchange coefficients computed from the 

turbulent energy is relatively new, we do not yet have extensive experience 

with the stability of density differences. If a considerable density 

gradient in the vertical exists, the vertical mass and momentum exchanges 

are reduced and the upper and lower .layers become uncoupled. We have 

still to experience the implications of that condition. 
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X. DELIVERABLE PRODUCTS 

The results of the investigation will be reported in a Rand report. 

The draft of the report will be made available at the end of the contract 

period. This report will describe the computational procedures used, 

the method of tidal adjustment and verification, the experiments to obtain 

the response of the water body to wind fields and a discussion. The 

report will be widely distributed, not only to the sponsor, but also to 

Rand subscription libraries in the U.S. and abroad. 

The report will be illustrated with computer-made graphs of model 

results. Graphs will be presented of isocontours of water levels, areas 

of rise and fall of the tide at certain time intervals, current intensities 

at different depths at certain time intervals, and time histories of 

velocities, water levels and transport at different locations. Also, 

computed cotidal charts of the principal components of the tide will be 

prepared. 
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XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

Simultaneous water l~vel data (pressure data) are required for 

several stations on the boundary of ,the models, t~gether with pressure 

and current data at several stations.inside the model areas. 

The data series for each model should be simultaneous for a period 

of at least 15 days, preferably for a period of 30 days. The interval 

of sampling should be at least 15 min. Particular emphasis should be 

placed on the accuracy of time in the observations. 

It will be noted that land-based tide level stations are included 

in the station requirements. These data are important for the determina

tion of wind effects. 

Figure B presents a chart of the required locations for the Bristol 

Bay model, and Fig. 9 a chart of the required locations for the Norton 

Sound model. Tables 1 and 2 present the coordinates of the required 

stations. 

In addition to the pressure and current data, wind and barometric 

pressure data are required for a.few stations in or adjacent to the 

model area. We have assumed that hourly surface weather observations 

are made routinely at St. Paul Island in the Pribilof and on one or two 

stations on the Alaska Peninsula. 
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Table 1 

OBSERVATION STATIONS REQUIRED FOR BRISTOL BAY MODEL 

- M-·--· 
Station Location 
Number Type on Vertical Latitude Longitude 

Bl Pressure Bottom 54°551 164 o so' 

B2 Pressure Bottom 55°2o' 165°3o' 

B3 Pressure Bottom 56°141 I6roo' 

B4 Pressure Bottom 5 7°3l1 169°041 

B5 Pressure Bottom 58° 33' 16 7°111 

B6 Pressure Bottom 59°311 165°lo' 

B7 Pressure Bottom 59°591 164°141 

B8 Level gauge Surface 58° 3o' 158°411 

B9 Pressure gauge Bottom 
Current meter 0.2 & 0.8 of depth 57°041 163°201 

BlO Pressure gauge Bottom 
Current meter 0.2 & 0.8 of depth 57° 3o' 159° 501 

811 Current meter 0.2 & 0.8 of depth· 56°3o' 162°221 

B12 Current meter 0.2 & 0 • .8 of depth 58°0o' 162°5o' 
-

\ 
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Table 2 

OBSERVATION STATIONS REQUIRED FOR NORTON SOUND MODEL 

Station Location 
Number Type on Vertical Latitude Longitude 

---------·- -- -- f.-.---

Nl Pressure Bottom 62°3o' 165°461 

N2 Pressure Bottom 62°541 16 7°051 

N3 Pressure Bottom 63°211 168° 40' 

N4, Pressure Bottom. 64 °lo' 16 7° 361 

N5 Pressure Bottom 64°511 166°461 

N6 Pressure Bottom 
Current meter 0.2 & 0.8 of depth 64°0o' 164 °0o' 

N7 Pressure Bottom 
Current meter 0.2 & 0.8 of depth 64 °0o' 162 °00' 

N8 Current meter 0.2 & 0.8 of depth 64°0o' 166°0o' 

N9 Current meter 0.2 & 0.8 of depth 63°141 166°0o' 

NlO Pressure Bottom 63° 32' ],.65° 38' 
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XV. MANAGEMENT PLAN 

The sequence of the different steps in the investigation follows 

quite naturally, for example, input data has to be prepared before adjust

ment simulation can be made. Since this investigation is performed simul

taneously with other similar investigations for other sponsors, the main 

task is scheduling the different steps according to availability of 

certain computer system analysts. 

Experience has shown that progress in this type of investigation is 

quite regular. Financial control and control over the manpower effort of 

all project personnel is .exerted by the project leader through biweekly 

financial statements on the project which are available one week after 

each fortnightly accounting period. In these statements actual manpower, 

comp~ting, travel and overhead charges are indicated, as well as the 

projected charges. In addition, the total expenditures are graphed. 

·The major steps of the investigation are indicated in Table 3. 

162 



A v 
tHLESTONE CHART -/\ .?lo.;~~~~d Cot:l-plc.tion-t~tc • T------;;;·)____ 1--.--\ 0 ! ~ 

RU !! : 435 pI: . J. 'J-. Leendertse and s K Ti!! - A Actual Cornple tlon Oa te , ... : 

Hujor Milestones: Reporting, duta r1~Hiagcrnent und other significant~~.-:.. l 
contractual requirements; periods of field work; workshops; etc. 

,_·1~9~17~1· ~~~~~~~l.iL8~~~~-~-~~~~~ ~~\JOR MILESTONES ,.... M - 5 0 -T 

1-----------------------~ 0 . N D -~~.:...F-+-n:-t·1,_~A·'-t-lu...J-=J--+...,.,J-I-'-A~,..-i--"'---+~N,J)_ r--f--~ _ 

BRISTOL BAY MODEL: Tide adjustment --- ---r--- r-6. 
~-------------------------------------------------+--~-+--1---r~~;--t--~ 

Adjustment density field -- 6. 

Determination wind responses -- ---r-A 
~--__.----------------------------------·~··--------~---~------r-~--;--+--r--Model verification on new FY1978 

data· 

1---------------~---------t--t--1- -~--------
NORTON SOUND MODEL: Boundary tide determination -- -----!J. . 

i 
I 

--~4-~--4--+--~~~i---
1 
I 

--~~--~--~-~~--+--;.~ 

-- 6. 

,. 
~·--~---~-r~·--+--r~--~ 

I 
I 

~-------------------------------------------------;---r--~-~--1~~-;---+----- --~~~__,~~--i--i--!~ 

' J---J---+--1--+. --T~t-·-!~ Tide adjustment -- -- A 
~------------------------·------------------~-~--+-~-t--;--r--r-1---

I ., 
- -·1---1---i-+--+-t--f--t 

Model verification on new field 1--- --h~ I . I II 
data 

1----------------------------!---+---~- -·1--1--l-- -·1--J-.--I'---i---T-+--+--..--t 

j· I 
1-------------~-·----------~--r---+-- :---~-~-1-·t- -t---+-""-f-1- I 

---6 Adjustment density field 

~------------.-------------~--------------------~---r--r--1:-----~-+--·~-~--
Determination wind responses 

~----.---------------__,--------------------------i--~~-----~4--+--~1--
----!-A 

REPORTING: Draft submittal -1--- A 

-----------------------------------------------------r--·------~-~--~--4--+-----
Review·and printing 



XVI. OUTLOOK 

After the adjustment of the models to tidal inputs on the boundaries 

of the model and to the determination of responses of the water body to 

wind fields, the research can logically proceed towards prediction of 

movements of dissolved and floating substances. 

In order to take protective measures in case of oil spills, an effective 

method should become available for prediction. Since these predictions have 

to be made suddenly, it seems prudent to develop a method which is relatively 

simple_ and easy to apply. It is our proposal to develop such a method from 

system characteristics obtained from model results and also from field data. 

It is also our proposal to evaluate this method by use of observed data 

(e.g., surface drifters). 

The pathways of floating substance~ are determined by tides, by 

residual currents and by the transient movement of the top layers as a 

whole under influence of wind fields. In addition, the pathways are a 

result of the direct influence of wind shear (surface movement). 

The model would provide vital data for determining the first three 

effects mentioned above. 

The approach proposed here would determine response functions for 

pathways from wind and tide data. To illustrate our approach we will 

first discuss estimation by use of response functions. 

For the propagation of tides, amplitude and phase relationships 

between two stations can be determined by cross-spectral analysis. Once 

this relation is established, the tide elevation of a station can be 

determined from the others by so-called convolution. This estimation 

technique will also give the expected error of the prediction. Something 

similar can be done for the relation between short duration wind fields 

over a certain area and the fluid motions (or fluid surface motions) in 

that field. This analysis can be made most ~ffectively by use of a 

properly adjusted and verified model. 

It is our intention to express response functions relating the 

causes and effects for a set of locations under a few typical conditions. 

The actual response of an arbitrary time-varying wind field can then be 

predicted by use of these functions. In addition, we intend to account 
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for the direct influence of the wind shear and the dispersion effect. 

The final result of this research effort would be a relatively simple 

computer program with instructions for its use. 

At the end of. FY1979 we would. have' advanced sufficiently to show 

the effectiveness of the.approach based upon field experiments which have 

already been executed. At the end of FY1980, the computer program would 

have been ·refined, thoroughly tested and an instruction manual prepared. 

An estimate of the cost has. been provided in the cost section of 

this report. The level of the present effort will be approximately· 

maintained. 

For this investigation no major equipment purchases are required. 

The field tests with drifters whi~~ can be used for evalu~tion are already 

planned. 
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XVII. ACTIVITIES, REPORTS AND PUBLICATIONS 

1. Updated Activity Management Charts will be submitted quarterly. 

2. Quarterly Reports will be submitted in sufficient time during the 

contract year to be in OCSEAP hands by the first day of January, 

July, . and October, Annual Reports by April 1. The Final Report will 

be submitted within 90 days of the termination of the contract. 

3. At the option of the Project Office the 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. 

4. Three (3) copies of all publication or presentation manuscripts 

pertaining to technical or scientific material developed under 

OCSEAP funds will be submitted to the appropriate Project Office 

at least sixty (60) days prior to release for information and for 

forwarding to BLM. The release of such material within a period of 

less than sixty (60) days shall be made only with prior written consent 

of the Project Office. News releases will first be cleared with the 

appropriate Project Office. 

5. All publications and presentations of material developed under OCSEAP 

funds will acknowledge BLM/OCSEAP sponsorship. The following acknow

ledgment 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 Conti

nental Shelf Environmental Assessment Pro~ram 

(OCSEAP) Office." 
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Appendix A 

SAMPLES OF GRAPHICAL OUTPUTS OF THE 

NORTON SOUND AND BRISTOL BAY MODELS 

Note: The simulations were made with open 
boundaries est~ated from tide tables 
and a homogeneous density. 
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Fig. A-3--Computed horizontal velocities at 8.2 m at a 
particular time in the Norton Sound model 
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Fig. A-4--Computed horizontal velocities at 13.7 m at a 
partic~lar time in the Norton Sound model 
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Fig. A-5--Computed horizontal velocities at 19.2 m at a 
particular time in the Norton Sound model 

~- tftiQ:; 

06:191-0-0 

NORTON SOUND ALASKA STEP !'l~ 
HORIZONTALVELOCITIES AT 19.2 M 
Grtd fotZe = 10000 • . 
Velo~tt1 ~ector '!;rid s1ze ~ 60.0 cm/r,ec 

lr.OII!IGS H 0.'300~10:~~ O.!OOX!O:~~ 0.200Xl0•0l 
0.30CX10•0t 0.400XIO Ot 0.'500XIO•Ot 
0.600~ I 0 , 0. 700X I o• 

NORTON SOLJNO ALASIIA JULY l '377 RAND CORP 
0712'5177 17.36.26 
Contour ~•lues con be detarmtned from'the order in~•
cated abo~e, COUIItlll'! tnward from !on'.! bOUI'dar.l9r.. 

+ 



+ 

+ 

PASTOL BAY 

YUKON RIVER 

Fig. A-6--Computed subgridscale energy at 8.2 m in the 
Norton Sound model 
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Fig. A-7--Computed water levels and rise or fall of the tide 
+ at a particular time in the Norton Sound model 
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Fig. A-8--Computed horizontal velocities at 9.1 min the Bristol Bay model 
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N= 19 

Fig. A-lr--Computed velocity components in a vertica.l plane of the Bristol Bay model . 
. (The location of the ~ection is shown in Fig. A-8) 



Appendix B 

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. 

Conse~uently, all concentrations, momentum components ~nd SGS energy 

values are computed simultaneously for each series of~points in a 

vertical. This computation method eliminated stability conditions relatea 

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 
'="""' 

'\ (h u) 

~=-
t 

= -
--x 

o (hYv l?') 
y 
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at i, j, n (1) 

at i + ~, j, k 5 n 

(2) 



p =.[sago+ 38T- o.375T
2 

+ 3s]/[(1779.5 + 11.25T- o.0745T
2

) 

- (3.8 + O.OlT)s + 0.698(5890 + 38T - 0.375T
2 

+ 3s)] 

at i, j, k, n + 1 (8) 

The finite-difference equation used to compute the vertical velocities 

is 

at i, j, k, n + 1 (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 forthe application of Eq. 

(9) and K - 1. 

The horizontal pressure gradients in the top layer are: 

-x :-x 6 p = gp 6 ~ + ~ h 6 p 
X X X at i + ~, j, 1, n + 1 (10) 

6 p + gpY 6 r; + ~ JiY 6 p y . y y at i, j + ~~ 1, n + 1 (11) 

Once these pressure gradients are known, theri the gradients for the 

other layers are computed with increasing k by use of 

6 (6 p) = g6 pz 
Z X X 

at i + ~~ j, k + ~' n + 1 (12) 

-t; 
6 (6 p) = g6 p 

z y y 
at i~ j + ~. k + ~~ n + 1 (13) 

T.~E EQUATIONS FOR THE TOP AND.BOTTOM LAYERS 

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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I 
·I 

----~t ~ ~ 
,-.<'\~' :-'X J -x ___.., J _...,. -"'V --z-v _,....;.vy 1 ,-.<'\~' 

ot(hJv) =- 6 (h u v) - 6 (hJu vJ) - hJ6 (v \<IJ) - fhJu .. -- hJ6 p 
X y Z ::.Y y p 

at i, j + ~, k, n 

(3) 

. t . 
'\ (hs) = - o (i(CuSX) - 6 <iiY ::Y> . --z 

X . "' y· . VS - ho (ws ) .z 

at i~ j, .k, n (4) 

at i, j, k, n (5) 
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I. 

I 

+ S- Db 
at i, j, K, n (6) 

f ' I . ) I -;-2t I s + 6 th(D 0 pr + 6 'h!o o PI + ho 
1
Ko I 1 + P xl :c x I Yl Y Y _ z z 

at i, d, K, n (7) 
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+ -- C p w sin ' -1 [ * 2 
--x a a p 

at 1 +Is, j • 1, n (14) 

cSt<iiYv>' = -· 6~cjiX/VX> - o ch'/vY> - h'o cVZwY> - tftYt?Y- !_ hYo p 
y . z pY y 

+ 1 [ * 2 ( -21 f_...._X . I I I ] - ·c P w . sin 1/1 - E o v . + o ·lh" A " ti v~ + 6 hA o v 1 p1 a a y z . ...312 X :c x 1_ y I y y J-

af f, j + )s, 1, n (15) 

where C* = wind coefficient 

p = density of air a 
w = wind speed 

If it is·assumed that no mass and temperature exchanges occur at 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. 

subgridscale energy level is maintained 

which will be described later. 

If wind is present, then the 

by.use of a special equation, 

At the bottom layer, the momentum equations become: 

=-

1 [( ~2~ -'X f 2 + -. E 6 u - p gu l'u + 
-'X :cz --p k=K-~ · 

at 1 + ~. j, K~ n (16) 
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at 1, j + ~. 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 subgridsca~e 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 later. 

VERTICAL 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 (e) 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 fl~il •. 'r ,:::_, 

" - •'1 

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 ~nd SGS_energy computed at 

integer values (i,j,k) of the orthogonal grid (Fig. 1). The momentum 

exchange coefficients are lQcated 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: 

.---xz [ 
E.,. a ~z Lfe exp m _L 

.,. -"XZ p 

(i)l!) 2 c5 z <"?> ] 
~z 
e 

(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 sigri appears in the experimental term~ 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 = p;rz Lie exp m __g_ 

y P'z 

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 coeffi~ients. In the 

model we are using: 

where r = a constant. 

c) p] 
(r:)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. 

[ 
.g m-
-z 
p 

(24) 

The length scale L which appears in all the exchange coefficients 

is taken as a function of the distance from the bottom and surface 

boundaries as follows: 

1 

L = k1 z(l - z/d)~ 

where k8 = Von Karman constant 

z = vertical distance from the bottom to the point considered 

d = vertical distance from surfac·e to bottom 

(25) 

In the model this length scale is determined at the pressure points, 

namely, at i, j, k. 
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GENERATION 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: = L/; 

(
-2 

8 = £ ISu) . az ' (26) 

In the model this source is determined at the interface between the 

layers at i, j, k + ~. 

-z f( )2 ( )2f~ 
S = a3Lie_l 6zl?" + t,z-:;t" j 

ot 1, J, k + l/2, n ('l-7) 

It will 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. 

(29)· 
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In the model, the subgridscale energy generation is comJ>uted at the 

layer interfaces and the local finite difference source term becomes 

s ... s[(ij'X)2 + (?')2]3/2/c2 

at i 1 j, K + ~, n (30) 

The energy is completely introduced in the layer K. 

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 waves, turbulence. Wave and swell conditions 

depend on wind intensity, duration of the wind and the fetch •. In the 

tt:st cases a fully-developed sea under moderate wind speed was used as 

inputs. Under these conditions the waves are so-called deep water waves, 

and the total wave energy can be found from the Pierson-Moskowitz spectral 

sets (Neumann and Pierson [5]). Per unit area, the total wave energy is 

-9 4 E = 5.6 X 10 u 
t w 

where u =wind speed in em/sec at 19.5 m above mean sea surface w . 
E = wave energy 

(31) 

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 subg·ridscale energy intensity in this layer is 

-9 4 e = 2.8 x 10 u /h1 
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 kinetic wave energy is in the top layer. 

From de~p water wave theory it is known that the wave-induced water 

motions are effectively zero at a depth which is half the wave length. 

188 



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 21Tu /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 ;"" [ 
2gy; J~< 21.8Vh 

-w ~81 yg . 21T 

(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 

3/2 D = a2 e_ /L 
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RFx4l-435-90l 

Date: NOV 3 1977 

To Rudy·Engelmann 

From: 

Alaska Prog~am Of · 
~·~~ 

Herbert E. ce . ---
Juneau.Project Office 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 

Outer Continental Shelf Environmental 
Assessment Program 

Berino Sea-Gulf of Alaska Project Oflice 
P. 0. Box 1808 
Junf;au, Alaska 99802 
f•H: 907-586-7432 

Subj: Acceptance of Renewal Proposal:R.U. 435 
. ' 

We have reviewed the enclosed proposal, Modelling of Tides and Circulations 
Of the Bering Sea, and recommena itS"COI)tinued funding at the level 
requested; 98,134 for FY 78. Plans for acquisition of sufficient data 
to drive and verify the model have been initiated and it appears feasible 
to meet his minimum requirements for data. 

Please send an acceptance letter to Dr. Leendertse and initiate contracting 
with the Rand Corporation. 

cc: Dr. Leendertse 
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Rand 
SANTA MONICA, CA. 9040& 

Dr. Herbert E. Bruce 
Outer Continental Shelf Enviro~ental 

Assessment Program 
Bering Sea-Gulf of Alaska Project Office 
P.O. Box 1308 
Juneau, Alaska 99802 

Dear Dr. Bruce: 

August 19, 1977 

Proposal No. 77-154 

The original and nine copies of our proposal for the continuation of 
modeling work of the Eastern Bering Sea and the Northern Sound are 
enclosed. 

The work, which was outlined in your request for proposal by letter 
dated May 18, 1977, RFx41-435-272, assumes that our present contract 
work would have advanced .up to a point that the models would be more 
or less adjusted.. According to our previous planning for a period of 
48 months by our proposal No. 76-010-1 submitted by our letter of 
November 14, 1975, to Mr. J. Fletcher, we would only enter adjustment 
of the model extensively in the second phase (second year of our 
study). In that phase we would also perform a series of experiments 
to determine influence of wind and tide conditions on transports, 
determine response functions for water levels and currents for a nlli~er 
of stations and report on the adjustment and new locations of the model. 
In the third phase of a 24-month duration, we would more extensively 
deal with the pollution problem. 

In view of the fact that our investigators are now working with two 
models and also that it is becoming apparent that the boundary data 
will be difficult to obtain, it is not realistic to assume that exten
sive risk planning data, contaminant trajectory data and other data 
needed for pollution event counterneasures would become available already 
at the end of the proposed contract period ending September 30, 1978, 
as you suggested in your letter, 

The enclosed proposal for the continuation of modeling work contains.our 
proposal not only for the next 12-month period, but also for the 

THE RAND CORPORATION, 1i00 MAIN STREET, SANTA MONICA, CALIFORNIA 90406, PHONE: (213) 393-0411 
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Dr. Herbert E. Bruce 

\ 

August 19, 1977 
Proposal No. 77-154 

follo1dng years. Naturally, the proposals for the final years 1979 
and-1980 are tentative dependingo[). the outcome of the 1978 studies. 

It is assumed that the result:ant contract for the study now proposed 
will be on a ·cost-plus-fixed-fee basis. For f~scal year 1978 starting 
October 1, 1977, and ending September 1978, the cost-plus-fixed-fee 
will be. :$98,134; for the second year (1979) the cost-plus-fixed-fee 
is nm-t estimated at $99,730; and for the final year (1980) the cost-plus
fixed-fee is now estimated at $99,843. This'proposal will remain firm 
for a period of sixty (60) days from the date of this letter. 

If there are any questions of a substantive nature, please contact 
Dr. Leendertse; administrative or contractual ~tters should be. 
referred to !\-Irs • .Ann F. Dunbar, Contract Administrator, at (213) 393:...0411. 

Very truly yours, 

THE RAND CORPORATION. 

ORIGINAL SIGNED BY 
J. S. KING, JR. 

J. S. King, Jr. 
Treasurer 

. Enclosures: Proposal No. 77-154, Original and 9 copies 

193 



A. Cover Page 

Title of Proposal: 

Research Unit Number: 

Contract Number: 

Proposed Dates of Contract: 

Principal Investigator(s): 

Institution & Departrrent: 

Date of ·Proposal: 

Required Signatures: 

Accumulation of Organic Constituents and 
Heavy ~letals from Petroleum Impacted 
Sediments by Marine Detritivores 

454 

2311102778 

J. W. Anderson (Project Director) 
E. A. Crecelius 
R. G. Ri 1 ey 
G. Roes·ijadi 

Battelle-Northwest Laboratories 
Ecosystems Department 
Marine Sciences Section 
Route 5, Box 1000 
Sequim, Washington 98382 

Principal r~fr 11 , t? J,_ 

Name ~ ~· ~ 
Address Battelle Marine Research Lab. 

Date 6/20/77 

Route 5, Box 1000 

Sequim, WA 98382 ephone Numbe 206/683-4151 

Required Organiz~·t .. 1o~Prof~]: .. 
Name I\ ,, ( u.tl" 6'----'v:>-. Date 6/24/77 

· tV ._.... 
Addre::;s Battelle, Pacific Northwest Laboratories, P. 0. Sox 999, 

Ri c.hl and, WA 99352 Te 1 ephone Number 509/946-2426 
--~----~----~---------------

Organization Financial· Officer: 
·' . Name .:.:_ ·.'. ,. . ' . Date 6/24/77 

Address Battelle, Pacific Northwest Laboratories, P. 0. Box 999, 

Richland, WA 99352 Telephone Number509/946-2212 
--------------------------~-

194 



c. TECHNICAL PROPOSAL 

I. Title and Research Unit Number: 

Accumulation of Organic Constituents and Heavy r~etals from 
Petroleum Impacted Sediments by Mari.ne Detriti vores 

NOAA 454 

II. Principal Investigator(s): 

J. w. 
E. A. 
R. G. 
G. 

Anderson (Project Director) 
Crecelius 
Riley 
Roes i j adi 

III. Cost of Proposal: 

Total: $117,000 

195 



In the original 1976 RFP, it should be noted that NOAA/BLM wished the 
contractor to provide data on the effects of sediment-bound hydrocarbons and 
the presence and possible effects of metabolic products. We explained in 
our proposal that such research \vas beyond the scope of a 15-month project 
funded at $150,000, and, furthermore, these data vmuld be more readily 
derived after some knowledge of hydrocarbon uptake had been obtained. He 
have progressed to the point that we know the magnitude of uptake for several 
specific compounds under closely controlled conditions. We are now empha
sizing longer-term studies (40 to 60 days} in order to establish whether 
continued uptake occurs during prolonged exposure. This research will incor
porate uptake determinations of C14 -labeled comoounds and their metabolites,. 
other petroleum hydrocar~~f? and trace metals. In 
addition, the duration of exposure will be sufficient to elicit effects 
measured by alterations in the "condition index, 11 and the tissue levels of 
specific amino acids. 

V. OBJECTIVES: By both laboratory and field experiments, the uptake of 
petroleum hydrocarbons and heavy metals from oil-impacted sediment ~tlill be 
measured. Prudhoe Bay Crude (PBC) oil will be used in all experiments, and a 
fiberglass-lined cement mixer will be used to mix all large batches of sedi
ment with PBC. Two detritivores (Hacoma inquinata and Phascolosoma agassizii) 
have proven to be suitable for this research and \<li 11, therefore, be uti 1 i zed 
in subsequent work. In addition to describing the rates and magnitude of 
heavy metals and hydrocarbon uptake by both animals, we will determine the 
effects of 1 iving in an oiled substrate for 40 to 60 days on the "condition 
index" and levels of specific amino acids in Macoma. 

When C14-labeled hydrocarbons are used, we will be periodically measuring 
the levels of C14-activity in water, sediment and tissue. Fin~l and inter
mediate tissue samples will be extracted and the solvent analyzed simultaneously 
by high-pressure liquid chromatography (HPLC) and liquid scintillation counter 
(LSC) to determine the percent of total activity produced by contamination 
from the parent compound. While it would be of interest to identify the 
various metabolites in tissues produced from the parent hydrocarbon, it is 
beyond the scope of research and funding in FY1978. · 

Analyses of sediment and tissues from field experiments will be conducted 
by use of capillary gas chromatography (CGC} and mass-spectrometry (when 
necessary). As shown in Table 3 (Appendix}, we have already used CGC to 
determine the concentration of saturates and aromatics, through dimethyi
phenanthrenes in sediment samples. HPLC wethods are being developed to analyze 
aromatics 7 0f higher molecular weight. 

As our Annual Report illustrates, the use of x-ray florescence for 
detection of a wide range of heavy metals in oil, sediment and tissues (Tables 
12 and 15, Appendix), has proven to be very efficient. We \<fill continue to 
utilize this approach, but supplement these field studies with laboratory 
exposures incorporating radio-labeled heavy metals. By neutron-activation of 
oil, detritus and sediment, isotopes of metals including Co, Zn, Fe, Cr, and 
Sc will be produced. We will, therefore, be able to use very sensitive 
tracer techniques to determine both accumulation and possible exchange {vtith 
or without actual accumulation) of metals from the sediment environment to 
organisms. 
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The data generated in these studies will provide much needed information 
of the bioavailability of sediment-sorbed hydrocarbons and their effects on 
t~e benthO$:- ~also show '1'/heth:r or not heavy metals in oil or 
o1lea substrate are biDaVan-atrle or tox1c. 

VI. GENERAL STRATEGY AND APPROACH: Our general approach to the uptake 
of metals and hydrocarbons from oil-impacted sediment will be very much like 
that of FY1977, since that research has been quite ptoductive. 

Laboratory Studies 
When radio-labeled organic compounds or metals are used, exposure~ must 

be conducted in our laboratory flowing seawater system, with proper precautions 
taken to retain isotopes in a closed system or adsorb them on charcoal filters 
(hydrocarbons). One or both of t'I'JO exposure systems will be utilized in 
these laboratory studies. To determine the relative amounts of C14-labeled 
hydrocarbon uptake from sediment and the overlying water, closed aquarium 
exposures will be conducted. Two groups of animals will be present within a 
given aquarium, but only one will have access to contaminated substrate. The 
second group, which will be suspended in clean sediment above the oiled sub
strate, 'l'lill serve as a monitor for uptake from the water column. This same 
basic approach will be· used in studies involving uptake of metals isotopes, 
since a portion of these may also be released from sediment to interstitial 
space and finally to the water column. In these isotope uptake studies, 
there will be no need for other types of tissue controls, but quench tests 
will be conducted before attempting to prepare a balance sheet for isotope 
transfer. Since metals may very well be exchanged between the sediment 
environment and benthic organisms, ¥/ithout a net transfer, this exposure 
system is designed to evaluate this possibility. Even if there is no accumu
lation we will be able to describe the rates of exc~ange from activated oil 
and detritus to organisms. 

A second laboratory exposure system which v1ill be utilized, is a flowing
tidal flux apparatus. An example of research conducted in this system is the 
benzo[a]pyrene uptake study shown in Fig. 2 (Appendix). Sediment trays with 
fiberglass~mesh bottoms, containing substrate contaminated with oil plus Cl 4 -
hydrocarbons, will receive flowing clean water, except during periods at which 
our intertidal zone would be exposed to air. With a timing device, a pump on 
each tank is activated and, thus, the water level slowly drops below suspended 
trays and remains at 11 low tide 11 stage for one hour. This serves to simulate 
the environment of these intertidal detritivores and also aerates the inter
stitial spaces .of the sediment, inhibiting the formation of an anaerobic 
layer. During the course'of the 40 to 60-day exposure, tissue samples·and 
sediment cores will be taken to determine the fate of compounds in the sediment 
and the uptake rates by organisms. Any C14-activity released from the sediment 
to the water in this flowing system v1ill not be accounted for, but will be 
collected on charcoal filters for safety purposes. Tissue extracted will be 
analyzed by both LSC and HPLC to determine the extent of total C14-activity, 
and the percent present as original parent compound. Hhere time and reference 
compounds are available, preliminary identification of metabolites will be 
conducted. This type of research should be expanded in FY1979, when other 
aspects of this investigation are well understood. 

197 



Field Studies 
Obviously, the natural environ~ent is the best location for determining 

the fate of oi 1 and e.ffects of oi 1-contaminated sediment. We have demonstrated 
the useful ness of field exposures to oiled sediment during FY1977. Uptake of 
di- and tri-aromatic compounds by both t4acoma and Phascolosma has been observed 
and reported (Fig. 1, Appendix). Preliminary results indicate that the 
"condition index" of Macoma may be reduced by exposure to oiled sediment for 
long periods (1 to ·2 months). \~e intend to continue these experiments with 
larger numbers of organisms so that uptake of both hydrocarbons and metals 
and effects can be more closely defined. In addition, the specific charac
teristics of tissue hydrocarbon contamination will be determined by use of 
CGC and HPLC analyses. In each experiment, two to three hundred r~1acoma ~'lill be 
placed in both clean and oil-contaminated sediment, contained vlithin fiberglass 
trays with mesh bottoms. As before, oil will be uniformly mixed with sediment 
in our fiberglass-lined cement mi~hus, avoiding contamination by metals. 
iilese wi 11 be set i . . one near the 1 aborator . At 40 to 60-day 
intervals, animals will be removed for ana yses of heav ls (x-ray 
florescence), petroleum hydrocarbons (CGC and/or HPLC) and condition. The 
condition of the exposed and control clams will be determined by measurements 
o·f shell length vs. ash-free dry weight (de\~ilde, 1975), and by amino acid 
analyses of fresh tissues. While fluctuations in the condition of bivalves 
during the year is considered normal (Trevallion, 1971; Ansell and Sivadas, 
1973), we vlil1 be comparing control and exposed organisms over the sa~.e time 
period. As early as 1972, ffries noted that the bivalves, Mercenaria, 
collected from clean and ~ed re~ . · · 
amino acid to another. Ba~),recently reported that this 
was also the case for Mytilus edulis under conditions of temperature, salinity 
or food stress. It is, therefore, likely that analyses of amino acid content 
of exposed vs. control Macoma will provide ratios such as taurine:glycine, 
which differ significantly. Unlike the results of Jeffries (1972), v1e will 
b~ able to closely describe the charact~ristics of the exposure in a quali
tative and quantitative fashion. Other aspects of the biology of bivalves, 
including "scope for growth" and cytochemical alterations (Bayne et al., 
(1976), would be suitable parameters to measure, but time and funding will not 
allow the studies to be conducted until FY1979. 

. As noted above, subsamples of the clams will be analyzed for both metals 
and hydrocarbon content, such that correlations betvteen uptake and effect 
can be determined. As illustrated in our Annual Report, x-ray florescence 
anQlyses provide quantitative data on Al, SiR P, S, Cl, K, Ca, Ti, V, Cr, Mn, 
Fe, Ni, Cu, Zn, Se Pb As Co, Ga Hg, Br. JL and Sr. In 1a61e 15 ~Appendix) 
o 1s report, we have shown the natural levels of these metals in Macoma 
and an estimation of sample variability. We need .only to compare the content 
of clams from future exposures to these 11 baseline" values to evaluate the 
extent of metals uptake when exposed to oil-impacted sediment for long periods. 

Additional tissue subsamples as well as sediment cores will be analyzed by 
CGC and/or HPLC for content of specific petroleum hydrocarbons. As in other 
studies (Table 3, Appendix), we will provide data on the changes in sediment 
contamination levels over the course of the field exposure. Clam tissue will 
be analyzed in a similar fashion to determine the extent of uptake by specific 
saturate and aromatic compounds. Results of these experiments can then be 
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compared to those of laboratory tests (C 14-hydrocarbons) and earlier field 
experiments to validate present findings (Table 1 and Figs. 1 & 2, Appendix) 
and expand our knowledge to other hydrocarbons. It is expected that some 
time and funds will be available to utilize HPLC for determinations of 
polynuclear aromatics in tissue and sediment, but the majority of this effort 
should be put forth in FY1979. 

VII. SAt•1PLING METHODS: In general, this category is not appl icabTe to 
our experimental study, as all sampling will be conducted within our exposure 
containers. 

VIII. ANALYTICAL METHODS: Biological analyses Nill include determinations 
of "condition index" (de Wilde, 1975) and tissue amino acids. The conditi~n 
index of Macoma will be derived from the foll~wing: · 

ash-free dry weight 
------- X 1000 

length 3 
(de l~il de, 1 9 75) 

Tissue samples for amino acid analysis will be homogenized in 7% TCA, centri
fuged to remove particulates, and TCA removed by extraction with diethylether 
before freeze-drying the. sample. The frozen sample -wi 11 be shipped to AAA 
Laboratory, Mercer Island, Washington, and taken up in citrate buffer for 
analysis by ion-exchange chromatography, using either a Durrum Analyzer 
(D-500) or a Beckman, Spinco 1208. Lowell H. Ericsson, also a research 
associate at the University of Washington, will be responsible for producing 
and reporting data similar to that shown in the Appendix. 

Triplicate 20-gram sediment samples wi 11 be extracted by shaking glass 
bottles with Teflon-lined caps for 24 hours at room temperature (2l°C). The 
bottles will contain 20 grams of anhydrous sodium sulfate (for water removal) 
and 50 ml of hexane (Burdick & Jatkson). Tissue samples will be digested and 
extracted following the methods of Warner (1976). Appropriate amounts of each 
sample vii 11 be concentrated to 1 ml and col umn-chromatographed according to 
the method of Warner (1976). Saturate and aromatic fractions will be analyzed 
by gas chromatography on a 30-meter SE-30 glass capillary column (J&W Scientific) 
programmed from an initial temperature of 70°C to 250°C at.a rate of 4C/min. 
Internal standards will include 2,6,10-trimethyldodecane and hexamethylbenzene 
and peak areas, and intern'al standard calibrations will be determined with an 
Autolab Systems IV co.mputer-integrator. ~there identifications are required, 
a Hewlett Packard 5980A quadrapole mass spectrometer, operating in the argon 
chemical ionization mode and employing single ion monitoring will be utilized. 

Where the use of HPLC may be productive, hexane, or perhaps other solvents, 
will be used to extract sediment and/or tissues. Sediment hydrocarbons have been 
analyzed in the past by injection of 3 microliters of hexane in 3 - series
coupled 1/8 inch x 2 feet Durapak oxypropionitrile on porasil C columns 
O·laters Assoc.) using hexane as mobile phase and 2.0 ml/min flow rate. 
Validation was obtained with dodecane, benzene, naphthalene and anthracen~ 
to demonstrate separation into saturate, monoaromatics, diaromatics and 
polyaromatic fractions. Saturates were detected with a Waters R-401 differential 
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refractometer, and aromatics v1ith a Schoeffel variable wavelength U.V. 
detector set at 221 1-1m. · 

Heavy metals in tissue samples will be determined by the method 
described by Nielson (1977), utilizing x-ray florescence analysis. Gamma 
counting techniques will be used to determine the extent of metals exchange 
from sediment to organisms. Oil, detritus and sediment containing gamma
emitting isotopes will be produced by neutron activation of these substrates 
(Shah et al., 1970a, b). 

IX. ANTICIPATED PROBLEMS: The only problems anticipated regard the 
generation of all the data on biological effects, as 1ve1l as uptake of hydro
carbons and metals for the amount of funding requested. Certainly, this much 
r~search can not be produced for $90,000, but with very careful allocation of 
t1me and effort we expect to accomplish our objectives for $124.604. The __ 
enclosed Budget Justification will explain the expense of "state-of-the-art'' 
research proposed and indicate the cost of each task. 

X. DELIVERABLE PRODUCTS: Products vthich will be supplied include 
narrative reports describing experimental methods, results and a discussior 
of the significance, as compared to other data and the literature. Within 
reports will be tabular and graphical presentations of hydrocarbons and 
metals accumulation under well defined exposure conditions. We also plan 
to submit manuscripts for NOAA/BLM review and approval before sending such 
to journal or symposium editors. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS: There are no 
absolute requirements for data from other researchers, but information of 
hydrocarbon and metals analyses of tissue and sediment will be helpful. We 
would expect to see these data in the Monthly Roports of OCSEAP investigators. 

XII. QUALITY ASSURANCE PLANS: As an ERDA laboratory, we have well 
defined quality assurance procedures and representatives to monitor these 
precautions. Battelle's quality assurance program is set forth in the manual 
(BNWL-r1A-65 REV.) entitled "Quality Assurance." It sets general guidelines 
under which each department develops a quality assurance program to meet the 
specific needs of their research. The Ecosystems Department guidelines are· 
set forth in the Departmental Quality Assurance Procedures manual, BN!~L-r~-590. 
The manuals are av~ilable to sponsors, or potential sponsors, upon request. 

XIII. SPECIAL SAMPLE AND VOUCHER SPECIMEN ARCHIVAL PLANS: It is our 
normal procedure to retain replicate sediment samples in our low-temperature 
(-75°C) freezer in the event they are required. Normally, all tissue samples 
are analyzed, but in some cases, replicates may be retained in the same 
freezer. 
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XIV. LOGISTICS REQUIREMENTS: Not Applicable 

XV. ~lANAGEMENT PLAN: The project director 1vill be Jack W. Anderson, 
and he will be responsible for coordinating the proposed research and reporting 
the findings. It is of particular significance that we intend to conduct 
research on biological effects, hydrocarbon metabolism (from microbial 
activity), uptake of heavy metals and uptake of petroleum hydrocarbons. In 
both field and laboratory studies, more samples win~be generated than we· 
have the manpower and funding to analyze. One of Dr. Anderson 1 S most 
important tasks will be selection of most significant samples, based on 
experience and findings from recent and past analyses. 

The time schedule for production of milestones is shown in the following 
chart, and it is assumed that reports which fall on January 1 ~ April 1 (Annual 
Report), July 1, and October 1 will incorporate data generated during the· 
preceeding quarter. Of course, the Annual Report (April 1) will contain a 
summary of all research conducted thro·ugh ~1arch 1978. 
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XVI. OUTLOOK: Much of the research proposed in FY1978 is that which 
attempts toenhance 11 State-of-the-art 11 methods of analysis. It is likely, 
therefore, that techniques such as HPLC separation of metabolites from the 
cr: ... _labeled parent compounds will require time for developmen·t. We expect to 
produce a limited number of analys'es of this type during FY1978, but rate 
studies and metabolite identifications must be conducted during FY1979. 
Limitations will also be placed on the identificat.i.o.n of specific hydrocarbons 
in exposed tissues, since the funds available will not allow extensive 
capillary GC-MS analysis. By retaining tissues and extracts from FY1978 
studies for later. identification, we will be able to rapidly generate these 
GC-MS data during FY1979. Once identification and verification has taken 
place, we can glean much more from our CGC analyses, both pre~ent and future. 

Emphasis in biological studies during FY1979 must await the findings of 
present research. It is anticipated that both 11 COndition index 11 and amino 
acid analyses will provide valuable information on the stress of hydrocarbon 
contaminated sediment. Logical extensions of this research are analyses of 
cytochemical alterations and "scope for growth 11 (Bayne et al., 197Ea ... b}. Beth 
of these parameters appear to be very sensitive to natural stresses, but they 
require a significant effort to evaluate. Only if present biological effects 
studies prove successful, will we attempt to investigate these parameters in 
FY1979. 
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Since each phase of our experimental approach must be based on the 
findings of the last phase, it is only possible to outline .studies for 
FY1979 at this time. It would appear that during FY1980, we would be able. 
to construct.models for transport of hydrocarbons and heavy metals from 
water and sediment. At this time, it would be possible to see ~·Jhere data 
are 1 acki ng to fully eva 1 uate the fate and ~ffects of petroleum hydrocarbons 
in the marine environment. 

Recommended Research in FY1979 

Topic 

Biological studies on cytochemical 
alterations, 11 scope for growth 11 

and metabolite uptake and effects 

Hydrocarbon Studies 
Metabolite identification and 
separation (HPLC and CGC) 

Identification of polynuclear 
aromatics in organisms exposed 
to oiled sediment (CGC and CGC-MS) 

TOTAL 

Cost 

70K 

40K 

40K 

. 150K 

XVII. 1. Updated Activity/Milestone/Data Management Charts will be submitted 
quarterly. · 

2. Quarterly reports will be submitted in sufficient time during the 
contract year to be in OCSEAP hands by the first day of January, 
July, and October; annua 1 reports by April ·1. The Fi na 1 Report 
will be submitted within 90 days of the termin~tion of the contract. 

3. Where biota are concerned, all species and higher categories will 
be represented by the voucher specimens that wi 11 be preserved, 
labelled, held, and shipped to an official OCSEAP-designated reposi~ 
tory in conformity with OCSEAP voucher specimen policy. Vouchering 
\"Jill include life history stages (e.g., larvae, juveniles, adults) 
when they are used, and sexes where these are morphologically 
distinguishable. 

4. At the option of the Project Office, 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 \'Jill be provided in the form and format specified by OCSEAP, 
accompanied by a data documentation form (NOAA 24-13). 
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6. Data will be submitted \'lithin 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. 

7. Within 10 days of the completion of a cruise or data gathering 
effort, a ROSCOP data collection inventory form (NOAA 24~23 ~,oJill 
be submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains with 
the U.S. Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release for information and 
for forwarding to BLM. The release of such material within a 
period of less than sixty (60) days ·shall be made only with prior 
written consent of the Project Office. News releases will first 
be cleared with the appropriate Project Office. 

10. All publications and presentations of material developed under 
OCSEAP funds wi11 acknowledge BLM/OCSEAP sponsorship. The 
following acknowledgment is standard. 

11 Thi s study was supported by the Bureau of Land 
Management through interagency agreement with the 
National Oceanic and Atmospheric Administration, 
under which a multi-year program responding to 
needs of petroleum development of the Alaskan 
continental shelf is managed by the Outer 
Continental Shelf Environmental Assessment 
Program (OCSEAP) Office. 11 
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HILESTONE CIIART 

RU #: __ ~4~5~4 __________ __ PI: J. W. Anderson 

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

t~AJOR mLESTONES 1977 1978 
-6 N D J F M A ~1 J J A s 0 N 

l. 60 day laboratory uptake of radio-labeled metals in 
oiled-sediment. 8 

2. HPLC analyses of Macoma C1 ''-activity from benz(a)pyrene 8 60 day sediment exposure. 
I 

3. 60 day field exposure to oil-contaminated sediments on 
Macoma., Pltascolosoma. and P:r>oi;othaca. 8 

4. Analyses of "condition index" and tissue amino acids 
from Mauoma (5 below) (3 above). {\, 

5. Analyses of heavy metals and hydrocarbons in Macoma 
from (3) above. /1. 

6. 60 day laboratory uptake of C 1 ~-Phenanthrene and 
metabolites by Macoma. A 

7. 60 day laboratory uptake of C1 '*-Chrysene and met abo 1 ite~ 
by Mr.woma. A 

l 

8. Initiate 2nd field exposure of 3 species and terminate 
2 months later. 6. A 

9. 1\naly'ses of Macon~ condition index and amino acids 
fro111 2nd field experiment. t. 

-

T 
~- ---

10. Analyses of metals and hydrocarbons in tissues and 
sediment from (8). fj 

A Planned Completion Date A Actual Completion Date 

0 

' 
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I 
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PROVISIONS FOR 
GOVERNMENT CONTRACTS 

It is planned that the research program, or some part ; 
thereof, will be performed at.the Pacific Northwest Laboratory, 
owned by' the Energy Research and Development Administration 
(here.after referred to as ERDA) and operated f.or ERDA by Pacific 
Northwest Laboratories, a division of Battelle Memorial Institute 
(hereafter referred to as Battelle-Northwest) under Contract 
EY-76-C-06-1830. Battelle-Northwest is authorized to use the 
Pacific Northwes.t Laboratory facilities and property for per
formance of the proposed research program, under the terms of 
the Use Permit Contract EY-76~C-06-1831. To implement the pro
visions of the Use Permit, the following clauses should be 
incorporated into any contract resulting from this proposal. 

1. SOLE ACCOUNT OF BATTELLE-NORTHWEST 

This agreement is not entered into by Battelle-Northwest 
for the account of the Government or ERDA, but is 
for the sole account of Battelle-Northwest. 

2. USE OF GOVERNMENT FACILITIES &~D PROPERTY 

Performance of the work hereunder shall be contingent 
upon the continuing availability to Battelle-Northwest of 
the Government facilities and property, and the personnel 
necessary to conduct the work. Neither Battelle-Northwest, 
the Governm~nt or ERDA, nor their officers, employees, or 
authorized representatives shall be liable for any loss 
sustained by · 

OUTER CONTINENTAL SHFI F ENVIRONMENTAl ASSESSMENT PROGRAM 
(hereinafter referred to as "Sponsor") or others, where such 
loss is directly or indirectly attributable to the cessation 
or suspension of activities under this agreement at the 
request of the Government under Contract EY-76-C-06-1831. 

3. PATENTS 

(a) ERDA has waived any and all claim, rights 
and title which it may have or be entitled.to pursuant to. 
Section.l52 of the Atomic Energy.Act of 1954, as amended, 
with respect to ·any invention or discovery made or conceived 
by Battelle-Nort;.h~vest or its employees or consultants, or by 
the employees or consultants of the Sponsor in the course of 
or under the agreements or activities undertaken hereunder 
oursuant to Use Permit C~ntract EY-76-C-06-1831, excepting, 
however, that where scientific or technical information and 
data developed hy Battelle-Northwest after January 1, 1975, 
in the performance of work for ERDA under Operating 
Contract EY-76-C-06-1830, but not reported to EFnA on an 
unrestricted basis, {hereinafter referred to as 11 ERDA 
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Information and Data"), were specifically necessary for 
the making of any invention or discovery useful in the 
production or utilization of soecial nuclear material or 
atomic energy, or specifically-necessary and actually used 
to demonstrate operability of such invention or discovery, 
ERDA has specifically reserved a nonexclusive, irrevoc
able, royalty-free license for use in the production or 
utilization of special nuclear material or atomic energy 
for Governmental purposes in any such invention or discovery 
and any patent application or patent that may result; pro
vided, however, that nothing in this agxeement shall.be 
deemed to modify or alter ERDA's rights with respect to 

.any invention or discovery made or conceived in the 
course of or under Operating Contract EY-76-C-06-1830, 
wherein ERDA'has the sole power to determine title 
to and rights under any invention or discovery made or con
ceived by Battelle-Northwest, its employees, and certain 
subcontractors in the course of or under Operating Contract 
EY-76-C-06-1830. For purposes of this clause scientific or 
technical information'and data which are publicly available, 
or available to Battelle-Northwest other than through its 
performance of the Operating Contract EY-76-C-06-1830,·or 
obtained by Battelle-Northwest from other ERDA contractors 
without limitations as to use, shall not be deemed to be 
"ERDA Information and Data." To the extent necessary to 
enable ERDA to determine the Gover~~ent's rights under 
this clause, Battelle-Northwest shall afford ERDA the 
right to inspect the original records of inventions 
based on said 11 ERDA Information and Data ... 

(b) Battelle-Northwest shall promptly report to the 
Sponsor and to ERDA any invention or discovery covered 
by the exception in paragraph (a) above and will advise 
ERDA within six months of such reporting as to whether 
Battelle-Northwest or the Sponso~ intends to file a 
patent application _wlth respect to such invention or 
discovery; provided, however, if Battelle-Northwest or the 
Soonsor adviSes ERDA that neither desires to. file, 
ERoA may file any patent application, domestic or 
foreign, as it determines appropriate. If Battelle-prorthw,est 
or.the Sponsor does not file a united States patent applica
tion within one year of reporting such invention or discovery, 
ERDA, if it desires to file any patent application, will 
so notify Battelle-Northwest and Battelle-Northwest will 
notify the Sponsor, and if Battelle-Northwest or the 
Sponsor does not file within 60 days after.date of 7uch. · 
notificationby ERDA, ERDA may file any patent appl~cat~on, 
domestic or foreign, as it determines appropriate. If 
ERDA files a patent application, all right, title, and 
interest in and to such invention or discovery shall 
be assigned to ERDA, subject to retention by Sponsor or 
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Battelle-Northwest of at least a nonexclusive, irrevocable, 
royalty-free license for its own uses. With respect to 
any such filing, the Sponsor agrees that it will execute 
all documents and do all things necessary and proper to 
assist ERDA, and will use its best efforts to secure from 
its employees and consultants the execution of all documents 
and have them do all things necessary and proper to assist 
ERDA·. 

{c) No claim for pecuniary award or compensation under 
the provisions of the Atomic Energy Act of 1954, as amended, 
shall be asserted by Battelle-Northwest or its employees and 
consultants, and employees and consultants of the Sponsor 
with respect to any invention or discovery based on said 
"ERDA Information and Data" to the extent described in 
paragraph (a) of this clause in the course of or under the 
arrangements or. activities undertaken pursuant to Use-Permit 
Contract EY-76-C-06-1831. 

{d) Except as otherwise authorized in writing by ERDA, 
Sponsor will obtain patent agreements to effectuate the 
purposes of paragraphs (a), {b) , 'and (c) of this clause from 
employees or consultants of the Sponsor-while assigned to 
work at the Government-owned facilities or while utilizing 
the Government-owned property, except such clerical and 
manual labor personnel as will not have access to technical 
data. 

4. ACCESS AND TECHNICAL DATA 

(a) .To the extent necessary to fulfill the responsi
bilities of ERDA under the Atomic Energy Act of 1954, as. 
amended, or any other law, or for the purposes of determin
ing compliance by Battelle-Northtvest with terms of Use 
Permit EY-76-C-06-1831, ERDA, at all reasonable times, shall 
have access to all or any part of the Government-owned 
facilities and shall have the right to inspect all activities 
conducted therein; provided, however, that ERDA's right to 
inspect shall not include the right to obtain technical data, 
except as hereinafter provided. 

{b) The Gover~~ent shall have the right to use, in the 
production or utilization of special nuclear material or 
atomic energy, for Governmental purposes, any information or 
knowledge contained in any drawings,· sketches, designs, 
data, specifications, technical and scientific data, photo
graphs, negatives, reports, findings, recommendations, and 
memoranda of every description (hereinafter called technical 
data), made in the course of or under the arrangements or 
activities undertaken hereunder pursuant to the use Permit 
which specifically results from the use.of said "ERDA 
Information and Data. 11 
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(c) Battelle-Northwest shall furnish to ERDA one copy. 
of any technical data as to which the Government has rights 
under paragraph (b) above. ERDA shall have the right to 
inspect technical data specifically.resulting from the use 
of said "ERDA Information and Data" tvhich is made in the 
course of or under the ~rrangements or activities undertaken 
hereunder'pursuant to the Use Permit, for the purposes of 
paragraphs (a) and {b)· above. · · · 

{d) When furnishing any technical da'ta referred to 
in paragraph (c) above, Battelle-Northwest·0r the Sponsor, 
as the case may be, will make reasonable efforts to identify 
any invention in the field of atomic energy made by Battelle
Northwest or the Sponsor, if not previously reported. 

5 . ACCOUNTING AND REPORTING 

Battelle-Northwest follows cost allocation practices pre
scribed by the Cost .Accounting S.tandards Board· in accumulating 
the costs of work performed for the Government. If, during 
the'period of performance of this work, Battelle-Northwest must 
change its cost allocation practices as·a resultof the promul..;. 
gation.of Cost Accounting Standards Board Rules and Regulations, 
such new practices may be applied prospectively in reporting 
the costs of work hereunder. Battelle-Northwest agrees to 
notify· the Government of the impact of such change~on the 
estimated cost of this work~ and to ~nter good faith negotia-. 
tions to effect an equitable price adjustment for this work. 

October 1976 
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TECHNICAL FACILITIES COSTS 

Technical Facilities Costs are costs incurred by eac!'l 

organizational cost center for the operation of ~~e experimental 

research facilities which support the organization center's 

research efforts. These costs include laboratory supplies such 

as chemicals, glassware, small tools, and laboratory operating 

and maintenance costs. Where a nuclear hazard is present, these. 

costs. also include decontamination and disposal, radiation 

monitoring, criticality, laundering, and similar expense. 

Technical Facilities Costs are allocable to all cost 

center cost objectives based on cost center direct staff labor 

hours. 

Pursuant to understandings between Battelle and the 

Energy Research and Development Administration (ERDA) , the 

allocation rate(s) for each cost center is(are) periodically 

adjusted.as necessary to distribute actual costs on a ·current 

basis to all active ERDA and non-ERDA work of the cost center. 

Any incidental variance between actual cost and allocated cost 

as of fiscal year-end allocable to non-ERDA work is accounted 

for as General and Administrative Expense. 
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E. OTHER INFORMATION 

Research on the fate and effects of hydrocarbons in the marine environ
ments has been conducted .at the Marine Research Laboratory, Sequim, Hashington, 
since 1972. Several of us have been investigating chemical and/or biological 
aspects of hydrocarbon contamination for over 5 years lsee publications of 
Anderson and Blaylock). Roesijadi and Riley have, after obtaining considerable 
experience in related subjects, been involved in petroleum research for about 
2 years. Crecelius has obtained considerable expertise in the study of heavy 
metals in the environment during research at the University of Washington 
and within Battelle-Northwest. · 

Petroleum research at Sequim has been funded by API, ERDA, EPA and 
NOAA/BLM. We presently have projects underway which are funded by the latter 
three government agencies. A majority of EPA/ERDA research concerns the fate 
and effects of hydrocarbons in water, utilizing our flowing oil delivery 
system. There is.one task included in this research which regards the effects 
of oil-contaminated sediment on the recruitment of benthic organisms in the 
field. This is a task which includes some evaluation of hydrocarbon uptake 
from oiled sediment, and is the only area of overlap with NOAA!BU·t proposed 
research. It is indeed complementary, since analytical techniques (CGC and 
CGC-MS) have been developed under EPA/ERDA funding, which will be utilized in 
producing the se~iment and tissue analyses proposed. 

We anticipate receiving additional research funds from NOAA/BLM during 
FY1978, for conducting subcontract research in collaboration with Scott 
Warner (Battelle-Columbus) and Bori Olla (NOAA-Sandy Hook, N.J.)~ The research 
for these projects is clearly defined in the proposals, and the specific tasks 
do not relate to this proposed research, with the exception that it concerns 
effects of hydrocarbons. Both Anderson and Blaylock are funded for a portion 
of their time, but the responsibilities relate to other goals. We are 
requesting funds for static bioassays with fractions furnished by Warner, and 
for behavioral research (with some hydrocarbon analyses} in collaboration 
with Olla. 

Listed in the Cost )ustification section of this proposal are principal 
investigators, their responsibilities and time committed to the project .. The 
enclosed resumes provide information on the education, background, experience 
and accomplishments of the key individuals. 

Any questions of a technical nature should be referred to Dr. J. W. 
Anderson on (206) 683-4151. Questions of a contractual nature should be 
referred. to Mr~ C. A. Counts on (509) 946-2642. 
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TABLE 1. Uptake of nc-polyaromatic hydrocarbons from sediment by Maeo111a inquinata. Clams were exposed 
to sediment containing 2000 ppm crude oil spiked with 10 pC of the hydrocarbon indicated in the 
table. ' 

1 Calculated As Indicated In Text (Annual Report). 
.· 

2 Sediment Magnification Factor = Net Uptake/Geometric Mean Concentration In Sediment. 

3 Seawater Magnification Factor = Uptake From Seawater/Geometric Mean Concentration In Seawater. 



TABLE 3*. Concentrations of saturate and aromatic hydrocarbons (parts per 
million, PPM) in sediment from the day of installation of the 
field experiment. 

Saturates 

c 1 l 

C12. 
cl3 
Cn 
c1 s 
C1s 
cl7 

Pristane 
cl8 

Phytane 
c 19 

Czo 
C2.1 
Czz 
Ca3 
CH 
Czs 
Cas 

Total saturates 
measured 

Concentration 
(PPM) 

13.34 ± 1. 21 
16.11 ± 1. 53 
17.79 ± 1.82 
17.44 ± 2.39 
19.39 ± 2.94 
18.84 ± 3.00 
17.03 ± 2.92 
10.74 ± 1.95 
16.20 ± 3.22 
8.05 ± 1.43 

18.79 ± 3.00 
16.40 ± 2.88 
17.56 ± 3.09 
16.02 ± 3.37 
15.18 ± 2.65 
13.80 ± 2.84 
11.71 ± 2.47 
10.21 ± 1.97 

274.61 ± 42.32. 

MN = Methy1naphtha1ene 

DMN = DimethyJnaphtha1ene 

TMN = Trimethylnaphtha1ene 

MP = Methy1phenanthrene 

Aromatics 

Naphthalene 

2-~1N 
1-r1N 
Total 

1-ethyl + 2-ethyl 
Naphthalene 

2,6 + 2,7-DMN 
1 ,3 + 1 ,6-Dr1N 
1,7-DMN 
1,4 + 2,3 + 1,5 DMN 
1,2-DMN. 
Total 

H1N-1 
TMN-2 
TMN-3 
TMN-4 
2,3,6-TMN 
TMN-5 
Total 

Phenanthrene 

MP-1 
MP-2 
MP-3 
MP-4 
Total 

Cz-phenanthrene-1 
C2 -phenanthrene-2 
Cz-phenanthrene-3 
Cz-phenanthrene-4 
Total 

Total aromatics 
measured 

_j 

Concentration 
(PPM) 

7. 20 ± o. 77 

14.31 ± 3.10 
10.51 ± 2.90 
24.82 ± 5.32 

6.93 ± 0.35 

9.52 ± 0.75 
9.93 ± 0.94 
7.81 ± 0.64 
9.14±0.72 
1.60 ± 0.45 

42.68 ± 2.74 

3.80 ± 0.64 
3.65 ± 0.55 
5.69 ± 1.11 
4.26 ± 0.76 
2.08 ± 0.24 
5.99 ± 0.77 

28.44 ± 6.10 

. 3.05 ± 0.85 

2.74 ± 0.56 
2.34 ± 0.40 
3.94 ± 1.71 
3.49 ± 1.67 

12.53 ± 4.31 

7.30 ± 1.56 
2.36 ± 0.68 
2.56 ± 0.44 
2.47 ± 0.87 

14.70 ± 3.52 

140.35 ± 23.96 

* From Proceedings of the EPA Workshop on Interagency Energy/Environment Program, 
Newport, Rhode Island, March, 1977. 
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TABLE 12. *Trace e1e:'7lent concentrations in Prudhoe Bay Crude oil. Sar.mles 
represent oil from two different barrels and were analyze~ 
by- neutron activation analysis. · 

Element · c 0 n c e n t r a ... i o n (~g/g )· I. 

Sarrm 1 e Samo 1 e 2 

fla <0.06 0.097 
r·tg <30 <33 

Al <0.5 <0.5 

Cl <1 0.95 

K <4 <1.4 

Sc <0. 001 <0.001 

v 20.9 18.0 

Cr- <0.21 <0.15 

Nn <0.'04 <0.02 

Fe <1.6 <1. 7 

Co 0.018 0.017 

Cu <5 <3 

Zn 0. 31 0.31 

As <0.03 <0.01 

Se <0.3 

Br 5.73 2.75 

Rb <0.06 <0.08 

In <0.005 <0.003 

Sb <0.002 <0.002 

Cs <0.002 . <0.001 

Ba <23 <8 

La <0.01 <0. 01 

Sm <0.002 <0. 001 

Eu <0 .001 <0. 001 

Tb <0.007 <0.005 

Ta <0.0£:. 

Hg <0.03 <0.03 

Th <0. 008 <0.006 

* From the Annual Report to the NOAA, Contract No. 2311102778, April, 1977. 
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TABLE 15. * Analysis of trace eler:ents in Nc.ccr.:a irr.qu-=.r:.at.::z by x-ray 
fluorescence. Estimation of· sample variability. 

' 

Element Sample size 1 Concfintra tion Cug/g} 
x ± 2 S.L 

c 10 4,651 ± 686 I 

s 10 15 J 37 4 ± 591 

Cl 10 53~859 ± 3,695 

K 10 13,504 ± 245 

Ca 10 2,003 ..,.. 140 
q-; 10 23.7 - 9.5 

v 3 3.58 ± 0.45 
{r 5 3.92 ± 0.60 

-t•ln 10 9.136 ... 1.043 

-Fe 10 315.2 ± 31.3 

-Co 4 2.497 + 0.442 

Ni 10 3.282 ± 0. 391 

Cu 10 8.108 ± 0.374 

-.zn 10 i95.2 12.5 .... 
.;.. 

'Ga 10 n.d. 2 

ng 10 n.d. 

Se 10 3.177 ± 0.188 

·Pb 3 0.815 ± 0.680 

As 10 l 0. 319 = 0.368 

Br 10 262.5 ... 17.. 8 -
-Rb 10 n .d. 

Sr 10 29.59 ± 2.46 

lin sample size <10, the rema1n1ng samples (= 10-n}·were below detection 
limits. Nine to ten clams comprised a single samole. 

2n.d. = not detectable. 

* From the Annual Report to the NOAA, Contract No. 2311102778, :l.pril, 1977. 
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Figure 1. Concentrations of aliphatic (C 12 - C28 ), diaromatic, and 
triaromatic hydrocarbons in Phascotoso~a~ Maco~a~ and 
Prototr.aca exposed to sediment contaminated ,.,; th Prudhoe 
Bay crude oil. 
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ir.a-,,;:i:r:.a7:a durina exoosure to sediment contc.mi na ted \'lith 
14C-benzo(a)pyrene and Prudhoe Bay Crude oil. Vertical 
bars indicate 1 standard deviation. (See Table 8 for 
hydrocarbon concentrations in exposure sediment.) 

* From the Annual Report to the NOA.l\, Contract ~lo. 2311102778, 
April, 1977. 
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AAA LA BORA TORY ·.amino acid analysis- composition & sequence 

Jt."na 9 • 1977 

&~;no Acid Analvsis for Dr. Guri P~asiiadi 

Amino Acid Total u:rno1e.s 

3 4 5 6 

Ala:nine 13 .. 9 2.09 2.26 7 .. )5 
A:rgi:nine ) .. 17 1 .. 05 1 .. 27 2.17 
Aspartic acid 2 .. 60 1.04 1.01 1.56 

Cystfne/2 
G luta::J'I.ic acid 1.64 .. 420 .479 1Q10 
Glycine 29 .. 3 8 .. 21 8.,90 20 .. 3 

Histidine .291 
Isol$Uci:ne .. 342 .. 0964 .113 
Leuci..vte .. 570 -:172 .,202. .. 225 

Lysine .,425 .. 0809 .122 
:Hethionine 
Phenylalanine 

Proline .. 647 .0513 .0791 .,Jll 
Sel:"ine* 2.,)0 .553 .809 1 .. 52 
Threonine .674- .-174 .192 -389 

Trjptophan 
Tyrosine 
Valine 

Ta:urine 16"5 7.85 7.'57 10 .. 4 

·rote.l _ 72 .. 4 2le8 23e0 45 .. 3 

* Serine, gluta.."'tin 9 11 and asparagine cochror.:atogr.aph. 

6206 89th Avenue Southeast r.1ercer Island. Washington 980~0 Phone (205) 364-34~6 

Lowell H. Ericsson. Richard R. Granberg, Partners 
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Roesijadi, G., J. ¥1. Anderson, S. R. Petrocelli, and C. S. Giam. 19T6. Osmo
regulation of the grass shrimp PaZaemonetes pv~io exposed to polychlorinated 
biphenyls (?CBs). I. Effect on chloride and osmotic concentrations and chloride 
and \'later exchange kinetics. Marine Biology 38:343:,.355. 

Roesijadi, G., J. W. Anderson, and C. S. Giam. 1976. Osmoregulation of the, 
grass shrimp PaZaemonetes pugio exposed to polychlorinated biphenyls (PCBs). 
II. Effect on free amino acids. Marine Biology 38:357-363. 

Roesijadi, G., S. R. Petrocelli, J. H. Anderson, C. S. Giam, and~. E. Neff. 
1976. Toxicity of polychlorinated biphenyls (Aroclor 1254) to adult, juvenile, 
and larva 1 stages of the shrimp PaZaemonetes pugio. Bu.l.Zetin of Envi1"0r:.'71entaZ. 
Contamination and ToxicoZogy 15:297-304. 

Roesijadi, G. 1976. Description of the prezoeae of Cancer mag£ster Dana and 
Cancer productus Randa 11 and the 1 arva 1 stages of Cancer antenYJ.arius Stimpson 
(Decapoda: Brachyura). ·. C:t•ustacear.a 31:275-295. · 

lucu, C., G. Roesijadi, and J. W. Anderson. 1977. Sodium kinetics in the 
shrimp PaZaemonetes ~ugio. I. Steady state and non-steady state experiments. 
Jou.i.~P..aZ of Cornparative PhysioZogy (in press). 

Roesijadi, G., D. l. Hoodruff, and J. H. Anderson. 1977. Hater turnover 
rates in the megalopa and crab stages I to V of Pinni:::a oc:cidentalis .• 
Comparative Biochemistry a;~ Physiology. (In press) 

Roesijadi, C. 1977. Bioavai1abi1ity of naphthalenes from narine sedi~ents. 
En.viror.l!ien:tal Pollution. (In press) 
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Abstracts: 

Roesijadi, G., S. R. Petrocelli, and J. W. Anderson. 1973. The effects of 
mercuric chloride on the survival and chloride ion reoulation of PetroZisthes 
a~tus (Crustacea: Porcellanidae). American ZOoZogi;t Z3: 1307. 

Presentations: 

"Brown shrimp exposed to mercury in the field," presented at First 1-!orkshop 
for the Pathobiology and Toxicology of Penaeids, Galveston, Texas, 1975. 

"Bioavailability of Petroleum Hydrocarbons from Harine Sediments Contaminated 
\'lith Prudhoe Bay Crude Oil. presented at AAAS Annual Neeting, Pacific Divn·., 
San Francisco> Calif., June 12-16, 1977. 
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A~·iENDNENT PROPOSAL TO NOAA FOR ADDITIONAL FUNDS ON 

CONTRACT NO. 03-6-022-35204 

for 

\~eathering of Prudhoe Bay Crude Oil 

There is a phase of research programs on the effects and bioavail

ability of petroleum hydrocarbons in arctic and subarctic marine environ

ments not covered by the OCSEAP .program. ·The differences bebJeen freshly 

spilled oil and weathered oil are not being determined in any systematic 

manner. There are likely to be alterations in both the effects of these 
. \ 

different substances and the uptake of specific hydrocarbons from than. 

\•Ie have the facilities~ personnel and expet~ti se necessary to conduct a 

research project on the ltJeathering of oil,. but the present .funding level is 
'' ' 

not sufficient to accomplish these additional objectives. \·Jith. a .supplement 

equivalent to approximately 12K, this phase of the research can be conducted. 
'· 

In the experiment we \'lill be generating valuable information regarding altera-

tions of oil during \'/eathering, and the product may be used in sma 11 quantities 

by other investigators in effects studies on invertebrates, fish~ birds, and 

mammals. 

Objectives. 

The objectives of this supplemental proposal are to prepare \veathered 

oils _under three different conditions over a 64-day period and determine 

differences in composition of these products. Weathered oil will be prepared 

in quantities large enough {about 10 liters) to supply other investi~tors 

with samples. Replicate analytical samples will be available from several 

time. intervals for verification by other laboratories (NOAA, Seattle) and 

follow-up studies on rates of change. 
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Experimental Approach 

We have available 3 large volume tanks, measuring 1.6 Min diameter 

and 0.9 M deep (2M2 area and l ,830 1 volume).· A 2 ~m thick layer of oil 

placed on the surface will require 40 1 of oil, of which about 25% (10 1) 

should be available for sampling at later dates. The oil will be w~athered 

in three \·tays : 

Tank 1: To simulate w~athering under calm conditions in the presence 

of sunlight; a slow flow of sea \'tater \•Jill be injected bel0\1/ 

the on slick and taken off from beneath. 

Tank 2: To reduce the effects of sunlight (photo-oxidation of hydro

carbons), a system the same as Tank l will be prepared with a 

shade cover over the oil. 

Tank 3: To simulate Neathering under violent \'leather conditions, 

infl0\1/ \'later will be injected through a ring above the 

surface of the oil (without a sun shield). 

At a time interval, \'lhich should be discussed with NOAA representatives, 

10 1 of oil will be drained from each tank and placed in clean glass bottles. 

We plan to use one or more of these samples in our research, and other OCSEAP 

investigators have expressed an interest in utilizing such a 11 Standardized" 

weathered oil~ Analyses of these materials for percent hydrocarbon composition 

will be conducted for saturates between C11 and Czs, including pristane and 

phytane, and. aromatics from naphthalene to dimethylphenanthrenes. These 

analyses \>Jill answer important questions regarding the nature of the \'/eathering 

process, and also provide investigators with characterized substances for their 

studies. 

The planned sampling schedule will be 200 ml quantities at 1~ 2, 4~ 8, 16~ 

32 and. 64 days from each tank. These samples will be ,placed in 3 small vials 
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(15 ml) and one 200 ml bottle, sealed tightly \·lith teflon lined caps. Before 

sealing, the air space above the bottle \'Jill be flushed with pure nitrogen 

gas. The bottles will. be stored in a cool, dark location, and vials will be 

sent to Richland and_ other analytical facilities for hydrocarbon determinations. 

At termination of the \•Jeathering studies (64 days), the remaining oil 

(approximately 10 ~) will be skimmed from the tank surface and placed in 

amber glass gallon bottles. These will receive the nitrogen gas flush and 

be sealed.. After removing 200 ml and treating as above, the remaining· 

weathered oil will be av~ilable for shipment to investigators wishing to 

utilize these materials in their eff~cts studies~ 

The water and \'le.ather conditions at the Marine Research Laboratory at 

Sequ,im Bay, t4ashington, during the \'/eatheril)g experiments (late spring and· 

early summer) should be quite stable. Hater temperature will vary fl~om 
' 9 to ll°C. There are more clear hotirs Jn this region than most northwest 

localities from San Francisco north\'lard to Alaska~·, .Therefore, an ample 

opportunity should be provided to observe differences between shaded and 

sun-exposed oil. Each day,·readings of ambient light \'lill be taken at 8:00 

am, noon, and 4:00 pm to obtain a record of the extent of exposure to sunlight. 
"I 

He have the unique capability of treating a large volume of effluent from 

hydrocarbon exposures so dispersed or solublermaterials \-Jill not enter the 

natural environment. 
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Comments·on Anderson's weathered oil proposal from Killewich, 3/24/78 

(1) The depth of Anderson's proposed slick, 2 em, is much thicker than most oil 
slicks. As nearly as I can tell, these spread to.O.l-1 mm in thickness within 24 
h (usually much less) of a spill. In the arrangement Anderson proposes, the oil 
will have no opportunity to spread, since its confined within a tank. This could 
affect the amount of photo-oxidation of petroleum components, due to the inability of 
light to penetrate the top layer of the slick. It could also affect the rate of 
evaporati.on of low molecular weight components. I don't know the degree to \'lhich 
these processes would be affected, but it should be discussed with Anderson. 

(2) Agitation of water through turbulence, wave action, and mixing often leads to 
the formation of oil.:.water emulsions in the top ·1-S m of water. These emulsions have 
been termed "chocolate mousse ... I wonder whether any of the conditions under which he 
is planning to weather the oil, even (3.), will induce formation of emulsions. I'm · 
sure that oxidation, evaporation, and bacterial degradation are all facilitated by 
mousse formation, through increased surface area of oil. I would like to discuss 
this with Anderson also. 

(3) We need more information about what part of the slick (surface, i11111ediately 
under the surface, water column?) he's planning to sample for chemical analysis. In 
a real oil spill we would want to know the depth at which petroleum components pene
trated the water column as a function of environmental parameters such as temperature~ 
salinity, light, wave action and currents, and wind. I suppose this is not possible 
in·such an abbreviated study (particularly since the tank is only 0.9 m deep), but 
it does lead me to question the utility of this type of experimental approach. 

(4) More information is needed on the kind of analysis he is proposing. Why is 
he.not gain~ to look at anything le~s than c11 ? I~ he assumin~ they'll all be . 
evaporated 1n less than 24 h (the f1rst sampl1ng t1me)? I'd l1ke to be sure of th1s; 
we have been putting a large amount of money into experiments designed to determine 
the toxicity of compounds such as benzene and toluene. What about components larger 
than dimethylphenanthrene, such as the infamous benzopyre~e? Oxidation products of 
these components are much more water-soluble than the origi_nal cpmpounds, and may 
therefore be available to w~ter column orga~isms. 

(5) I would suspect that 64 d may be much too long to continue the experiment; 
the major changes will probably take place much sooner than this (l-30d). This, 
however, will probably depend critically on the water and air temperatures, which 
also raises another difficulty in doing the experiment in Puget Sound. Although its 
possible weathering in Puget Sound will be similar to weathering in the subarctic, 
I doubt very much·if it will at all resenble weathering under arctic conditions. 

(6) Finally, it would be useful to know if bacterial populations, both numbe~s and 
types, in Puget Sound resemble Alaskan populations. 'If Puget Sound has any h~story 
of oil pollution, numbers of hydrocarbon degrading bacteria are undoubte~lY.hlgher 
than they would be in unpolluted Alaskan waters. This could clearly preJUd1ce results. 

Recommendation: Let me go talk to Anderson _before we make a final decision on this. 
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Date: 

To : 

Thru: 

From: 

RFx41-454-300 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 
Outer Continental S!!elf Environmental 

Assessmer.! Prcc:ra;n 
I?·.:~:-~::.~r s~a-G~!i :;f Alc:ska Project Office
r. 3cx 1308 

Wanda Power, Administrative Officer 
Alaska Program Offjce, Boulder 

· =-:7~~ e . I 11~ 
Rudy Engelmann, Director /L ~ 7 ~ .... J Z.. ._{ 

q;~;:::~.!Jt~ ~::ce, Bou der 
Ke"Ftert t:. ~ce, -Manager-
Juneau Project Office 

Subj: Supplemental Funding for RU 454 

We approve Anderson's request for additional funds in the amount of $12, 
735, as decribed in the attached letter and amend~ent proposal. The 
following revisions in his proposal have been agreed upon by him, the 
Juneau Project Office, and Doug Wolfe: · 

(1.) the proposed oil slicks will be 1, em thick initially, rather 
than 2 em as proposed; 

(2.) hydrocarbon analysis of the samples will be performed during 
the course of the weathering, rather than·only at the end; 

(3.) the experiment will be terminated at a time to be agreed upon 
by Anderson and the contract supervisor,· Lois Killesich, and the 

CU~""" ~ -~1 in all likelihood be no l"onger than 30 ~ays. 

1 L- Please initiate the appropriate paperwork and inform.Anderson and Mr. 
~IT" Gary Counts at ttelle - Northwest, Richland, Washington. 

cc: 
lois Ki 11 ewi ch 
Doug Wolfe 
Jack Anderson 
Cary Counts 
D.E. Olsen 
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March 17, 1978 

Dr. H. Bruce 
National Oceanic and Atmospheric 

Administration 
outer Continental Shelf 

Environmental Assessment Program 
Bering Sea/Gulf of Alaska Project Office 
P. 0. Box 1808 
Juneau, AK 99802 

~~Battelle 
Pacific Northwest laboratories 
Battelle Boulevard 
Richland, ·washington 99352 
Telephone (509) 

Telex 32-6345 

SUBJECT: ACCUMULATION OF ORGANIC CONSTITUENTS AND HEAVY METALS 
FROM PETROLEUM-IMPACTED SEDIMENTS BY MARINE DETRITIVORES 
BNW 2311102778, Amendment 2 
NOAA Contract No. 03-6-022-35204 

Dear Dr. Bruce: 

Pursuant to discussions among you and Dr. Douglas Wolfe of 
the National Oceanic and Atmospheric Administration and Dr. 
J. w. Anderson of our laboratory, Battelle-Northwest ~roposes 
to amend the subject contract by increasing the authorized 
funding level to accommodate the increased scope of work des
cribed in Attacment A. We propose that the. authorized funding 
be increased~by $12,735 from the present level of $299,770. to a 
new level of $312,505. A· breakdown based on our estimated cost 
increase is attached (Attachment B). No additional time will 
be necessary. 

We feel there is a need for determining the fate of oil compon
ents in this seminatural system and for producing a characterized 
product that investigators on biological effects can utilize. 
Many of the conditions should be quite similar to the real-world, 
.but this should only be considered a pilot study. Important 
data concerning breakdown products from oil. can not be gathered 
at such a low funding.level. The .. samples taken at various time 
intervals will be available for use in more comprehensive chemi
cal studies on the qualitative and quantitative nature of break
down products. In follow-up studies, a larger system (surface 
and depth) should be utilized, and the water column should be sam
pled. The 2 em layer used in this study is not too far from 
reality, but a thinner layer would be expected under natural condi
tions. One problem which we will watch for is the disappearance 
of surface oil at later sampling intervals •. It may be that 64 
days will be ·too long, and the large sample will be taken sooner 

. if loss rates suggest the need. In general, we feel this is a 
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Dr.· H. Bruce 
March 17, 1978 
Page 2 

()Battelle 

good beginning for, evaluating.the'alterations in weather~ oil 
and supplying a product to investigators. Hopefully, a Uarger 
scale project can be funded in the future which will more closely 
examine the production of breakdown products and their mwement 
in the water c~lurnn. 

We believe this amendment is in the best interest of the rover
all. project_goals. All other terms and conditions of ou~ exist
ing agreemen~will remain unchanged. 

If this proposed amendment is acceptable, please initiate the 
appropriate contract :rqodification forms and forward them tto 
Mr. C. A. Counts. If you have any questions about our pnnposal, 
please direct those of a technical nature to Dr. Andersom. on 
(206) 683-4151. Contractual matters should be discussedwith 

Mr. Counts on (509) 946-2642. 

Very truly yours, 

~~IQ~ 
D. E. Olesen 
Director, Research 

DEO:nj 

cc: Dr. Douglas Wolfe, Director 
NOAA Environmental Research Laboratory 
Uo S. Department of Commerce 
National Oceanic and 

Atmospheric Administration 
Environmental Research Laboratories 
Boulder, CO 80302 

Jane M. · Ludka 
Contract Specialist 
u. S. Department of Commerce 
National Oceanic and 

Atmospheric Administration· 
Environmental Research Laboratories 
Boulder, CO 80302 
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Sea-cliff Bird Surveys 
Cape Thompson and Cape Lisburne, Alaska 

Coprincipal Investigators 

Alan M. Springer 
David G. Roseneau 

Research Unit 460 

Total Cost of Proposal: $12,008.00 

Organization: Renewable Resources Consulting Services Ltd. 

Date of Proposal: 2U July,l977 

Required Signatures: 

Principal Investigators ~ , 

· Name ~ 711 ~~ Date 20 July 1977 

Address RRCS, Ltd. 4 mi. College Rd. Fairbanks, AK 99701 

NTearnleepho~Numb~)~2~-------------~~ Date. 20 July 1977 

Address __ RR_C_S...:.,_L_t..:..d..:;. __ 4_m_i_.___;.C_o'-l_l_e_..g....;.e_Rd_;.. __ F..:..a_i_r_b_an_k_s...:.,_A_K __ 9_9_7_0=1 

Telephone Number (907) 479-2669 
--~~~~~~~-----------------

Required Org Financial Officer: 

Date· 20 July 1977 
~-
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I •. Title: Sea-cliff bird surveys, Cape Lisburne and Cape Thompson, 
Alaska. 

Research Unit Number: 460/461 

Contract Number: 03-6-022-35210 

Proposed Dates of Contract: October.l977- December 1978 

II. Principal Investigators: Alan M. Springer 
David G. Roseneau 

III. Cost of Proposal: 

, Total. $12,008.00 

' Distribution of effort by lease area: Hope Basin (100%) 

IV. Background: 

The seabird colonies at Cape Thompson and Cape Lisburne are the 
farthest north colonies in western North America and are by far the 
largest in the eastern Chukchi Sea. The birds which nest at the colonies 
feed at considerable distances frbm the cliffs, perhaps as far as 70 
kilometers and convert tons of biomass daily. In tern they provide a 
major food source for several avian and mammalian species· as well as 
local native villagers. 

Approximately 50% fewer murres were counted at Cape Thompson 
in 1976 than were counted there in 1960 and 1961. The timing of the 
events in the breeding phenology of murres.was later by about 10-14 
days in 1976 than in the early 1960's. These two ·,observations may 
be related, however, · insufficient data exist to form any\·conclusions. 

Black-legged Ki~tiwakes, which totaled about 24,000 in number and 
which nested with good success at Cape Thompson in 1960 and 1961, 
failed in their breeding effort during 1976. Reliable estimates of the 
population size of kittiwakes were not obtained. This breeding 
failure could be related to the relatively smaller number and late 
breeding of murres. 
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Among the factors which might have contributed to these phenomena 
are weather, sea ice and food availability. Analyses of stomach 
contents of both murres and kittiwakes suggest possibly low numbers of 
arctic cod, the principal food item taken by both murres and kittiwakes 
in 1960 and 1961. A "late" spring and persistent sea ice near the 
colonies may have also affected the timing, numbers and success of 
nesting birds a~ Cape.Thompson. 

The conditions which ultimately determine the timing of the 
breeding cycle and success of seabirds at Cape Thompson and at Cape 
Lisburne are different. Murre breeding schedules in 1976 began about 
10 days earlier at Cape Lisburne than at Cape Thompson and the repro
ductive success of kittiwakes was demonstrably better. Satellite 
imagery of .sea ice conditions in 1976 shows a substantially greater 
area of open water near the Cape Lisburne colony early in the summer 
than at Cape Thompson. No data exist on the relative availability of 
food items within the regions of the two colonies. 

Field work at Cape Thompson and Cape Lisburne during the summer 
of 1977 is continuing to provide data describing differences and similar
ities between these two colonies. Integration of our results with those 
obtained by other investigators will help define the ecology of this 
area. However, two years' work will doubtfully provide sufficient 
information upon which to base firm conclusions about seabird ecology 
in the Chukchi Sea. Because of the importance of these two colonies 
to the surrounding ecosystem and because of the unique geographical 
position of these sites, we believe that continued low level investi
gations at Cape Thompson and Cape Lisburne could result in a much greater 
understanding of the biology of seabirds and of the ecology of the 
eastern Chukchi Sea. 

v. Objectives 

1. Provide an annual update on species composition, absolute 
numbers and reproductive-success of seabirds nesting at Cape Thompson 
and Cape Lisburne. 

2. Determine dietary components of Common Murres, Thick-billed Murres 
and Black-legged Kittiwakes. 

3. Evaluate the phenology of breeding events and apparent repro
ductive success in relation to climatological and ice condition infor
mation and food habits data of 1976-1978; compare these data to similar 
data from other years at these colonies and with other major colonies 

·in the Bering-Norton system. 

Year to year changes in seabird populations of the Chukchi Sea 
are still poorly understood. That absolute numbers ?f major species 
and their repr'oductive success fluctuate over longer periods has been 
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established. Data on the amplitude of yearly changes and long-term 
trends and the possible causes are necessary to any decisions made 
regarding leasing and development of the Alaskan Continental Shelf. 
The proposed study will compliment information on these aspects of 
coastal ecology gathered during past years. 

VI. General Strategy and Approach: 

Two weeks will be spent at each of the two sites, beginning with 
Cape Lisburne. Because·nesting activities appear to start earlier 
at Cape Lisburne than at Cape Thompson, this schedule will allow 
work to be done during approximately the same times of the breeding 
seasons at the two colonies. 

Colonies will be censused by counting selected plots represent
ative of the different rock types and bird densities. Major changes 
in absolute numbers of birds colony-wide should be apparent from these 
samples when compared to 1976 and 1977 data. The plots selected for 
these population estimates will be established as monitoring sites for 
future studies. 

Murres and kittiwakes will be collected at both sites. The 
specimens will provide additional food habits data and information on 
timing of breeding efforts of these species. 

Estimates of the reproductive success of murres and kittiwakes 
will be made. Although the success of murres is extremely difficult 
to determine, it is somewhat easier for kittiwakes. Many fewer 
kittiwakes nest at these colonies than do murres in any year and a 
proportionately larger percentage of nests are able to be seen. 
Reproductive success per se will not be obtained from egg counts alone; 
however, the information will be important when compared to similar data 
from previous years. 

Satellite inagery of sea ice conditions and climatological data 
in the Chukchi Sea will be obtained from other investigators. This 
information will be used with food habits data to help explain any 
trends which may be apparent in either the population size or repro
ductive success of murres and kittiwakes at Cape Thompson and Cape 
Lisburne. These data will also be compared to results of similar 
studies in the Bering Sea. 

VII. Sampling Methods: NA 

VIII. Analytical Methods: NA 
nc . Anticipated Problems: 

The only major problem which we might encounter is inclement 
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weather. A severe storm would necessitate a schedule revision but 
would not seriously affect completion of the proposed work. 

X, Deliverable Products: 

A. Digital data - data to be recorded are listed in the attached 
data format sheets. 

B. NA 

c. Visual data to be submitted other than those included in reports 
will be one map showing colony locations, foraging flight directions 
and areas of critical habitat and approximately 200 plotographs of 
the study sites. 

D. NA 

E. Data collection - October 1977 to June 1978, acquisition of 
data from other investigators; July 1978 to September 1978, field 
data acquisition. 

XI. Information Required from other Investigators 

1. Remote sensing imagery of the Cape Thompson-Cape Lisburne 
coastline from 1 January 1977 to 1 October 1978. 

2. Shipboard and aerial transect data on distribution and 
densities of seabirds in the Chukchi Sea which.have been collected 
since 1976. 

3. All current chemical, physical and biological oceanography 
data from the Chukchi Sea. Of particular interest are data on ocean 
and wind driven currents, results of plankton and fish trawls and 
benthic collections_and bathymetry data. 

XII. Quality Assurance Plans: NA 

XIII. Special Sample and Voucher Archival Plans: 

Voucher specimens of major food species of murres and kittiwakes 
will be preserved and archived at th~ University of Alaska, Fairbanks •. 
Annual costs of this work will })e insignificant. 
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--------··------------- ------·-···--·-· -· ·- ·-----··-·- ...• --- .... ··--u. o!;:,_,.i •. ,.) 1\ •• u :l·:.).IL.J~ ••.• ,cr·: ~;u~?·nrr 

-l-.-~11:i t-;:ir~~·-0i:i·r-·i.-:~ 4 ~.i Ci(.7ii:.:u c-;· ~i"r~[u • .i'r ~c.:r!t'7wu ~;tifl!il!:t'.!n;:~·--i·i~--~~i.~ .. rT7~T~t- .:; i:-·.;·: ·-·- ·· · --· -· ·· 
(TIH!Hc requi.r>:-n•~nt::; !;hould hi.! bro!<.'n clo~n _hy (;1) hH.:atl<m, (h) calt~·nd.1s· p:•c!od, 
(c) numbt!r of pr!rsonnel p~r tiny and tot.1l man clay~ pt.~r' P•~r Ll.HI) 

Cape Lisburne- Room and boare are available at the Cape Lisburne Air Force· 
Base. There is no charge for room and-board rates will be about 
'$10.00/day/person. Two peop-l-e will be quartered at the site for 15 days each. 

Cape Thompson - We expect to again utilize the old Project Chariot buildings. 
The PI's will provide food at an estimated cost of $10.00/day/person. 
Two people will be at this site for'l5 days each. 

2. -Do you recommend n particular source for this support? If "ycs 11 ple;1s~~ nam.~ 
the source and th~ reason for your recommendation. 

See above 

3. Wh;Jt is your cstlmo.ted per o~m day cost for this support at ench loc:-tt·i,:H'? 

See above 

Hm..r did you derive this figure, i.e., \Jhnt portion repr.:>sP.uts qu3rtc•r:; ::,!d \-:11:;:: 
portion represent~; subsist:cn('C and is the figure ba::;ed on >:st.-:blish<~<.l c:<•.::::crl: i .11 
rates a.t the loc~'!.t:ion or on c.sti:natcd costs to estttblish •~nd li1aint<::dn ;: f !t~l'l 
camp? 

.. ·-------··--------- 249-----·-··-----·-·"'' --------. 



XV. Management Plan: 

The PI's will be responsible for both finantial and scientific 
management of this project. Maintenance of all finantial records 
and bookkeeping will be done by RRCS, Ltd., Edmonton. 

250 



XVI. Outlook 

The results of this study should significantly broaden 
our understanding of seabird ecology. From this project we 
hope to describe recent trends in the populations- of all species 
nesting at Cape Thompson ~rid Cape Lisburne and to evaluate 
the degree of change which has occurred at Cape Thompson dur
ing the past 15 years. We aiso hop~ that major environmental 
factors which operate on these populations can be identified 
and assessed according to their relative effects. 

Several interesting aspects of murre and kittiwake pop
ulation structures at Cape Lisburne are emerging this summer. 
Murre collections reveal a substantial number of nonbreeding 
birds of both sexes and both species occur within the popula
tion. Most of the nonbreeders are lighter in weight and 
appear to be anatomically smaller than the breeding birds. 
It is possible th~t this group represents birds produced at 
this colony last ye~r. This suggestion is based on a rela
tively very small percentage of birds but additional collect
ions might permit popul~tion age structures to be established 
and might also even provide insi9hs into differential habitat 
util~zation by age class. 

Similar collections of kittiwakes indicate a large num
ber of nonbreeding females are congregating along the coast 
near the colonies and alobg lagoons six to ten miles away. 
Birds collected from feeding grorips near the cliffs or 
returning to the colonies from farther away have been predom
inantly adult birds in breeding condition. As with murres 
additional collections of kittiwakes might provide interest
ing information on characteristics of this population. 

These observations will be elaborated upon with d~ta 
collected through the 1978 field season. By that time we 
should understand many ofthe basic aspects of seabird pop
ulations nesting at these colonies. We beli~ve that emphasis 
should then be placed on describing additio~al elements of 
murre and kittiwake population dynamics. We also believe 
that yearly updates o~ absolute numbers of birds at Cape 
Thompson and Cape Lisburne be maintained. Data on the ampli
tude and period of year to year changes of numbers and pro-

ductivity of these se~birds will be central to to any decisions 
concerning impacts of resource development on the populations 
which nest at these sites. 

We attach a high degree of importance to delineation 
of feeding areas of murres and kittiwakes, not only at our sites 
but at other major colonies to the south. Our data suggest 
that murres at Cape Thompson may feed as far away from the 
cliffs as 70 kilometers . We shall attempt to locate feeding 
areas at Cape Lisburne this summer by means of radio tele-
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metry. In addition to.providing information on areas .critical 
to murres for food, telemetry studies of seabirds may pro
duce valuable behavioral data. Should this technique prove 
reliable wi anticipate expanding this program to other colo
nies in the Bering. Sea and North Pac·ific Ocean. If principal 
foraging areas can be located within any of these waters, 
a collaborative study of physical, chemical and biological 
oceanography could perhaps elucidate many of the parameters 
important to maintaining the apparently high productivity 
of the region. 
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~CilliiCAL PROPOSAL 

I. BEJ\.UFORT SE..4. BARRIER ISLAND - LAGOmi ECOLOGICAL PROCESS STUDIES 

Research Unit No. 467 

Contract No. 03-6-022-35193 

Proposed Dates of Contract: 1 October 1977 to J.-1-!arch 1979 

II. PRI!iCIPAL I~rvESTIGATORS 

Joe C. Truett: Project Director 
Peter Craig: PI, Aquatic Ecology 
Stephen Johnson: PI, Ornithology 
Richard Robarts: PI, Primary Productivity and Nutrient Dynamics 

III. COST OF PROPOSAL (see Appendix II for cost breakdc:rwn) 

A. Science 

$570,.617.41 

B. PI - Provided Logistics 

-o-

c. Total 

$570,617.41. 

D. Distribution of Effort By Lease Area 

Beaufort Sea, 100.% 

IV. BACKGROUND 

This progra.";J. (Research Unit No. 467) commenced.in M.'a.y 1976. Its 
general objective was to design and implement a scientificallY integrated 
ecological process study of a barrier island - lagoon ecosystea on 
Alaska's Beaufort Sea coast. The focus of such a study was to (1) identifY 
and analyze those ecosystem components end processes contributing 
importantly to the structure and productivity of nearshore ecosystems~ 
(2) to determine the feasibility of detecting and quantifYing temporal 
change in those ecosystem components and processes and (3) to evolve 
mecl:anisms by which those components and processes could be routinely 
evaluated for their reaction to man-caused change and, therefore, to 
determine their value as development impact indicators. 
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The study va~ foreseen as a two-phase effort·-- a research planning 
phase (Phase I) folloued by an implementation phase (Ph~se II). Phase I 
vas~ naturally~ almost complete before the detailed objectives of Phase II 

· were determined. Successive editions of the research plan, step by step 
embraced increasing amounts of detail. ?he basic plan initially tried to 
thoroughly describe the hypothetic~l ecosystem interactions. Then by 
simulation and ded.uctive reasoning those ecological elements likely to be 
most affected by OCS develop~ent were exposed. Tnroughout the planning 
process, the design emphasis vas to create a comprehensive program which 
was ~otally interdisciplinary. 

~e use of modelling during the course of project workshops. created 
a co:nmon rhetorical base for PI 1 s, project managers, and llOJI_I\. and BL.\f 
coordinators. Computer simulation models attempted to accumulate current 
data of the key ecological processes applicable to the study area. They 
vere prepared and refined during the course of these vorkshops and 
investigators regUlarly were forced to critically evaluate each task 
statement in light of new insights: "those gained through interdisciplinary 
discussions, and from results of varied simulations of key process inter
actions as portrayed by the models. 

This ·project is basically different from other Research Units of the 
Al.askan OCS program in three ways: 
(1) The Research Unit requires several Principal Investigators, each vith 
a distinct and very different task objective. 
(2) There is intense interdisciplinary cooperation and researcn integration, 
both in the planning and implementation phases of the program. 
(3) Research implementation vas preceded by a relatively lengthY planning 
period during which, it was found, modifications in research tasks had to 
be made. Striving to preserve the integrity of the. program's goal, we 
identified contin~~g flexibility as a pr~~r.r need.-~nat is,.research 
planning bad to encompass a capacity for altering specific task objectives 
as the need for that.alteration in emphasis became evident.· 

As a consequence of the unique characteristics of this .Research Unit, 
key features of this renewal proposal are: . 
(~)A reco~endation and request for flexibility in the vay that.proposed 
tasks are eventually implemented. This is critical because ve expect that 
information from the ~977 field program vill importantly direct task 
resolution for field research in 1978. Proposed objectives and methodology 
a~e, perhaps, not as specific as they might be if the planned tasks were 
exPected to change relatively little during the course of the next 
several months. 
{2) A presentation of each major disciplinary effort within this Research 
Unit as a separate task. In Appendix I, each task is reviewed as required 
by tbe "Request for Proposal Guidelines 11

: Background, Objectives.., General 
Strategy and Approach, Sampling and Analytical Hethods, etc • Backgz:ound 
and Objectives and General Strategy and Approach are also presented for 
the entire Research Unit. 
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V. OBJECTIVES 

The broad objective of the proposed vork is to study selected ecosystea 
processes operative in a barrier island - lagoon system on th'e Alaskan 
Beaufort Sea coast as a basis from whicb to predict impacts of OCS develop
~ent upon ecosystem elements of concern to society. 

To.acco~lish this major directive, tasks were developed, each with 
a set of more specific research objectives. These objectives are stated 
within the proposal for accomplishing each task (Appsndix I): they are, 
briefly: · · 
(l) To assess production and standing crops of primary producers (ice algae, 
phytoplankton, benthic algae). 
(2) To assess the nature and extent of detritus inputs from terrestrial 
and aquatic sources. 
(3) To analyze nutrient dynamics as they relate to aquatic productivity. 
(4) To determine food habits of zooplankton and epibenthos. 
{5) To ,determine habitat uti'l.ization and habitat dependencies of particular 
life cycle stages of fishes and principal species of invertebrates. 
(6) To assess food·sources and feeding dependencies of fishes and inverte
brates in lagoon and nearshore marine waters. 
(7} To document movements and residency times of fish and invertebrates 
in the lagoon habitat. 
(8) To contribute to development of the population age-structure picture 
emerging from studies of nearshore fish species in adjacent regions. 
(9) To analyze invertebrate collections and fish stomach samples (portions 
of samples gathered in 1.977 as well as samples collected iri l.978)~to the 
new degree of detail required by refinements of the ecosystem model. 

(10) To characterize the manner in which selected bird species utilize the 
barrier island - lagoon system for feeding, nesting, resting and/or molting. 
(l.l) To describe the feeding and habitat dependencies of the bird species 
studied as these dependencies may be· disrupted by OCS-related develo~ent. 
(12) To evaluate the relative abilities among the various bird species to 
successfully cope with disturbance either by altering their feeding habits, 
non-feeding behavior, or habitat usage. 
(13} To'attempt to gather info~ation on nesting/feeding/resting site
tenacities of selected bird species (contingent upon the success of bird 
marking efforts in 1977). 
(1.4) To evaluate habitat use in the-area by large mruTh~ais. 
(1.5) To integrate results or the above research objectives wit~ products 
of' Research Units No. 526, 529, 530, and 531, .Which will be carried out 

·in the same area. 

VI. GENERAL STRATEGY Ai"'D APPROACH 

The general. strategy for implementing the overall program objective 
is to continually re-evaluate and refine specific objectives end tasks 
in light of new information produced by ongoing field research~ data 
analysis, and systems analysis. Interdisciplinary workshops and impro~ptu 
meetings among PI's are critical. to continued program i'ntegration. 
Specific strategies ~or accomplishing each objective will be modified 
as specific objectives are changed to more effectively meet project needs. 

The specific approaches for accomplishing the proposed tasks as they 
are now envisaged are detailed in Appendix I (Tasks 1 through 6) 
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VII. SJ".NPLING METHODS 

Sampling schemes for accomplishing task objectives are described under 
each task in Appendix I. 

VIII. Al':1ALYTICAL M:ETHODS 

Analytical methods conte~plated for each task are discussed in Appendix. I. 
Systems analysis, or modelling, ~~ll be used for simulating processes for. 
hypothesis generation, and for testing the probable impacts of develo~ment 
through sensitivity analysiso 

\·Te propose to hold workshops in the spring preceding the :field season 
(April 1978), and again in late fall o!' winter (novembe~-December) following 
the analysis of the major portion of the ~ield research data. 

IX. ANTICIPATED PROBLEMS 

The major problems anticipated at this point are those associated with 
continued program integration. Reco~ended solutions are (1) increased 
efforts at communication among disciplines through discussion at the field 
camp, (2) periodic distribution of key research findings to each PI, and 
(3) periodic interdisciplinary workshops as proposed. (See. "_Tl\SK 4: PPDJECT 
INTEGRATION" for more detail about proposed integration plans for 1978). 

X. DELIVERABLE PRODUCTS 

A. Digital. Data 

Parameters to be recorded during the course of the proposed program 
are, in part, as follows: 
(~),Distributional standing crops of ice algae, phytoplankton and benthic 
algae. 
(2) Deposition rates of_ detrit~s to nearshore benthic environments. 
(3) Seasonal plankton biomass and nutrient levels by habitat type within 
the lagoon and nearshore marine area. 
(4) Seasonal abundance by species and distribution by microhabitat of 
fish and benthic invertebrates in the lagoon and nearshore rearine habitats. 
(5) Seasonal food consumption patterns by fish ~nd benthos as related to 
distribution and abundance of food items. 
(6) Population age structures of fish populations in the area. 
(7) Water quality parameters {salinity, dissolved oxygen, temperature, 
etc.) and water currents in relation to fish and benthos presence and 
apparent movements. 
(8) Seasonal distribution and abundance of birds in the barrier island -
lagoon system related to habitat features. 
(9) Seasonal habit~t use and feeding dependencies of birds in the system. 

(10) Distribution and abundance of foods utilized by birds. 
(11) Temporal movement patterns of and habitat use by migrating birds in 
the nearshore enviro~ent. 
(12) Seasonal distribution ~f marine marr~als in the nearshore marine and 
lagoon area.. 
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B. Narrative P.eports 
These include periodic progress,and result reporting as required of 

all NOAA-DCSEAP projects. Specifically, this project will. continually update 
the ass~ssment of ecological processes subject: to development effects; 
narrative models of interrelated processes and cause-effect relationships · 
will be important. · 

c. Visual Data 
l·!aps, charts, graphs, figures and diagra.rn.";'tatic descriptions of biota 

distribution, habitats, :and processes will be provided as necessary. 

D. Other Non-Digital Data 
Not applicable. 

E. Data Submission Schedules (see Data Products Schedule on next page) 
Because of the proposed flexibl~ nature of this program, and the 

probability that the schedule of data product submission envisaged now is· 
likely to change. prior to the beginning of the proposed program·, we request 
that this schedule be viewed as tentative. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

Mechanisms for a considerable amount. of data exch~~ge have been made a part 
of the design of this program. Specifically, Principal Investigators for R!:!search 
Units No. 526, 529, 530, and 531 have been an integral part of this program to 
date, and l-7ill continue to closely integrate their work \•rith the propo~ed efforts 
of this program. We will therefore be acquiring oceanographic, sedimentological, 
and geomorphological informatioq from those PI's to complement the work proposed 
herein. The proposal for Research Unit Uo. 537 has been closely integrated wir.h 
this propc)sal. 
XII. QUALITY ASSURAI."lCE PLANS 

For those analytical procedures normally requJ.rJ.ng quality assurance, we pro:pose 
to use standardized and appropriately calibrated equipment both in the field and in 
the laboratory. l40st laboratory analyses requiring sophisticated equipment 
(chlorophyll-a analysis, etc.) will probably be done at laboratories at the University 
of Alaska, which routinely calibrates and tests its equip~~nt. 

Quality assurance ·during performance of field research tasks is provided by the 
routine inclusion of at least two workers/observers for the accomplishment of most 
measurements (aerial bird surveys, migration watches, aquatic sampling procedures, 
etc.); these co-workers continually check their perfornance by comparing observations 
and research decisions. 

Quality assurance plans for data assimilation and an_al.ysis include (1) one 
person's data coding checked by a second individual, {2) redundancy on data 
collection forms (two ways of representing animal species; by n~cber and name), 
and (3) computer validation programs which search for impossible or improbable 
situations. 
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X. DELIVERABLE PRODUCTS 

E. Data Products Schedule 

Processing 
Collection Estimated OCSEAP & Formatting 

Data Type Media Volume Format Done By PI? Period. Submission Date 

''later current magnetic 1,000 cards File type 015 Yes June-Sept. 1978 31 October 1978 

- _tanc 

Salinity, Temp., II 1,000 cards File type 022 " June-Sept. 1978 15 November 1970 
Depth (STD) 

-
' 

N Nutrients II 1,000 cards 'l'6 .be determined II Periodically: 31 December 1978 0\ 
00 Oct 1977-Dct 1978 

Detritus u 500 cards TO be determined II 1 June-30 Sept •. 1978 31 October 1970 

Phytoplankton " 1,000 cards File type 020 It Periodically: 31 December 1978 
or 029 Oct 1977-0ct 1978 

Benthic Organism~ • • II 3,000 cards File type 032 II 1 June-30 Sept. 1970 15 December 1979 

Fish II 10,000 cards File type 023 II 1 June-30 Sept. 1978 31 Decen1ber .1976 

Birds: 
Aircraft Census tl 2,000 cards File type· 033 II 15 May-15 Sept. 1978 15 October 1978 

Birds: H 
' 

Higration Watch II 5,000 cards File type· 038 II 15 May-15 Sept. 1978 15 October 1978 

Birds: Qther tl 3,000 carc;is TO be determined II 15 May-15 Sept. 1978 15 Novef:lber 1978 .. 
~tar inc z.tamma1s II 500 cards File. type 026,027 II 15 May-15 Sept. 1978 30 October 1978 
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XIII. .SPECil\L SAHPLE A!-!0 VOUCHER SPECI!·8N ARCHIVAL PLAilS 

Samples proposed to be taken during the course of this study are 
largely biological in nature (fish, fish larvae, invertebrates, fish 
otoliths, stomach samples, etc.). Voucher specimens can be easily· 
retained and stored if requested by NOAA-OCSEAP, but :i;n many cases 
preservation of entire samples Hould .be costly (fish, epibenthos) an_d 
is not reco~ended. Also in ma~y·cases the sw~ples are destroyed by 
analytical procedures cmd \·lould· not be sui table as vouchers. i·le propose 
to routinely save those sa..11ples which may be preseJ?.:V~d indefinitely at 
room temperature in small vials or which are unusual or unique, but to 
discard those samples difficult to preserve and/or if identification of 
specimens is not nonnally open to question. He ~·rill maintain vouchers at 
the offices of LGL Limited in Edmonton, Alberta, unless othen·dse 
requested by NOAA/BL!-1. 

XIV. LOGISTICS REQUIRENENTS (see Appendix IV_ and Appendix II) 

_It is understood that logistics supPort costs are to be paid by the 
OCS Project Office. Please refer to Logistics Requirement3 fo~ and to 
the attachment thereto for projected logistics -support needed from 
NOAA-QCSEAP. 

XV. .HA.o.\JAGENIDIT PLAN 

General Project l-!anagement: . Overall sponsorship and superv~s~on of 
this project is under the directorship of NOAA 1 s OCSE.l\.P program. Drs. Gunter 
lveller ancl David Horton of the OCS Arctic Project Office in Fairbanks, Alaska, 
function within OCSEhP for the execution, coordination, r.~view, _and assistw,ce 
in logistics support of project research. LGLmust responq primarily to the 
Arctic Project Office as appropriate during the execution of the project. 

Dr. J.C. Truett ,-;ill function as Project Director for .the proposed study. 
He is responsible for the proper ~oordination a~d execution of the project 
by LGL. The Project Director ~~ill be responsible within LGL "to_ a scientific 
and managerial advisory board composed of Drs. ~v .\·T.H. Gunn, _J. Richardson, 
R. Davis, and A. Birdsall. The Project Directo:!:' will direct )?he field research 
and general project operation. It is planned that Dr. Turett be based in 
Fairbanks during the performa~ce of the research. 

OCSEAP supervisory personnel vlill be .able to exert their project 
coordination and review responsibility through the Project Director; he in 
turn will keep OCSEi\P personn-el inforned of project developLlient. Principal 
investigators will coordinate their research planning and field effort with 
the Project Director to assure that the efforts of each discipline will 
complement, where appropriate, the efforts of each other discipline,·a~d 
that timely and appropriate ~ubmission of data to OCSEl\P is accomplished. 
Principal investigators of related projects (P~Search Units No. 526, 529, 
530, and 531) will also be requested to coordinate project planning and 
data collecting with LGL's Project Director. 

269 



Research Hanage!:lent: Field research management vill be the respo!lsibility 
of each Principal Investi6ator within his discipline; he will consult frequently 
;:ith the Project Director .to assure that his activiti.es :and data products are 
sufficiently coordinated with those of other disciplines and that they address 
overall project objectives. Dr. Pete.r Craig will be the fisheries Principal 
Investigator. Dr. Steve Johnson will be Principal Investigator for bird and 
terrestrial studies. C~ai8 and Johnson >rill co-direct the entire field effort 
U:."'lder the general super\·ision of the Project Director, who will visit the 

, field periodically during the sum:ner to maintain as awareness of the needs 
and research progress of investigators. 

Craig and Johnson will have responsibility for assuring that a minimum 
of environmental disturbance accompanies field research effort. They will 
periodically review with the Project Director the nature and extent of 
enviror~ental consequences of field research implementation, and propose 
plans for mitigative efforts if disturbance appears excessive. 

Dr. Carl Halters, consultant for modelling tasks, will communica·te 
directly 1-ri th the Principal Investigators during 1-rorkshop sessions so that 
investigators may respond to :modelling needs as they collect and analyze data. 
Dr. Walters will coliii:lunicate vith Princi:pa..l Investigators through the Project 
Director at other times, and the Project Director will assure that field data 
collections .remain appropriate for use in modelling. 

Nilestone Data Chart: Please refer to chart on page 12. 

m. OUTLOOK 

It is anticipated that research objectives outlined for thi~program 
iu 1979 and subsequent years will be adherent to the~e four general 
categories: 

(1) Adding data and defining tasks - Topics requ1r1ng additional information 
and precision in aquatic.ecology may include: 

nutrients (seasonal variation~ u_~der-ice conditions) 
primary production (dynamics of ice algae, phytoplankton, benthic algae) 
detritus (sources~ timing, distribution) 
zoaplankton (factors affecting distribution and life history) 
invertebrates (critical life-history stages, habitat dependencies) 
fish (population numbers 7 movement patterns, stock identification7 · 

critical habitats, distribution under ice, feeding dependencies) 

We anticipate that important aspects of ornithological investigations will 
include qu~~tification of precisely defined key energy-transfer mechanisos 
(feeding dependencies of arriving spring migrants and post-nesting waterfowl, 
etc.), as well as analyses of special habitat require~ents (lagoons as molting 
habitat ~or ducks, etc.). Understanding the natural variability of birds· 
responding to.annually changing environmental factors is a consequence of 
av~ually repeated su.-veys; surveys designed to d~tect such variation, therefore, 
should be continued~ 
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(2) Possible need for microbial invest~gation - As the ecosystem mouel 
develops it may indicate that estimates of microbial acticity (bacterial 
breakcown of organic detritus in cold \-later, nitrification,. etc.) are 
essential. Studies of other processes as yet undefined may also prove to 
be desirable. 

(3) Re-definition of the study area - Elecause we are dealing with highly 
transient populations, it may be logical to extend the physical boundaries 
of t~e study area to encompass a greater area. For example, offshore influence~ 
on the barrier island - lagoon ecosystem may warrant further study. It may 
also be desirable to test hypotheses developed in Simpson Lagoon 'studies by 
examining other Beaufort Sea lagoons as well as non-lagoon syste~s. 

(4) Evaluating perturbations to the ecosystem - After a sophisticated ecosysteltl. 
model has been developed, purposeful perturbations to the system may be used 
as a ~~ans of testing the model and evaluating-its predictive capabilities. 
Such testing could be accomplished by either experimental manipulation or 
site-of-opportunity studies of actual environmental disturbances _(dredging, 
fuel spills, etc) associated with OCS development. 

Projected cost estimates for research efforts in the Barrier Island -
Lagoon program for 1979 and 1980 reflect a decreased emphasis on new field 
research and a relatively higher level of integrative and interpretive effort. 
Est~ates by task are·as follows: (actual budgets and proposed budgets for 
1977 and 1978, respectively, are given for comparison) 

TASK 

Task lA. Trophic Ecology of Fish 
and Invertebrates 

Task lB. Primacy Production and 
Nutrient ·Dynamics 

Task 2. Terrestrial Biology 
(Ornithology) 

Task 3. Project Manage~nt and 
Data. Management 

Task 4. Project Integration 

Task 5. Project Research support 
and Review 

1977 

200 k 

.120 k 

4 -o-

~tal • • • • 514 k 

1 

1978' 1979 1980 

200 k 

82 k 

69 k 

78 k 50 k 40 k 

112 k 120 k 145 k 

59 k 50 k 40 k 

600 k 520 k 400 }: 

2 Estimate; not budgeted separately fro~ Task lAin 1977. 
A substantial portion of this a~ount was actually used for project 

3 
integration in 1977. 

· A considerably greater a:mou.•t than this \·Tas actually used for 1977 
project integration, but was funded during 1976. 

4 Paid for from 1977 Task 3 budget. 
5 A lesser portion of this is expected to be used for n~ research during 

each succeeding year, leaving a greater percentage for asse~bly a~d 
interpretation of other on-going research. 
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XVIl:. STA.!IDARD STATEMEilTS OF PROJECT PROC.EDlffiE 

A. Updated Activity I Milestone I Data J.ra~agement charts 1-rill be 
submitted quarterly. 

B. Quarterly reports will be submitted in sufficient time during the 
contract ye~ to be in ocsa~ hands by the first day of January, JulY, 
and October. Annual reports by April 1. The Final Repor~ vill be 
submitted vithin 90 days of' the termination of' the contract •. 

C. Where biota. are concerned, al.l spe~ies and higher categories will be 
represented by the voucher specimens.that vill be preserved, labelled, 
held, end shipped to en official. OCSEAP-designatea· repository in 
conformity with OCSEAP voucher speci~en policy. Vouchering will include 
life history stages {larvae, juveniies, adults) when they are used, 
and sexes vhere these are morphologically distinguishable. 

D. At the option of the Project Office, the PI .is prepared to travel 
to the Project Office at least tvice during the contract year to review 
proj ec~ status end progress. Such revievs vill be scheduled on dates 
I:J.utua.lly satisfactory to both parties. It is understood that costs. of · 
the travel end per diem for these trips vill be borne by the Project 
Office. 

E. Data vill be provided in the f'ori!l. and format specified by OCSEAP, 
accompanied by a. data. documentation form (!WAA 24-13). 

F. 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. Tais does not apply to report 
requirements (see para.. B). 

G. ~ithin 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 Ha.nager. 

H. Title for all property purchased with OCSEAP funds remains Y1th the 
U.S. Government pending disposition .at contract termination. 

I. Three {3) copies of .all publication or presentation manuscripts 
pertaining to technical or scientific material. developed under OCSEA.P 
funds will be submitted to the appropriate Project Office at least 
sixty (60) days prior to release. ~ne release of such material vithin 
a period of' less that sixty {60) days shall be made only prior written 
consent of the Project Office. Nevs releases vill first be cleared vith 
the appropriate Project Office • 
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J. All publications and presentations· of material. developed under 
OCSEAP funds 'Will ac:kno....,.ledge BU.f/OCSEAP sponsorship. The following 
standard a.cknovledge~ent is acceptable: 

This study ws suppo:t;ted by the Bureau of Land 
14anagement through interagency agreement with the 
National Oceanic and Atmospheric Administration~ under 
vhich a. multi-year program responding to needs of 
petroleum develop~ent of the Alaskan continental. shelf 
is managed by the Outer Continental Shelf Environmental 
Assessment Prograc (OCS~~) Office. 

COST PROPOSAL. (per Guideline requirements) 

A categorical summary of projected costs for this proposed research 
program can be found on the next page. 

A detailed breakdovn of costs can be found in Appendix II, Cost 
Proposal Details. 
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MILESTONE CHART 
RU #s 467 P I: ~~ Truett ct al. 

Hajor Milestones: Reporting, data management and other significant contractual. 
requirements; periods of field /\v-orlq \.,rorkshops, etc. 
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APPENDIX I 

TASK STATEN.ENTS 

TASK. 1. AQUATIC ECOLOGY 

lA: Trophic .Ecology of Fish and Invertebrates 
lB: Aquatic Primary Production and Nutrient Dynamics 

TASK 2. TERRESTRIAL BIOLOGY (Ornithology) 

TASK 3 • PROJECT l-!AJ.'lAGE!-IENT AND DATA HANAG.E!-IENT 

TASK 4 • PROJECT TI-IT.EGRATION 

TASK 5. PROJECT SUPPORT MID R.EVIEI'l 

TASK 6. .ENVIP.ONH.E'NTAL ASSESSHENT OF RESEARCH ACTIVITIES 
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TASK ~. AQUATIC ECOLOGY 

~nis task enco~passes integrated studies of fish, benthos, plankton» 
aquatic productivity and nutrient dynamics in the Simpson Lagoon study 
area. Descriptions of studies within the aquatic program are based on 
anticipated results from the 1977 program, and an emphasis is placed on 
project objectives which were deferred until the second year of_research. 
Research objectives also take into account the infomation needs 'identified 
at the UOA.~/Bil-1-0.CSEAP Synthesis l·!eeting held in Barre~ (February ~977). 

T'ne 1978 aquatic program is divided into TJ\.SK lA: Trophic Ecology 
of Fish and Invertebrates, and TASK lB: Aquatic Primary Production and 
llutrient Dyna.'Uics.. Allocation of funds between TASKS lA and 1B is 
provisional, depending largely on research needs to be identified as a 
result of this yea.r•s research and at the subsequent workshop and modelling 
session to be held in December 1977. · 

* * * * * * 

i'ASK lA: TROPHIC ECOLOGY OF FISH AND nrvERTEBRATES 

Principal Investigator: Dr. Peter Craig, LGL Limited 

Cost of Pr.onosal: $199,742.61 (Please refer to Appendix II £or details) 

Background: Task 1A is a continuation of fish and invertebrate research 
ini tia.ted in June ~977. These studies form an integral part or; LGL 's research 
plan involving important biotic processes in the barrier island - lagoon 
ecosystem. 

A variety of other research efforts along the Beaufort Sea. 
coastline will contribute useful information to Task lA. 'VTith respect to 
fishes, Bendock (RU 233) surveyed fish resources in nearshore habitats 
between Harrison Bay and Fla.man Island, and Frost (RU 248/249) will be 
studying distributions and life-histories of Arctic cod and other offshore 
fishes collected during the Glacier cruise in 1977. 'l'hese studies rill aid/ 
in refining the descriptive picture now emerging (Craig and HcCart 1976) 
ot; fish utilization of Beaufort ·sea coastal regions. Doxey's (1977) studY 
of fish passage around tpe .A.Rco causeway at Prud..'l-toe Bay, and past Alaska. 
Department of Fish and Game (ft~F & G) studies in the vicinity are also 
pertinent in that these reports provide general information on fish novecents 
in the vicinity or Simpson Lagoon. other fisheries reports or particular 
significance to Task lA are previous baseline studies conducted by our own 
perso~~el (Griffith et al. 1975 and l977} which describe fish and benthos 
in t~o other Beaufo~s;& nearshore systems, Kaktovik Lagoon (Barter Island) 
and liunaluk Lagoon (Yukon Territory)~ These latter investigations will be 
valuable for co~parativ~ purposes since they describe nearshore environments 
vhich are both dista.nt.from and physically dissimilar to the Simpson Lagoon 
study area.. 
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Task 1A 

Benthic invertebrates. have also received considerable attention 
in recent years. Crane (1975) gathered use~ul data on benthos within the 
Simpson Lagoon study area, and this inl"ormation. ha.s been used by LGL to 
design the proposed sampling program. 

Other benthos investigations in Beau~ort Sea areas include both 
surveys and site-specific studies. Broad {RU 356) and Carey (RU 7) have 
surveyed ben.thic invertebrates between BarroW" and Demarcation Bay in both 
littoral and o~fshore zones. Recent studies o~ zooplankton {RU 359), o~f'shore 
invertebrates (RU 248/249) and Prudhoe Bay benthos {Feder 1976) may provide 
distribution and life history data for some specie~ common to Simpson Lagoon~ 

· ,Summarizing the relationship .and relevance of LGL's proposed 
research to past and. present scientific efforts makes it evident that the 
other inv~stigations vill provide useful information to supplement our 
S~son Lagoon program but will not duplicate or replace any o~ the process
oriented research contained in this proposal. Speci:fically, data derived 
from the other studies will {l) provide li:fe•history and other bacRground 
data helpful for elucidating ecological processes in Simpson Lagoon and, 
(2) enable LGL to make a more realistic geographical extrapolation. of the 
barrier island-- lagoon ecosystem model. 

Objectives: Objectives of the aquatic program are to evaluate the various 
impacts o~ OCS development on a barrier island - lagoon system on the 
Beaufort .Sea coast by stu~·ing selected processes and organisms within this 
system vhich are particularly vulnerable to impact. Specifically, ve propose 
to: . 
(l.) Determine habitat uti-lizat:lon and dependencies of particular J.ife cycle 
stages of ~ishes and principal species of invertebrates. 

(2) Assess food sources and feeding dependencies of fishes and invertebrates 
in lagoon and nearshore marine vaters; determine feeding rates of fishes. 

(3) Document movements and residency times of fish and invertebrates in the 
lagoon habitat. 

(4) ContriQute to development of the population/age structure picture 
emerging from studies of' nearshore fish species in adjacent regions. 

(5) Analyze invertebrate collections and fish stomach samples (portions of' 
samples gathered in 1977 as well as samples gathered in 1978) .to the new 
degree. of' detail required by refinements of' ecosystem model. 

Essential components of the objectives listed above. can be 
summarized as studies of: 

-habitat partitioning 
-trophic interactions and feeding dependencies 
-rates of i.J::lmigration .to and emigration from the lagoop. system 
-important life-history characteristic.s of key species. 

All four of these components are-essential if we are to construct a realistic· 
model of key biotic proce'sses in :the barrier island - lagoon ecosystem. 
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Task lA 

Implicit in these research objectives is a test ~or a 
:funda.I:lental point of' inquiry in the ecosystem model being developed: 
The special ii:tportance or "biological integrity11 of' the lagoon system in 
contrast to other nearshore envirol'l!lent;; • .An understanding of' the relative 
contribution of' the lagoon system to aquati.c productivity, when viewed in 
the broader context of Bea.u~ort Sea coastal processes, would be o~ icmediate 
significance to BUI for decision-ma.kin~ during OCS leasing and development .. 

Str~tegz and Auuroach: The aquatic program has been shaped by data needs of 
the folloTJing users: 

.· (l} Bll.f/UOAA .- Impacts of' OCS development on aquatic organisms and habitats. 

(2) OCS and other scien~ists - A review of the current status of' fisheries 
research in arctic vaters. 

(3} Ecosystem Model· -·Research needs regarding energy path·~s in the 
barrier isla.n·d - lagoon ecosystem model ( identif'ied in preliminary 
workshops). 

(4} Cooperating disciplines - Aquatic data requirements f'or other disciplines 
within RU 467 (densities of' f'ish and invertebrates in bird-feeding areas~ 
f'or example) • 

Our general strategy during 1978 wrill be to concentrate research 
eff'orts during the open-water season v:hen biological activity is greatest, but 
to devote a significant portion of' the program to under-ice investigations 
Sampling during the open-water period will consist of' (1} a program of 
regularly-spaced collections in a variety of' ne~shore habitats, (2) non-routine 
samples to compare naturally occu.'l"'l"ing phenomena (brea..~up, storms, etc.) to 
the distribution and abundance of' organisms, and (3) experiments to satisfy 
specific·model needs such as feeding and colonization rates; Sampling emphasis 
vill again be placed on key organisms in the aquatic ecosystem. For f'isn, 
these include the major anadromous species (Arctic char, Arctic and least cisco, 
broad and humpback whitef'ishes) and marine species (Arctic cod, f'ourhorn sculpin). 
Key invertebrates are generally the epibenthic amphipods, isopods and mysids 
which are rid ely distributed, abundant and oYervhelm.ing!y the main sourc.e of' 
food for nearshore fishes. · 

Under-~ce studies are scheduled for early and late winter since 
these periods have received little fisheriea attention to date. Unfrozen 
nearshore areas oay be vital to certain species at these times. For example~ · 
a.f·ter surface waters freeze in early winter~ there is a 1 - 2 ·month per:i.od 
when water levels below the ice in shallov coastal lagoons are still.adequate 
for the passage of fish migrating to overwintering areas. It is also important 
to investigate nearshore habitats later in winter when they might be utilized 
by overwintering fish. During these winter sampling periods, LGL will rely 
on a. diving program (which has proven successful in other LGt arctic projects) 
as vell as standard sampling techniques. 
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. Task lA 

Although Simpson Lagoon should re~Bin the principal area o~ 
study, e.t this stage in the aquatic program there is a definite ne.ed to view 
the lagoori ecosystemin a. broader context. Is the lagoon environment, in fact., 
an area of special ecological significance to fish and invertebrate populations?· 
In te~ of OCS development, this ques~ion seems fundamental, and there~ore, 
we reco~eni that the 197:8 sampling program extend beyond the physical 
boundaries of Simpson Lagoon and nearby marine habitats. A-comparison would 
be made between the lagoon ecosystem and selected non-lagoon habitats, 
particularly exposed coasts and "offshore" location_~ Jthe relatively shallov 
waters seaward of the barrier islands which are receiving minimal attention 
in 1977). Our approach would be to determine, for example, whether densities 
of important fish and invertebrate species ere lower in non-lagoon habitats 
than they are near coasts which have barrier islands or spits. 

Sampling J.fethods: A variety of nearshore habitats will be sampled in the 
Simpson Lagoon study area. Six representativehabitat tyPes we~e establ.'ished 
as sampling stations in 1977 (see below); the same general scheme will prevail 
in 1978, although the sites may be relocated to suit 1978 objectives. 

Spatial Pattern 

SPY (';;\ 
-~\!! 

Additions to this spatial scheme include non-la=goon stations, 
the locations of which are as yet undetermined. 

The temporal pattern of these ecosystems will be evaluated 
seasonally. Under-ice studies are proposed for early winter (O~?tober/Irovember 
1977 or 1978) and late winter (April 1978) periods. Overwintering ~ish, 
principally arctic cod and sculpins, will be observed and collected by .divers 
i~ conjunction with studies of aquatic pr~ry production and nutrient 
dyna~ics (TASK lB). Detercinations will be made of fish and invertebrate 
densities, habitat utilization, life-history status, and feeding habits. 
Samples of food organisms will be ta~en using (1) a _0.25 m zooplankton net, 
(2) a Ponar grab or diver-operated core sampler for benthic in~auna (the 
need for this will be evaluated on the basis of· 1977 field studies), and 
(3) a diver-operated core sampler ~or ice-bottom inYertebrates. 

During the open-vater season, at approximately 10-day intervals, 
the distribution and abundance of fishes (including icthyoplankton) and 
important invertebrates vill be monitored at locations previously indicated. 
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Fish sampling ::1ethods vill include t'yke nets, variable mesh gill nets, 
seines~ and an otter trawL Field analysis of specimens will involve standard 
lire-history data; length, weight, sox, and reproductive condition. Stomach 
samples and otoliths (ror age determination) vill be retained for laboratOr"J . 
analysis. LiYe fish vill be marked (Fla-y dart tags, opercular tags} an,d 
released for movement studies. · 

Sampling methods for invertebrates will ·include an otter trawl 
(equipped vith a s~all mesh liner} and zooplankton nets of several kinds 
(0.25 u zooplankton net, Faber trawl, surface 14 em net). An increased 
examination of infauna. may be varranted pending results of the·l977 program. 
Collections vill be preserved in formalin and returned .to the laboratory 1'or 
analysis of numbers, Yeights and. gross taxonomic groupings. Basic lif'e-histo!"Y' 
analysis (length frequency, sex, reproductive condition, diet} Vill be 
determined for selected species. Colonization rates of epibenthic. invertebrates 
wi11 be estimated in field tests~ 

Underwater transects by divers will provide quantitative 
info:r.:I!ation on habitat partitioning by fish and invertebrates. Transect 
methodology vill follow Werner et al. (1977}. \fuere possible, divers will. 
also make behavioral observations on fish (feeding behavior, response to 
turbidity, etc.} and invertebrates (mobility, predator avoidance, etc.). 

In order to determine trophic relationships between fish and 
epibenthic invertebrates in the lagoon ecosystem, estimates will. be nade 
of the following: (1) fish densities, based on fYke net, diving and fish 
tagging data., (2} invertebrate densities, based on trawl data,· (3) fis!l feediDg 
rates, based on.field determinations of the daily food-consumption pe~ fish 
(Bajkov, 1935). . 

Use of the Alumiak or other· research-vessel, if it is available 
in.l978, is again desirable for sampling fish at locations seaward of P:i.ngok 
Island~ 

Considerable laboratory analysis time is needed to: 
(l) sort and identity invertebrate collections 
{2) record lengths, weights, diets, etc. of important invertebrate species 
(3) sort and identity stomach contents of fishes 
{4}. read otol~ths for age determination of fishes. 
Note also. that analysis of some 1977 benthic invertebrate samples and .stomach 
samples vere deferred until 1978. 

A pilot examination of gross parasite loading-in nearshore fishes 
is e.J..so recor:mterided since some fish appear heavily, infested. Analy.ses vould be 
conducted on a small, seasonal sample of f'ishes colle.cted in 19.77 in order to 
evaluate whether this topic (importance of fish parasites ih terms· of trophic 
energy pathways) vas worth pursuing during the 1978 field se_ason. 

Analytical Methods: For the. most part, standard analytical methods of fisheries 
science (catch per unit effort}· will b~ used in this study. In the feeding rate 
exper~ent, estimates of a fish's daily food ration ·will be determined by 
Bajkov's (1935) simulified :field test. Data analysis in diet studies (fish 
stomach contents) wfll include, (1} an estirAte Of.stdmach fullness, 
(2} n~bers and damp veight for major taxa, (3) arf Yeight conversion factors 
obtained from subsamples, ( 4) Hynes' Point J·~ethod {Hynes, 1950) for direct 
comtarison with diet data obtained at Barter Island by Griffiths et al.{l977), 
( 5) ~estimates of statistical overlap in diets of majoz:- species (Horn -;-1966) , and 
(6) estim,ates of food dependencies or "Electivity Indexn as described by Davis 
and Warren (1971). 
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Task l.A 

Anticinated Problems: We do not anticipate major problems vith field research 
other than the no~al uncertainties and inconveniences periodically caused 
by the vagaries of' 't-rea.tlier. It is likeiy that sie;nifica..'"lt problems, should 
they occur, will be associated vith proc;ram integration. We recom.:ne::td continued 
regular interdisciplinary conferences and workshops to help circumvent such 
difficulties vith interdisciplinary cooperation. 

* * * * * * * 
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TASK lB: AQUATIC PRiz.tZ\RY PRODUC'riOU AND NUTP..IENT DYNAHICS 

This task outlines proposed investigations for the analysis of aquatic 
productivity in relation to physical and chemical changes in the barrier island 
lagoon system. Emphasis will be placed on studies of primary production, detritus 
input from terrestrial sources, and nutrient dynamics. · 

The study \-l'ill be jointly carried out by Dr. Richard P.obarts (LGL· Limited) 
and Dr. Donald Schell (University of Alaska) • It is proposed that Dr. Schell 
be funded under separate contract to NOAA-QCSEAP. Task responsibilities, 
hm-1ever, will be sha.red by Drs. Robarts and Schell to promote complete integration 
of the research. (A prel:L-ninary work plan for the. allocation of re-sponsibilities 
nas already been produced.) It will be-Or. Robarts additional responsibility to 
accomplish the complete integration of the task \>lith other disciplines ldthin 
this program. 

Principal Investigators: Dr. Richard Robarts, LGL Limited. 

Cost of Proposal: $ 53,038,97 

Background: The lagoon food chain is based on two principal types of primary 
production (ice algae and phytoplankton) and on detritus input from terrestrial 
sources (~ocal rUnoff, major river sources). Pr~ary product~on and detritus 
are processed by zooplankton and benthos which, in turn, generate food avail~le 
for fish, birds and marine mammals. 

The relative contributions of primary production and detritus as principal 
energy sources to the lagoon ecosystem are not understood. Preliminary results 
from LGL's barrier island - lagoon ecosystem model predict a rapid development 
and collapse of ice algae and plankton shortly after breakup, and consequently,· 
inputs fro!!\ aquatic prinary production into the benthic system may be so 
short-lived as to constitute no real support for the benthic community. On ·the 
other hand, previous studies.have suggested the importance of ice algae and 
phytoplan.~ton production in arctic '\o7aters. (Alexander_ et al. 1975, Ho:rner et al. 
1974, English RU 359) • Ice-algae communities lengtheri~e-season of aquatic -
productivity, and these algae are kno-,;m· to support organisr:ts used as food by 
important fish species (principally Arctic cod) during the season of ice cover. 

Nutrient chemistry i.n nearshore \·7aters has receive~ limited attention 
to date. Schell's (1975) earlier studies in Sirnpson·Lagoon and other nearshore 
habitats provide a US!eful base for TASK lB studies. 

Objectives: Objectives of the aquatic program are to determine the various 
impacts of ocs develop~ent on a barrier island- lagoon·systemon the Beaufort 
Sea coast and to study selected processes and biota ~~i.thin this system which 
are particularly vulnerable to· impact. SpecificaJ,.]_y, we propose to - ·' 
(1) Assess production &,d standing crops of pr:L.-nary producers (ice algae and 

phytopla"lkton. 
(2) Assess the volurrs and nature of detritus inputs from terrestrial (and 

phytoplankton sinking) sources. 
(3) Investigate the dyna~ics of nutrient cycling as they-relate to aquatic 

productivity. 
(4) Deterr:~ine food habits of zooplankton and epibenthos, and assess· the nature 

of lagoon detritus. 
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Task 1B 

The individual roles of detritus input:!> primary production and 
nutrient dynamics are not :f'ully understood, but their net contribution is 
the driving force in the lagoon food chain. All may be directly affected by 
OCS develop!:lent activities, for exe.m.ple, (l) a· decrease in light penetration 
(caused by turbidity :from dredging, sha:ding by spilled oil, changes in depth 
of' snow co~rer) may reduce productivity, (2) contamina.'lts (drilling cuds, 
brine, sewage, petroleum products) may cause serious adverse impacts locally, 
and (~) physical alterations such as changes in water c~ents (resulting 
from causeways or dredging) may affect sedimentation or nutrient tr~isPort 
patterns in nearshore habitats. 

Strategy and Apnroach: _ As a result. of the ·l-atest LGL workshop · ( 6 - 8 April 1977) 
it was deci¢1..ed that a precursory program to T1\SK 1B should be initiated in 1977. 
Purposes of the first year's sampling program were to obtain prelimin~ 
estimates for several fundamental assumptions underlying LGL's evolving 
barrier island - lagoon ecosystem model. These assumptions involved (a} principal 
sources of energy driving the system, and (b) the physical and chemical integrity 
of the lagoon environment. The follo'tfing parameters are being . investigated in 
the 1977 program: 

(l.) Detritus input to the lagoon system. Since a majority of invertebrates 
in the lagoon are deposit feeders or scavengers rather than herbivores 
{Feder 1976), the detritus budget to the system is ·a vital aspect of the 
ecosystem model. Thus, the 1977 program included· estimates o:f the seasonal 
amount of detritus (organic carbon:nitrogen ratio) available to the benthic 
CO!Il!!ltinity and the sedimentation rate at which organic carbon is deposited 
on the substrate. 

(2) PlruL~ton dynamics. The dynamics of plankton communities in Simpson Lagoon 
are a product of plankton movements into and out of the lagoo~ system and of 
conditions inside the lagoon itself. Bee.aus·e of the rapid flushing of va.ter 
masses vhich apparently occurs in Simpson Lagoon, it is difficult to predict 
at this stage whether plankton levels in the lagoon merely ref'lect·the 
lagoon's boundary conditions. Thus~ the 1977 program was designed to_ include 
a seasonal comparison of plankton (chlorophyll-a, zooplankton biomass) and 
nutrients (nitrate, ammonia) at stations inside and outside Simpson Lagoon. 

A more detailed approach to these topics is needed and-an analysis 
of the preliminary tests described above will significantly aid in determining 
the research direction of T.~K 1B in 1978. If 1977 data suggest that lagoon 
:productivity differs significantly from'that occurring in waters outsid~ the 
lMoon, then a detailed sampling program' in both space and til,!le is scheduled 
for.the study area. I'f 1977 reveals-no biological or physical "integrity" 

.to the barrier island - lagoon ecosystem, the s~~plipg program o:f TASK lB 
will be spatially broadened to evaluate leyels of prima_~ production and 
detritus in adjacent h~bitats. 

TASK lB, wh:i,ch includes both Stli!!l:ller and winter studies, 'Will be 
coor,di,nated with TASK lA. Sampling times and locations 'Will be similar :for 
both tasks where possible, and fisheries personnel will a:id personnel of 
TASK lE to prevent.duplication o'f field effort. Time requirements :for fisheries 
personnel ( Crais and Griffiths) to integrate· TASKS lA and J.B are accounted for 
iu the budget for TAsK iA~ 
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Sanpling l·:ethods: TASK lB will include selected sampling· stations (spatial 
pattern) \·lhich are illustrated in TASK lA. Additional stations farther east 
and "'est in Sil:tpson Lagoon \>Till be selected bec_ause we e>-'Pect that any parcel 
of lagoon water \'Till be carried several kilometers per day_ by longshore 
currents, a."l.d t.~erefore, samples taken at a fixed station \'Tould represent 
cross-sections through blooms initiated at various times and places "upstream" 
l·Thic.i'l r.tight be cor.tpletely uninte:r;pretable. · 

TO deter:cine the temporal pattern, during late winter (April) concentrations 
of organic carbon in sUbstrates, nutrient transport in \vater under ice, and the 
distribution and density of ice algae \·rill be examined in nearshore habitats . 
without bottomfast ice. Replicate ice cores \'rill be taken in the deepest part 
of S.:btpson Lagoon and outside the barrier islands at approxit!tately the 2.5 and 
6 m isobaths. Additional cores will be drilled in randomly selected areas 
with bottor!l.fast ice. At each sample site, profiles of \'later temperature, 
salinity and dissolved oxygen will be measured as well as snow and ice thickness. 
Ice cores will be analyzed for phytoplankton, chlorophyll-a and nutrient content. 
Additional nutrient and salinity samples will be taken in the water column 
(Schell 1975) • 

During the open-water season, to1ater sa."nples for chlo..:ophyll-a and vutri.ents 
(ammonia; nitrate~ phosphate, silica) will be taken every 10 days at lagoon 
stations.Phytoplankton productivity will be estimated using the ~4clight and 
dark bottle technique. Special attention will be dire~ted to~1ards determining 
how lagoon productivity reflects naturally-occurring plienomena such as sto:cns 
and. calrt l>Jeather periods. Food habits and food sources of i.."npprtant zooplankton 
and epibent.~ic species will be evaluated by comparing stomach contents with 
available detrital material. TASK lA \'rill supply density data for invertebrate 
grazers. 

Analytical ~~thods: Ice core samples will be analyzed for particulate N2 , and 
chlorophyll-a nutrient content follo\'ling the techniques of Horner et ~- (1974) • 
Water sa.'"lples taken during Sl.lJ:Il!Iter \>Jill be analyzed .for chlorophyll-a a:1d 
nutrients. Phytoplankton productivity will be estimated by 14c incorporation. 

~~ticipated Problems:" No critical-problems are anticipated except for the 
normal inconveniences caused by inclement weather. 

***'**** 
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TASK 2. 'J.'r.!..l:ffiESTRIAL BIOLOGY (Ornithology) 

Princi-oal Investil)ator: Dr .. Stephen Johnson, LGL Limited 

Cost of Pro-oosal :· $ 69 I 172 .. 4 7 

Background: ~nis task primarily is a process-oriented study of birds using 
lagoo!lS and nearshore marine waters. 

It is also a continuing assessment of the presence and postulated 
~portance of large m~s (polar bears, seals, and terrestrial mammals) in 
natural processes occurring in the area. It is, with some modifications, a 
continuation of research being conducted in 1977 in the Simpson Lagoon area 
under the same Research Unit. 

~ number of studies relevant to the proposed research have been 
oade in the Beaufort Sea and elsewhere. Johnson et al. (1975) present a review 
of literature on birds of the Beaufort Sea. Schamel (1974) reports on the 
utilization of a parrier island in the Jones Island chain by birds. Flock (1973) 
has made radar-assisted observations of bird migration near the stu~ area, 
as have Richardson et al.. (1975) in the Yukon Territorj along the coast. Other 
bird studies in the southeastern Beaufort Sea (Canada) include C~llop and 
Davis (1974), Koski (l975), Patterson (1974), Searing et al. (1975), Ward and 
Sb.a....-p ( 1974) , and iUs ely ( 1974) • 

Ongoing and recently completed OCS-funded research on birds 
in the Beaufort Sea includes (1) studies of shorebird dependence on arctic 
littoral habitats (Connors, RU 172); (2) distribution, abundance and feeding 
ecology of birds associat~d with the Beaufort ice pack (Divoky, RU 196); 
(3) identification, documentation, and delineation of coastal migratory bird 
habitat 'in Alaska (Divoky, RU 3/4); and (4) avifaunal utilization of an 
offshore island near Prudhoe Bay (f.fueller, · RU 215). , 

Arctic fox studies near the Beaufort Coast include recent 
investigations by the Los Al~os Scientific Laboratory and by Underwood (1975) 
in the Prudhoe Bay area. The distributional status and natural history o:f 
seals (Burns and others, RU 1 s 230, 232, and 248/249) are currently under 
investigation, as are the distribution and habitat use of polar bears in the 
Beaufort (Lentfer, U.S. Fish and Wildlife Service, Anchorage). 

These and other investigations will complement but not duplicate 
the efforts of this proposed work. As a process-oriented studY., this·program 

.. vill utilize habitat and feeding-dependency infornation fro~ many sources, 
in addition to the results o:f its own ef:fort, to define the ecological. 
support mechanisms of birds and mammals. 

Objectives: Objectives of · these . investiGations are: 
(1) To characterize·the manner in vhich important bird species use the 
barrier isla.lld - lagoon system :for feeding, .nesting, resting and/or molting. 
(2) To describe feeding- and habitat-dependencies of the bird species studied 
as these dependencies may be disrupted by OCS-related development, and 
evaluate the relative abilities among the various species to successfully 
cope with disturbance by changing feeding habits, behavior and habitat usage. 

287 



Task 2 

(3) To evaluate the seasonal distribution of bird species among the major 
coastal habitat types. 
(4) To evaluate the, importance of micro-habitat features (micro-relief, 

physiognomy and distribution of vegetative grm.,th, presence/absence of 
drifb~ood and other debris, depth of lagoons, characteristics of eroding 
shorelines and of islands,et~.), and the occurrence of se~sonal phenomena 
(over-ice flooding, etc.) and study their effect on the nesting and feeding 
habits of those bird s~ecies studied, particularly- i"f' those features are 
lil::ely to be altered by development. 
(5) To evaluate the status of marine and nearshore terrestrial mammals by 
observation during t~e course of other studies. 

These objectives are sioilar to those addressed in the 1977 program 
except that less attention will be given to analysis of bird migration. 
l'ie propose not to repeat the radar observation program at the Olil::tok DEt-1 
station because data from here and elsewhere (Richardson et al. 1975) indicate 

' --
that migration is largely traditional and not likely to vary much annually. 
Another year's study would, therefore, probably not contribute significant 
information of. use to this program. 

We propose to place more emphasis in 1978 on the feeding-- and nesting
dependent use of. the barrier island and surrounding habitats, which is likely 
to vary considerably from. year to year. Preliminary observations made early 
in this year's program indicate that island nesting-bird populations may be 
considerably different than has been reported by other workers on nearby 
barrier islands (Schamel 1974; Gavin 1976; .Hueller, RU 215). Cau§es for these 
apparent differences are unknown, and need to be investigated. 

· Also, at this preliminary stage, it appears that more etr'.phasis should 
be directed at investigating the importance of seasonal phenomenai over-ice 
flooding and resultant availability of resources supporting bird populations, 
for example. 

Similar to the objectives of aquatic ecological research, more emphasis 
should be placed upon evaluating \17hether there' is a special biological 
importance to the. barrier island - lagoon system as such, or. if exposed 
nearshore areas without isl~~ds ~~d lagoons suffice equally well as habitat 
for birds. , 

Strategy and Approach: The basic ~eth9dologies for accomplishL~g the above 
objectives are similar in most respects to. those of the 1977 progra.."'J, .except 
that we are recommending deletion of the radar mfgration study for reasons 
discussed above. Observers onrthe ·:mainland and on the offshore islands '\llill 
docurnent_by observation the ~se of th~1 area by birds during migration. The 
distribution and behavior o:i birds in the, area will be monitored by aerial 
survey. Use of islands by nesting-birds will be investigated, and use of 
island and mainland shorelines by p9sf-nesting shorebirds will continue to 
be a part of the program. ··- ..- · 
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Task. 2 

Emphasis on f'eedingdependeucies may suggest that collections or 
birds f'or food habits analysis equal or exceed t~ose made. in 1977. Pending the 
success of oarking/bend'ing scheduled for l97'7, emphasis on netting and/or 
otherwise looking for marked birds may be an integral part of studying site 
tenacities among birds. 

Tactics for elucidating the ecological roles of m~~als in the 
area will be restricted to literature searches and observations incidental 
to other parts of' this program. 

Sampling Method~: 

(1) A.~alysis of' Bird Migration 
Observers vill docu."nent, from positions on mainland beaches and 

on barrier islands, the use of' the Jones Islands - Simpson Lagoon area. by 
migrating and staging birds during spring and late s~er. ~nese observers 
will Daintain migration watch for several hours of each day during the pea~ 
of spring migration. During late summer, observers ~11 maintain daily 
migration watches to be conducted simultaneously with systematic OQServations 
of use of the lagoon by molting, feeding -and staging birds. Because migration 
i~ spread over a longer time period in late summer. than in spring, and because 
field personnel will be involved with several other tasks in s\l!mller, it will 
not be possible to maintain watch for as many hours each day as in spring, 
but incidental·observations of migra~ions during ~he course of other duties 
vill.be'recorded. During migration 'Watches, obsez-Ver:s will record nu:nbers, 
behavior, and habitat use by all birds observed migrating or in the area. A 
computer data form developed by LGL for recording observations of migrating 
birds Will be used so that data may be readily analyzed 'With the aid of 
existing computer programs. 

(2) Aerial Surveys 
Approximately 6-8 aerial surveys will be made during the course 

of the spring and summer to characterize the aerial distribution of end 
habitat use by each species of' large bird (duck~ goose, whistling svan, loon, 
gUll,· arctic tern,jaeger) and by shorebirds as a group. Because of the great 
annual variability to be expected in bird population densities, distribution, 
habitat use, and breeding behavior, this proposed survey- effort should 
complement (rather than duplicate)coastal bird surveys made in 1976 by 
George Di vo"k:y' • 

. Surveys Vill. be made from a helicopter transecting .the area_ at 
an altitude of about 25 ~ • The first survey should be made vhe~ ice-free 
leads have forc.ed offshore, but before lake·, lagoon, and nearsho~e >."'a.ters 
are open. (probably about mid-June). This survey should be a reconnaissance 
to document the use of offshore leads and over-ice'f'lood waters from mainla~d 
streams by early-arriving migrants (oldsquav, eiders, etc.). Later surveys 
will paralle~ the coa3tline from the vest end of Simpson Lagoon to the vest 
end of Gyy-dyr Bay ( a distance of about 30 km). Final decisions about overall 
design of coastal aerial survey sacpling should be nade after the results of 
1977 surveys are analyzed. 
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( 3) liesting-Bird Surveys· on Islands · 
Investigators will search for nesting birds pn barrier islands 

by reeular transect survey or co~plete count in June and July. Several islands, 
each with different physical features important to nesting birds, should be 
searched for nests by the ornithologis~s. Physical features characterizing 
nest sites (island size, distance from mainland and distance from other 
islands, r~lationships of nest and colony sites to spring breru:-up and snow
melt patterns, distance of nests from shore of islands, height above sea 
level, proximity to driftwood or vegetation, substrate material, nearness 
of nests located to nest of same or other species, .etc.) will be describea; 
descriptions >iill emphasize those parameters likely to be modified by 
development activity. Sites and islands 1.rliere birds are not apt to nes-t;. 
>dll be described in the same manner, -where applicable~ 

( 4) Gr.ound Surveys 
In addition to the nesting-bird survey on·selected islands, 

surveys of' post-nesting shorebirds along beaches are 1roposed for use on 
the mainland. The purpose of these surveys is to char.cterize the feeding 
patterns of shorebirdss relate these to food use as de~ermined by bird 
collections, and evaluate potential effects on shorebirds of such impacts 
as oil coverage of lagoons and beaches. 

An investigator -walking a transect along the water•s edge vi11 
record jnformation on {a) number of each species, and age and sex, if 
poszible, {b) bird activity (feeding, flying, etc.), (c) specific feeding 
actions of birds (picking food from surf or debris, probing in the'sand, etc.), 
and (d) co~ents on apparent migratory movements, other behavioral activities, 
and o~her types of birds (such as waterfowl using lagoons or the~ea). 
Transects will be arranged so that beach type comparisons may be made at 
regular intervals (point vs. sheltered cove; narrov vs. broad beach; mainland 
vs. island; seaward vs. landward side of island}. 

(5) Bird Collections for Food Habits Analysis 
Numbers of birds collected for food habits analysis should be 

adequate to generally compare to collections made in other Beaufort Sea 
coastal localities by OCS workers (P. Connors' shorebird imrk near Barrov; 
G. Divoky's oldsquaw collections near Cooper's Islands), and to collections 
made in l977 during the course of this study. Collections should be adequate 
enough to equate bird diet to food av~ilability, determined by sampling 
lagoon and shoreline invertebrates. Spec;i.fic collection sites_ will be 
identified by the urincipal investigator on the basis o.f ground and aerial 
surveys, after the- study begins. Collected birds 'Will be identified, ~exed, 
aged,. and categorized by body fat index and reproductive condition .. Stomachs 
vill be collected, preserved, ~1d labeled by date, collection location, and 
general activity at time of collection (feeding, in. molting flock, in 
migration, etc.). ~~en possible, s~ples ~or investigating bird prey 
abunda."lce and composition should be ta.'Lcen at the same time and place as each 
bird collection. 
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.h..'lalytical Hethods: Proposed methods of analysis are several. l-1ost analyses 
of bird distribution, abundance, ~'ld behavior as observed during the various 
types of surveys are routinely keyed into computer progra~s developed by LGL, 
paralleled by basic laboratory proced~es for preserving and analyzing bird 
sto::ta.ch contents. Portions o:f this project's aquatic collections vill be 
preserved for reference end to assist in identifying stomach contents. 
Standard statistical methods will be used where applicable to test the 
precision of' saz:tple results. Analy.sis or bird migration by simultaneous use 
of radar p~otography and visual observation will follow the procudures of 
Richardson et .al. (1975) 

~'lticinated Proble~s: This year's ~ield research season has not yet been long 
enough to determine by comparison vhat difficulties may be encountered next 
year. However, based on the success of past field experiences in similar 
enviro~~ents~ we do not anticipate any major probleQs in 1978. 

It is likely that any obstacle to be overcome will be associated 
with progr~ integration. Researchers are accustomed to dealing ¥dth specific 
problecs in their respective fields but the interdisciplinar~ cooperation we 
propose for this study is nev to most scientists. We reco~end continued 
regular interdisciplinary con£erences to alleviate task-integration probleos 
likely to be encountered .. 

* * * * * * * * 
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TASK 3. PROJECT .HANAGEl·1Er3T AND DATA HANAGEl·IENT 

Cost: $ 77,425.81 

General Projec~ management is discussed under Section xv·of Tec~~icaL Proposal. 

Data management is to be the responsibility of Hr. Tom t·letrnore, compute.r 
specialist with LGL. The Data Z.lanager is responf?ilile for over-seeing project 
data collection for the needs of LGL, and for transmitting this data to the 
Environmental Data Service (E:DS) in the form and format specified by OCSE!I.P. 
Data is to be submitted to the EDS 'lrlit.,in 90 days after collec·tion. For those 
data which requ:i,.re extensive laboratory or computer analysis, the 90-day 

. interval should begin at the completion of any speci.;;~.lized analysis. 
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TASK 4. PP..OJ'EC'i' INTEGRc"\TION 

Cost: $112,256.49 

1·!odelling and integration ~·7orkshops \•Till continue to be the key feature 
in integrating the various facets of this program, including P~search Units 
No. 526, · 529, 530, c-..nd 531. Dr. Carl Ualters and his systems analyst!.> from 
the University of British Colu1nbia (UBC) Institute ... of Anima+ Resource Ecology 
in Va."lcouver, British Colu:rnbia, \·lill continue to· be investigators for tllis 
portion of the program. It is proposed that modelling \-lorkshops continue to 
be held at UBC because of the ease with which programs are conducted at the 
cooputer facility there. 

Having recognized that effective project integration as a key objective 
of this progr~~ is also one of the most difficult tasks to carry out, we 
propose that integration efforts increase in intensity in 1978· and _col!ln'.and 
a larger portion of the budget. Integration will be promoted in several 
ways, as follows: 

(1) Provide strong encouragement to PI's to assemble in tr.e field camp 
periodically dur~ng the s~~er to discuss research findings, problems 
encountered and research needs currently envisaged but not previously 
-idep.tified or anticipated. As an example of the potential usefulness 
of this approach: During the early phases of the 1977 field research 
effort biologists ~Tere able to more precisely identify {based upon the 
on-going fi.eld research effort) the kinds of information the~ \v-ould 1 ike 
to have had from the oceanographers. Unfortunately, by 

1
that time the 

oceanography field research plan had already beco~e relatively inflexible 
and could not he ch?tnged to accor..r:todate these ne~·llY envisaged needs. 

(2) Promote periodic distribution of key research findings among PI's. 
A key integrative necessity is the meaningful exchange of the rrost 
currently available findings ·of· Barrier Island - Lagoon program 
investigators. We pronose oeriodic structured non-\•rorkshop seminars 
or research revie~r se;sion~ to be held either immediately prior to 
planned modelling workshop sessions, or at an entirely different time 
a"ld location~ Only the PI's of relevant research efforts (RU 1 s No. 467, 
526, 529, 530, and 531) would need to be involved in these seminars, 
although it would be desirable to include appropriate 110u'tside" 
scientists if such is convenient. · 

(3) Arrange for impromptu seminars .and discussion session~ among PI's to be 
held at times when investigators'may conveniently assemble. For example, 
it vtould be desirable to ha.ve the PI's convene in Fairbanks at or near 
·the end of the 1978 field research prograr.t. At -t..his time general 
i!n?ressions gained from the PI's field research effort should be 
exchanged and proposed methods for assembling each PI's data into. a 
coherent and integrated final report should be discussed. 
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Task 4 

(4) Hold interdisciplinary/modelling workshops during 1977-1978 {as \·tell as 
in succeeding years, should the program be continued}. The most 
appropriate and convenient strategy for accomplishing project integration 
is to hold a {a) December 1977 Uorkshop ir.t.T.ediately follm'ling analysis of 

.data collected during the preceding (1977} field season. During the course 
of th~s Horkshop new information will be used to refine the model, and 
sensitivity analysis vtill be used to help define processes which should' 
be studied in greater depth during the course of 1978 research. (h) Hold 
an April 1978 Horkshop to enable researchers to plan a highly-integrated 
r~search program for SUiili:ler, 1978, shortly prior to the beginning of 
the major field research effort. 

A proposed partial time schedule of events to promote project integration: 

DATE 

December 1977 

December 1977 

April 1978 

September 1978 

December 1978 

EVENT 

Pre-workshop seminar. 

P~delling workshop to 
integrate research findings 
to· date. 

l-1orkshop to refine and 
integrate 1978 field 
research plans. 

Post field season seminar 
to discuss general findings. 

Pre~workshop seminar and 
modelling workshop· to 
analyze and integrate new 
data from 1978/research. 

PARTICIPANTS 

Project PI's. 

PI's, rnodellers, 
NOAA/BLH coordinators. 

Project Director, PI's, 
modellers? , tmAA/BL£1 

coordinators. 

PI's, Project Director, 
NOAA-OCS project coordinators. 

PI's, rnodellers, 
NOAA/BLH coordinators. 

EXAI-lPLE: Agenda for a Beaufort Sea Barrier Island - Lagoon Workshop: 

SESSION I: Program OverView (Day One, 9:00 AH - 11:00 AH) 

1. Overview of research carried out· to date in relation to BLH needs 
and NOAA objectives·. (LGL Project Director, NOAA and/or BLM coordinator) 

2. Brief review of results fro~ first field season: systems properties 
and disciplinary interrelations elucidated that were found to be 
important processes. General changes in program emphasis since the 
last workshop and implications of·these cha~ges to the model. 
~·bdellers, with input from LGL Project Director) 

SESSION II: l·bdel Critique and Refinement (Day One, 11:00 AH - 3:00 P~l) 

1. Brief presentation of subr.odels (oceanography, geophysical processesr 
aquatic ecology, and terrestrial biology) by appropriate modellers. 
Identification of changes in subrr:odels \'lhich appear appropriate in 
light of general research findings since the last workshop. 
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2. Horkshop participants separate into disciplinary subgroups to 
modify and refine submodels by soliciting input from Pl's. At this 
tine PI's will provide any ne\17ly-acquired quantitative data that 
are available as a consequence of ne\•t research (such as feeding rates, 
shoreline erosion rates, sediment deposition rates, rates of movement 
of animals in and out of the sy~tem, etc.} • 

SESSION III: Research Proposal for Next Year (Day One, late afternoon-evening}. 

1. During this tirne rnodellers will not attend g~~eral session but will 
work on the refinement of the model, using the information provided 
earlier in the day. 

2. PI's and other workshop participants will reconvene in general 
session. Each PI will present to the group his general study proposal 
with emphasis on the following questions: 

-What \·Till be measured? 
-How will the data be analyzed L~ light of program objectives and 
expected inputs from other investigators (.tf the data. \vere now· 
in hand, \·That would be done >'lith it)? 

-:lvnich results does the investigator .expect to be of special 
importance to other investigators (how does:. he view the total 
system implications of his results)? 

Field research plans for the next research period \-Till be presented in 
the following sequence: 

(1) Naidu 
(2) Cannon 
( 3) J.1'atthel•TS 
(4) Hungall 
(5) Craig 
(6) Johnson 

Sedimentology (RU No. 524) 
- Geomorphology (RU No. 530) 

Oceanography (RU No. 526) 
Oceanography (RU No. 531) 

- Aquatic· Ecology (RU No. 467) 
- Terrestrial Ecology-Birds (RU No. 467) 

SESSION IV: Evaluation a.'ld Revision of Next Season's Research Proposals 
(Day T\·ro, mo.ming and afternoon) 

l •. Evaluation of linkages between studies. Each investigator will be 
asked to reviet'l7 in a general discussion session all other studies 
of this program pertinent to his own area, and to discuss recommended 
revisions of these studies. 

2. Hodellers will be asked to compare :rr.odel outputs based on t.~e previous 
day 1 s r.evisions to those of the last \vorkshop and to recorm:nend 
revisions of disciplinarJ programs based on model outputs. 

296 



Task 4 

3. After the linkage evaluation, there will be a brief (nTo-hour} 
meeting of subgroups with similar disciplinary interests, with. the 
objective of modifying research plans, (a) to meet needs of other 
disciplines a.l"ld (b) in respons~ to any new areas St\ggested to be 
.important by the Irodelling exercise. (Recornmended changes, ho'Yiever, 
must fall \-lithin the capability range of presently-identified 
Principal Investigators, and their budgets,in order. to be incor
porated as changes in the 1978 field program) 

4. The day will end \'lith a general discussion session aimed at detecting 
and correcting major flaws in the program: 

(a) Have any major ecosystem components, processes, or linkages 
been neglected both in the field pl~~s for last season, and 
as research priorities for next field season? 

(b) Are any of the field studies going to be essentially meaningless 
due to inability of other investigators to provide critical inputs? 

(c) l'lill the stuQ.y results, \..rhen interrelated, pro·.ride NOAA and BLH 
with an improved basis for predicting impacts on those system 
components that they see as mo.st important? 

SESSION V: Future Research Coordination (Day '1\-To, evening; Day 'r'nree, morning 
and early afternoon) 

l. Each investigator will outline to the group his revised research 
progr~ in terms of sampling dates, equipment needs, use of technical 
staff, and other tactical requirements. 

2. or'ne group will develop a simple analysis to determine an optimum 
schedule for sharing field research resources. 

3. Areas of uncertainty about sampling times, etc., will;, be clearly 
delL~ited and alternative contingency plans will be developed. 
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' TASK 5. PROJECT SUPPORT AND REVIE\·1 

Cost: ,$ 58,982.57 

'l'"nis task includes expenses· necessary for the effective implementaticn 
of the Barrier Island - Lagoon Program/ but \·Thich arc not specifically 
related to any of the oti1er tasks. Personnel costs included are for 
in-house review (H .J. Richardson and W .\·7.H. Gu11n), -program logistics and 
editorial assistance (H. Spies), secretarial and accounting support, and a 
technician to replace vacationL"'lg field personnel and serve as field caop 
cook. Travel and per diem for the above persons are also part of the budget. 

Ti\.SK 6. E:-~VIRO:U·SUTAL l>.SSESSHENT OF RESEARCH ACTIVITIES 

T.•is task \>Jill be routinely a.ccornplishcd during the course of other 
parts of ~~e progra~ and will not be assigned a separate budget. Stephen 
Jor~"'lson and Peter Craig \Y"ill assume responsibility to continue to monitor 
the field program in 1978, as in 1977, and vlill: 

1. Identify field activities likely to importantly affect 
ecosystem processes. 

2. Conduct the field research progra.":l so that adverse impacts 
will be avoided to the greatest extent possible within the 
linits of effective accomplishment of objectives. 

3. Document the nature and extent of study-caused impacts. 

~ne accomplishnent of this task will be prL":larily through day-to--day 
observations of human activity in and near the Pingok field camp, in~luding 
activity associated with sa~pling routine. Subjective evaluations of ~mpacts 
will, in ~st cases, form the basis for this task product. 
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?. ;·._:, ;,...._.;;•,' '"y".::s Of- OtuS-=>'''f·"l;.~OnS ~-"' :,., ·"·lu:.::. (··1 +,-,..,ct•r '-''1'1 'n· ... Jt "-'''Ct.- ~,,.:,.; -- :..~ _;~ ... 

.... _;:. ..... , •V'!.. ! ... :"""·· '-• ·--= t t...,.,J -c.: t:P ... - •; ""' ......... ~) '-' .... f•J• ............ '' 'J; I .t ... __ .... -··· I 
Ir:chlde a de5cription ol- shipbonrd sam;:>l·ins cperai:ians. Ue·:as spr.:cific t!m:!' cc:»
prehensive as pos3ib1e. 
Fish and epibenthos sampling Yith nets and trawls. 

3. ~:na.t is the optimum trma chrono·lo~!Y of ob.se!~\'rttions on a-:-leg a~d Se£!sonal b::sT:i 
and \·!hat is the maximur:1 a11m·!able depal~ture ft~o::J.these optimum tim~~s?- (i:ey to 
chart pl·~pared under It~iii l HiH:n m:cessary for clurifici:!tion.) · J 
Opti~u: sampling times are as soon as possible after ice move-out in midsummer 

___ and afiain in late_];~ust-early Sent~be~- . ------- ___ .,._ 
4. · !io:.-1 r;~any s~a days ci.re ~~::quircd .f~n- eacli 'le:']?(i\sswiie vessel crui!;ing speed o; 

( 
111 knots fm~ NOAA ves~el$. Do not include running tine f!~om port to begimring 
point and from end poif~t to port and do not inclwJ.:: ·J \::2athel~ factor.) 
Ac~u~ 4 - 5 days optimum at each of the two sampling times above. ___ 

5. Do yau considc~r· your-f'nvestigatic:n to be th~ pri!~dpi.ll-c:le fo~.:-1.11e o;_·,;;·ratfon tlE:s 
· t:e~uiring other activ·it·ies to p·i~!]yback or· could you p·iggyback? 

Could piggyback. · 
Approxililately ·h.0\"1 many v.essel hours pet~ dny \':i11 be requi· .• ~ec.r for. ycnw cbs~l·.v.:!tionsj 
and must these hours he curing daylight? Inc:lt:de an estimate of st•mpl ing-tim\? on 
station and sample pt·ocessing timf! bebteen ~.tations. . 
Vessel hours per day= 8 or less. Do not have to be in daylight. 

. . 

6. hiiat equipment and pet·sonnel \·,'auld _rou ei.pec~ the ship to prov·id~?,.... ____ .......... _,___...,..,- I 
Would be helpful if ship could provide: l.A technician 2oWinch for handling travls 
ind. nets 3.Food and bunk s-o2.ce. --~ 

I. ~·;hat E-- the apj)roxiii:;< tc \·!!i ght iind \'0'1 Ui':~ of eq;;i p:;:;;nt you \•,!i 11 b:-;;~g? ~ 
--::::--........-:-1·~. ~':...E..~.9."!:1..!P!)1~~......::_500 ~~~-· ___ l-l~_y_p_lJJme_g:f__e_qgig~~pt_::_g_m_3 · , I 

8. \·!i11 _y·)ur c;.:,ta. or equip;-;-~ent require specia1. han-:!iing? _]Jg Ji" yes, pie~se 

descr!~e: cr1 
-:::;. -~;i 11 y=•:..: t·o:·~itli re any gasses {:n:/ol~ chc;~~i c~i-1 sf~~-y.~;=-.:=__ lT yes~ ti"I~"Y. shol:ra-""!.le cr; 

~oard -:~c ship pdor to d2parture ft·o:;: Sc.::tt1e o1· tir:·e c::llm·!ed fm~ shl;•:ilc·nt ~y I 
_,. __ f•:! r~.:!l'J.ll _!!eed formalin as _.Pr:'~!U~f:Y?-ti v~ ; ___ c lj!,t!_Jrr..9.Y.~.Q.~ _g~'n i_f_ .2h.:tl! .. <l.O.§!JLll9t__ha.v.e . .____._, 
lu. i.i2 yo~: li~\c <: ship pn::fer::ncc, eith::r i·:u '.!\ or non-:;o;,p,r If "_yes" ~Jh·.:.se n.:1;::;; ~.::e ,. 

\'t:ss~l ond give the rca.sc,nfol· .so 5p~cify~ng. 
S~p preference: Alumi~~ or similar vessel. . 

-( -1,- y·:·~-:·~--co::::i:end the us~ of :1---:wn-i~O.:":.A v-:ssi:l: \:!".~t is tile p;:'t· se.:1 ci:.y ~:-~.:~n:.::;~--~ 
cost at-ri h~·ve you vcrit.ied H.s i:Wi:!ila:.Oi1ir.y N/A J 

_,.1-=-,,--.-. --.. -·-· --_-)-,- I • '-,::-•·.-: ··,::,:1-·r,-"\-..t .,...-l:- "':-r:l-ic.-~? i.·.· .... -•.~1:-i.e- 'l ., .• -S-l ,....:: "'"' __ ,.,...;- 11 r... :!'Y ..... • r.f,r:_ ... :):7."''t · ~ ~US~ )'~l! ·~~-. . . . . .. v • . , 1 .... .. .. _ _ :..·. _- _ .... ' ,., : trL .• .. ·- • 

I 
pe:nts,, -·dfically id:3'r.tifyin:i (fr.y \·:i1o an~ forc~~;n ntitionals . 

. Must have tYO persons on board, or one i.f ship can supply a technician. 
Potential participants: Peter Craig ·(American) and William Griffiths (Ca.n~d.ian). 
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--·-~------- --·----·----- -------·----......;. --_. i~~ ....... .,~ ..... , .... _ .. ,,....,..- . ·:,~·""'! . . - - " ... ---:--.. -----y 

· :.:1~£;~~~-tl~ p~;;;;s~T~:-rJ.;;f1~Ir;;;-o;;- .. .1·-~~:l.l C"t-(J-t"t~;:-:-·;i~;!:;:-~-J"·;~r-c~:~;;:!-·(i::.~ i-::~;r ·, ri;;i;i:·- --1 
~ltitut!e on. c~lch lia~. (:lot<.!: If fli.;dt:.:~; ;!r.t! for tr:m::>p•.lr_t:!t.ion r.tni·t. t:ih!t"C: I 
~;ub'-lission i!: no.t nt:cc::wary but origin "nu·t!,~stin,l.~ton point'; ::lwuld :,c: li.:.::,:.:u) 
Flights ~or transportation to and ~rom Oliktok DKw station, Beau~ort Coast, either 
:frO!:l liARL ~ Barro"ll, or from Prudhoe Bay. 

2.. £;:.::::;::::-i.i.H! r.yp~s o.!: obs\:!c:ations t.l. ben:•Je:--
Transport ~lights only. 

""">.:----::-:::------::---.--......,...--:-:---. --:-----:----.,.--·----·-:.---------·- '-----·-----...,......-
j. :-.~~;:!t. .!..~ th~ opti.=,.!..:::! ::i:1c C.~l!:'Orlolu:~y of ll:,!,;Llir"J:!t i<Jn!.i t..'ltl a ;H"!:tscn.:ll h:t:::: t:.; :!r:d ·.~h:tt 

4. 

5. 

6. 

is th2 na:<:bn.u:l a !.lv".JA.bli! departuz:-~ t:ro\.1 t:ht-::i(~ ,>pt i.;nn::t t·i;:!es'? nc~y t'o (.;;;a;:-t . 
prepared und~r It2~ l when n~cessary fo~ clarific~tion) . 
?..e7 transportation times are late May-early June, and late September~ when several i 

. to!!S of' equip::1ent end 4-6 persons must be :::::.oved to and hom Pingok Island. 
1 

I 
How !.!any dad.·..rs of fl.lz_ht O:J~·rn.tion .. arc

1 
r~c;ui.~-.-erl ::>E:JdtJ1m:;_ ;:m.,.·vr El t-a."li'lt h(\:.:~·..:t ,:;;:;-.: t:!~}=?- ~· !: 

171 ight sche ule err~tl.C. deuendent on P-a.r!E!' SJ.ze t s J.maue .:>-'l..j. TIJ.'c liS VJ.:cu .1. wl.n . 
CS-ter a.t each time leariy siumner and late SH""'":':er ,,. a.'ld more frequent flights \orith Cess a :laO\ 
Total.. flight hours? Apuroxi.ma.te~- 20 hours.(Tt·r.!n Otterj...L_1_0 ho_urs {Cessna lS!QL__I ) 
Do )'OJ consider your investigation to the. princl?al one f()r the flight thi..:~ 

precluding other activities or requiring other activities to piggyhac~ o~ .could l 
you piggyback? /; 
T"ne nature o£: transport re_quirements indicates ve should have p1•im.ary control of the 

1 
f1 ights. -··---·----
Khat types of special equi_pi.!ent. are rP.quir.ed for the aircraft (non carry-Pn) '? 

N/A I 

I 
1-!h-l,t:: are the \-;eights, dim'!'nsions, 
U:liG'.!e to the specific equipmE:!nt. 

i 
J 

( ...,..-'----.....;.....,... _______________________________ ..;.,.-____ ~----·------
]. i.:"n..;.t arc the \.:eights> di~ensioq.s nnd pm.;er reciu:i.re2ents o£ carry-on Nit!ip::.!r.!tll.:.'l 

8. 

9. 

_Q_ 

.. .!. .. 

") .... 

. / 

See #3 above. 

l-:1-!<1:: typ-= of aircraft is best suited for the purpos~? I 
~ft~n Otter or larger transpo_rt __ P_l_an __ ·e_. ________________________________________ . 

Do ycu recoti'.=J~nd ."1 source for the <::drcrai:t? No 
If "yes" please. naJ::e the source nnd th~ r~;,.son for yo~tr rucci:!l~~i:mdat h1n. 

\-:!-!:it is the per hour ·charter cost of the aircraf:t? 
Depen~ent on type used. 

Eo~1 r.·;~::y ?~Qpl~ .::.re· required oa bo~trd for c.:.ch fli~h:: (e:-:du:~tv.:! of fli~-;:!t <:reH)! 

See 113 above. 

__ I 
L~:.i::-.::! clo yNt rcco:-:::end that fj ir,htfi he !:t:!~vd ft·o::-:? 
~ould be most convenient if equipment could be carried directly fron Fairbanks to 
Oliktok D~i station; failing that~ either Barrow or Deadhorse (pref'erably the 
latter) V'Ould serve as staging point. 

i 
I 

l 
l 
I 

I 

I 
!· 
I 

'f 

I 



l 

I 
! 

0~ 
l 
I 

Lo,;~stics Requireme\' Form - pac;e 3 . 75 

----- -:· ~:_('~::~;_:.--;:- · ::i;p~;r/1:f .. :. :i!~~ D:r]"i";·I":~it·-··--·--·-·-·.-···· ·------ -:--··----~·- -·- ·---'---------·,..·-·----'-·-----~ 
--~.;-i.-r~~--;::·~ pcoiu~~-:.-~Tt~~~~-~;; Ht!d/t.•r :;::;·t;_{l!l !.:cl~,::!r.~" on a c:.:!t;!rt·c.(lt~-:;-;.:;;:-··-----

(:;ot•::!: lf fl j:r,h::~• nrc .foe t;;.,.nspt:.rt: of: p:!r:>orm-.!1 or t.,.ciui.pmPnt: rmly f.~:o-; h.t~':'! 
r:.:::.-::p.::> ::o [i..!ld c:,1;:tps anti vL:;.'1 .\'!!t"Sa, dtar.t suh::li:>~•i.on Js not th'C:!S::><try hul: 
o:i;;b · ~r;d clcsti.n:ldun pojnt::; ~;hoald i:t~ J.i<.;tc:d) 

Ap~rox~ately 2 hours. flight per t~o week period in vicinity of Simpson's Lagoon. 
Freig~~ and personell transport, Oliktok to Pingok Island in early June and late 
Septe=~er. ~uscellaneous personnel tr~,sport at other t~es. 

-----------~-----2J v~~cri~~ types of o~s~rv~tio~s to be ~aJ~. 
Ei~d ce~sus; freight and personnel transport. 

3. 
·-----------~~ 

~-;~.Jc i.s ::he optir::u=t ti:!lt! chro~:.ology ot ob:;;::rv<lt ions on n St:!<•son:.tl ba:.:>i:> .t::d wh.:~.t 

. 4. 

s. 

is th..:! ::~a:-:imum. nllowable departure £ror.t the:se optimu:.t ti2es? 
!!a:d.:r::I'.!:l time chronology: Bird census - bi•reekly, late l·!ay through mid-September. 
A.ll.o· .. "'a"ole departure: A few days f'ro:::a. each scheduled flif>ht. (June 1, SeEt. 20 = freigh 

-- . ' 

P.o-:.~ ;::any days. of helicopter qpe::::-ations axe required a~:.d hm·I nany flight hc..htrs 
uer M:lv? -
~i:atea 12-14 days helicopter operation; 3-4 hoUrs per day. 
Total ~light hours? About 40 flight hours. 

nO"..r Eany ·people are ·required on board for erich flight (exclusive of the p:tl-:1;;:)? 

Bird su.-veys require two persons + pilot. Other flights yariable. 

t-.'h"l t arc the \-.'eir;h tS and Ui!!lension.3 of E:!GU l.pr-JE'lnt or ::::upplj es to be tr<l!lSp.::•:-t> ·-..i ·? 
Several tons of equipment transported, OliKtok to PingoK Island in early June and 
la.-E'e September. Equipment transport at other times, little or none. 

.\ I 
7. ~t;.•at ::.ype of h.clicoptcr do you recom.'"!lend for your operations nud t.-.hy? 

Bel2 205 is optimum because of precision of its navigation equip~ent. 
Bell 206 is second choice; has less desirable navigation system. 

-~ 

&. Do you r.::'!COU:i:!end a particular source for the helicopter'? If "ycs11 ple:c::.se n~.:te 
the source and the reason for your reco~-:\endation. 
lio. 

9. 1-.i~at is the per hour chol·tct· cost of the b:iU.ct,ptct·? 
ApproX±:a.tely $500 

10. \-:"ncr .. "! co yott rccor:!mend that fli&hts he .st<!$ed fron? 
Dead1::o:-se Airport 

. . 

Radar alticeter and precice compass orientation desirable. 
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··-i). ~~~~:.:;~-J ~--·~--~:-. .:'.:~~:-~~~~i-: !;-!";-:~;; ::·::------------~---~-=~---:~~--~~~=-~~---~~~~ ~- :-~~-~---1 
--~. t·.:1~C. ::.:~ '-··--i.tC ···""!:t:.t t.~c;n,.,;·t:~- i-:--~-=-::;:-.-1~.:-:-'.:~:--:~o:~s::t .. ; .. t:-,,..t~c..:~ in tl:·.! · f i<..!li.l •tt·· .. ~.i~: · 

-- <""':""7 ............ ,.~ ... ]1.-.. .. - .. , .. • ~ ... -. 1-:-~ -- ... :· ....... ~ ........ }, ... -·.. ... . \ .... , .. 1·- .I 
-·---''- '""--:Lllt>_,_,_n ... _. !•llonlu r:~ ;:;>:r:::.::o::1 .~,;-..-a h·' (.-1) IL'..: • .~t.ton, -(,.) ca .... ~nt. .. n p~.·ciod~ 

(.::.) ~-:t:::o~r of ;":::-.:;'-·nn.!l rJ.::r cl.~-... .., __ , rol·.,·l. ,~:tt ·1 -1-.,·; llcr p.~ri·l,l) t 
.. .. -., ----- - ... 1. .l(.l '-4t •• 

He a:rti:;ipate using the· :fiel.C. c~ on Pir.gok Island again in 1978, 1 June-l.a.te Sept. 
nu=.:e:- of people at the :ficl.'i ~a=:> -...ould be a. minil!'.tmt of 6, to a maximum of 10-J.2· 
d~:..::; l.ate SlF"'"'er. Other q_ua::-;e::'; a."'"!C. s-:1bsistence requirements -would be periodic 
n~e-:!:::; at e.s yet U11deter.rdned ~:..::.es -::; 0 0 yernight at Dea.dhorse or UARL. Estimated 
!lla:r~ ~ of' 1.0 l:lan-de.ys t·otal- a"t ec..c~ place. · 

2 D 
1 • . ? I r: II tl .1 . . 

• n>t" o ):"~u. rcc.o::m:ei!.~:. ~ pa_rt1cular s.:~-:'ce for t!lis sup:;ort. t ):es p e.Js~ na.n.a 
the source and the reason for yo::.:r ::-ecc:::, . .-:;e.ndation. 

Yes, "l<r"'"e •-ould like to use N.~ll.L a..:,.-ai:l .;.., 1978 for food 7 fuel, and other Ca!!!.P 
ma~~~~nce support. Reason: cc~.enience and reasonably pricedo 

~3~~~~~------~~--~--------~------~·------------------• WhJ: is your c~t!cated per c3n ~~y ccst for this support a~ each location? 

Est~ -zted. cost of support per r::.:a:=.l C:a.y = about $20. . 
(est'L---.,.te based on approximate ccst. for support in 1977) 

HOtl cirl ,.0:.1 derive th-t s f i ...... -,., ..; "' .. J - -c..:~,.·--,. ...._'Q ........ , 

port2~n represents subslstcn~~ a=d is 
r.atcs at t~e locction or o~ cst~t~a 
C<lr:::p? 

. - .-......___· -- ... --' -. ~------------

~,.;£;;-:.t: pot·tion represents quarters .;.ncl lo:h:lt:: 
the fiptrP. bnsell on est~blishcd cor:::::erc:ial 
costs to cst<.1blish ~nd I::aintain ~ field 
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:-o- "" 

:_-,;-:;i~::·Ic3· l'·:w:L:·...::::: · · ----- --------·---------- ·---- . I 
------:-.. - •.. .,. - .,-l -lo "~l.·--::-: ·l.:-.:-::---;:;-- .;-i,-:::;::-·ly;::;·-you-·· n L·;-;:Tp-.--;;:--;;-l::-:-;:ot • .,.-:;-(,--;;:;;--:~-;-('')0--;::--;~·-;:,j--·;·: -.;----

·~.--~- ~J .. .. \ .. ·- ..,., ..... "" -J J ... ~"'- - ... ~. • ., ... ~..\,. '•'- ............. J .. _ 1 .... ) ... -·--· ... , •• ,}. 

,_:v ::::m i'r-.:~pose that: tho?. p::-::':l~::.:::::s 1~>?. soLv,-,d? (Pro•.r.~t!c cost ;_·~:tin.,t~!> :Jn:! jn-
=~ ic~:~ t.:h~::her you pr·.">:'o~e h.:~dli..n£; tht~ proht• .. ·i7'!S )"n:tr::-;~lf o:- llh~ther :;-ca! 1:1u~~t: 
,:?~~.:;d 011 YOAA to so bre :::l!·.?:::J. for. you?. 

::-=.~ ?~incipal concer:! is ~::a--; LG!. be able to sa:nple offshore·~ fro::l the MU!lia.lt 
~~ s~~lar vessel,tvi~e t~i~g the s~er for several days each time. Tne 
::.·;.aila"::>ili ty of the J-.2.:·-::. a::: C.e?ends upon the needs of other investigators :t 
~~~~~ vill detercine its ~~,~se pattern. 
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PROGRAM INTEGRATION 

FOR THE NOAA OCS ENVIRONMENTAL 

ASSESSMENT PROGRAM 

Statement of Work 

SAI l-022-71-781-24Rl 

Research Unit #468 

Total Cost: $475,000 

Submitted by: 

Science Applications, Inc. 
1200 Prospect Street 
La Jolla, California 92038 
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STATEMENT OF WORK 

Since May 1976, SAI staff have assisted the NOAA/OCSEAP Program Office by 
performing a multitude of tasks, ranging from summarizing, integrating, and · 
synthesizing data and results from OCSEAP studies to preparing graphics, brief
ing documents and ·management plans. SAl's varied contributions to the program 
and interaction with the Program Office, Project Offices, Pis, and related 
state and federal agency personnel has afforded us an opportunity to realize 
the complexities and goals of a program of this magnitude. This understanding 
offers a unique capability to OCSEAP, and assures that future contributions 
will continue to be relevant to the overall objectives and requirements of 
the Rrogram. 

SAI proposes to continue providing program support to OCSEAP, working in 
close collaboration and coordination with the Program Office, Project Offices, 
and principal investigators as required. This support will include providing 
specialized technical consultation and support services as needed, and assist
ing in_any activities associated with the Outer Continental Environmental 
Assessment Program as needed. Following are examples of specific tasks and 
support functions where SAI could assist OCSEAP: 

Synthesis and Subject-Specific Workshops: A major SAI contribution will 
be synthesis reports, documents resulting from our participation in lease area 
synthesis meetings. The intent of the reports is to synthesize relevant data 
from all available sources to produce a comprehensive, interdisciplinary view 
of each lease area which will aid in the decision-making process. Four syn
thesis meetings are currently scheduled for FY 78. SAI will work with the 
Program and Project Offices on the design of the scientific formatand the 
organization and coordination of the meetings, in addition to participating 
at the meetings. Following the meetings, SAI staff will prepare appropriate · 
synthesis reports, the content and format of which will be decided by NOAA 
staff. 

In addition to lease area synthesis meetings, program reviews and dis
ciplinary workshops (e.g., Trophic Dynamics Workshop, Geology Workshop, Effects 
Workshop) may be conducted to further contribute to the understanding of physi
cal processes in the lease areas and any impact oil and gas development may 
exert upon the systems. SAI can provide any, or all, support required for 
these meetings ranging from structuring the scientific format and objectives 
of the meetings to logistical organization to writing a summary document of 
the meeting(s) in a man.ner which would be useful to meeting participants, 
OCSEAP staff, and decision makers. 

Data Management.: Developing the methodology and scientific implementation 
systems necessary to enable the synthesis of data and information products 
resulting from the Alaskan Outer Continental Shelf Assessment Program requires 
a data management system oriented towards statistical analysis·and capable of 
handling data of different disciplines and formats. To facilitate useful and 
comprehensive synthesis, computer capabilities can be developed to produce 
plots of data and statistical analysis. In addition, available data sets, 
utilized in the preparation of a series of maps, could provide a readily usable, 
synthesized picture of Alaskan OCS resources that might be affected by oil 
development activities. Graphic display of OCS"EAP data could be used to check 
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for features indicative of environmental sensitivities or possible data errors. 
X-Y plots and other graphics could be used for cross correlation of disciplinary 
data sets generated in different seasons or at different localities, and 
interdisciplinary data sets collected at the same locality iri the same season. 
The maps could be used in constructing ,synoptic pictures of multidisciplinary 
data sets gathered on the most sensitive portions of the lease areas. SAI 
has highly sophisticated data management capabilities to meet the above needs. 
Data management activities and the resulting products will form an integral 
part of the lease area Synthesis Reports and therefore further meet BLM assess
ment needs. 

OCSEAP Draft Annual Technical Summary Reports: Draft annual technical 
surrunary reports will be written by SAI personnel .. Annual and quarterly 
rep9rts will be thoroughly reviewed and summaries of the principal findings 
will be prepared by lease area. Significant program achievements and techni-
cal progress will be documentedr · 

Research Needs Identification: There appears to be a need for projects 
to test available data and models, and to determine ·their adequacy for assess
ing environmental effects from hypothesized contamination and perturbations. 
SAI has the capability to perform such· analyses which include sensitivity 
tests to de'termine the weakest ·1 inks in the source-transport-receptor-effects 
relationships and contaminant pathways. Such efforts could aid the Program 
Office to adjust the priorities and direction of future research projects to 
supply BLM and other decision makers with relevant, up-to-date information. 

Environmental Processes Studies: A critical component of synthesis is to 
identify and study environmental processes, species, and their interaction in 
relation to oil and gas development; and concentrate on understanding these 
relationships within a particular environment. Such studies depend on the 
integration of data from all relevant scientific disciplines and the close 
linkage between laboratory and field studies. Ideally, a series of questions 
would have to be formu·lated and incorporated into the- technical development 
plans to avoid communication gaps which may obscure the definition and under
standing of synthesized end products. The Bering Sea Environmental Processes 
Study management and technical plans, prepared by SAI personnel in cooperation 
with John Kelley, were intended to address these objectives. SAI could 
continue its effort in assisting OCSEAP with design and implementation of 
environmental processes studies for other lease areas; at all times working 
closely with the Program and Project Offices. 

Compendium of Graphics: SAI possesses the capability to design charts, 
graphs, and overlays which would display, in a comprehensible fonm, data 
developed in OCSEAP and elsewhere. This effort would be in addition to the 
synthesis documents and is viewed as a special tool to further achieve syn
thesis of data on an area-by-area basis. Selection of the material to be 
presented, the format in which it will be presented, and the layout to be 
utilized would be coordinated with the OCSEA Program and Project Offices. 

Other: SAI staff will be available to assist the Program Dffice.in any 
additional OCS related tasks that are requested. Examples includ~: assist
ing in TDP preparation; briefings; gathering and presenting data for federal· 

'• 
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permits; writing of informational pocuments; technical review of programs; 
identifying key future issues; data management; preparation, testing and use 
of selected computer software packages; hiring consultants to assist with 
special pr'ojects or to provide a particular expertise to OCSEAP. The diver
sity and experience of SAI staff allows us to provide a variety of services 
in program integration and management. Such tasks would be identified by 
the OCSEA Program. Office and could be of a long-term, short-term, special, 
and/or one-time nature. · 

However, SAI reserves the right to decline certain requests for assis~ 
tance on the grounds that it may prevent future bidding on competitive RFPs .. 
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l-024-71-791-02Rl 

21 March 1978 

Department of Commerce 
National Oceanic and Atmospheric Administration 
Environmental Research Laboratories 
Boulder, CO 80302 

Attention: Ms. Jane M. Ludka 

Subject:' Contract 03-7-022-35213, 
Proposal for ·Program Support Services 

Reference: SAl Letter CD 2047 dated 3 March 1978 

Enclosure: (1) Statement of Work dated 20 March 1978 (3 copies) 
(2) Optional Form 60 dated 20 March 1978 (3 copies) 
(3) Assumptions and Conditions dated 20 March 1978 

(3 copies) 

Dear Ms. Ludka: 

CD 2074 

In response to your request of 20 March 1978, reference proposal for 
relocating Dr. Jawed Hameedi to Juneau, Alaska has been revised and is 
resubmitted herewith. 

It is trusted that this proposal adequately reflects your desires. I am 
available at your convenience to discuss this matter and may be contacted 
at extension 228. 

Very truly yours, 

Inc. 

A. I. Dow 
Manager of Contracts 

AID/an ~ 

cc (w/enc1.): NOAA/OCS Program Office 
Boulder, CO 80302 
Attn: Mr. David Friis 

NOAA/OCS Program Office 
P.O. Box 1808 
Juneau, Alaska 99802 
Attn: Dr. Herb Bruce 

Science Applications, Inc. 1200 Prospe 308 J. Box 2351, La Jolla, ca. 92038,7141459-0211 

Other SAl Offices: Albuquerque, Ann Arbor, Arlington, Atlanta, Boston,Chicago, MUntsville, los Angeles, Mcle~n, Palo Alto, San Diego, Sunnyvale, and Tucson. 



.STATEMENT OF HORK 

Enclosure (1) 
l-024-71-791-02Rl 
Page 1 of 4 

SAI proposes to provide management support to OCSEAP Project Office in 
Juneau in the planning and conduct of research activities in the Kodiak and Aleu
tian lease areas. SAl support shall include, but not be limited to, providing 
specialized technical consultation and recommendation and support services as 
needed and assisting in any activities associated with the Outer Continental Shelf 
Environmental Assessment Program (OCSEAP) as needed. Major areas of support out
lined in this proposal include: research coordination, preparation of Technical 
Development Plan (TOP) and synthesis of scientific information through meetings 
and workshops. These functions and assignments are similar to those of Lease.Area 
Coordinators, currently members of Project Office staff .for eastern Bering Sea and 
Lower Cook Inlet. 

Research Coordination 

Concentrated OCSEAP studies in the Kodiak and Aleutian lease areas were in
itiated in FY 76 and FY 77, respectivP.ly. These studies are focused on the 
assessment of environmental impact of the proposed oil and gas development over 
the continental shelf which would involve highly complex, extensive and, at times, 
innovative use of technology in areas where industrial development has been only 
modest. The overall objectives of OCSEAP is to acquire the necessary information 
for the Bureau of Land Management (BLM) which will: 

• Enable an assessment of potential impact of oil and gas ex
ploration and development on the marine environment of the 
Alaskan continental shelf. 

• Provide pertinent information and data to influence leasing 
regulations, operating procedures, inshore facility design 
and location, and design of monitoring programs to permit 
resource development and also maintain the quality of the 
natural environment. 

These studies follow the OCSEAP Program Development Plan in developing and 
r.anaging scientific studies and providing scientific products and deliverables. 
Research program for each lease area has evolved around OCS Planning Schedule, 
inforr:,atio:o needs and objectives of BU~. and specific regional environmental 
character·istics. These studies are being.supplemented by extensive literature 
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Enclosure ( 1) 
l-024-71-791-02Rl 
Page 2 of 4 

·search and compilation and review of available scientific data and results as 
they pertain to the description of the environment and possible effects of 
OCS development. 

Planning changes in OCS development and leasing schedule recessitate a 
shift in emphasis and direction of OCSEAP research.fr:om one lease area to· 
another and timing .of data collection and completion of certain PDP tasks within 
a particular lease area. Proposed date of Kodiak lease sale {Sale #46) has 
changed from Decembe'r 1976 (June 1975 schedule) to November 1977 (November 1976 
schedule) to October 1980 (August 1977 schedule). These changes influence BLM 
requirements for environmental assessment information, especially.concerning the 
level of spatial and temporal resolution in the collected data. Therefore, a 
close supervision and coordination of ongoing and proposed research activities 
and information exchange with BLM are required to insure that research projects 
are mission-oriented within the context of OCSEAP's objective. In this regard, 
responsibilities of Lease Area Coordinator (LAC) include the follovling: 

• Coordinate existing research projects. 
1 Define and update information requirements for future research. 
1 Prioritize or restructure individual projects to meet changing 

needs of BLM. Provide recommendations and consultations relative 
to program restructuring decisions, as required. 

• Act as Project Coordinator for· interdisciplinary and multi
institutional research units involving joint collection of data 
and exchange of information among various investigators, for 
example in case of Integrated Trophies Studies over the Kodiak 
Shelf. Such a role in the Project Office would establish vital 
communication links, enhance project integrity and maintain it's 
relevance to OCSEAP objectives. 

Technical Development Plan 

Lease Area Coordinator for Kodiak and Aleutian areas will be responsible 
for the preparation of Technical Development Plans (TOPs) for these areas. 
TOPs are developed annually and when approved by BLM are the major implementation 
mechanisms for the PDP. These TOPs follow the Technical Approach described in 
the PDP and provide: a more detailed description of the specific work to be 
undertaken each fiscal year; a description of how the work in the individual 
TOP addresses the overall objectives of the program; a planned schedule; required 
funding; and, finally, how that year's work fits into the long-term study for the 
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·area. Primarily, each TOP includes the following: 

• The relationship of the individual TOP to the PDP. 
Specifically, the relation of the TOP objectives and 
milestones to those in the PDP arid the relative re
sponsi bil iti es for each TOP • s management and 1 ogi sti cs·. 

• The scope, objectives and applicability of the subtasks 
to be undertaken for that area. 

• Rationale for selection and level of effort of the sub
tasks and research units {RU) to be undertaken during 
the year. 

• Intra-and inter-area relationships of RU, subtasks, 
tasks~ and interdependencies, \'there appropriate. 

• Funding levels required by subtask or RU. 
• Detailed description of the objectives~ sampling and 

analytical methods, and expected prpducts from each 
s~lected research unit. 

• Data products ·and deliverables, and a schedule for that 
year's delivery, the relationship or interdependence of 
those deliverables to one another and to BLM's needs. 

ET)closure (1) 
1-024-7l-791-02Rl 
Page 3 of 4 

• the logistics support to be provided by the Government to 
the subtask level if known. 

Meetings and Workshops 

·communication and coordination among principal investigators, OCSEAP 
personnel and BLM representati.ves is an important element of OCSEAP. Periodic 
meetings, by discipline and lease area are scheduled to revie\'1 and update 
status of knowledge, identify research needs and priorities, and point out 
operational or communication problems within OCSEAP. Synthesis Meetings are 
planned to seek a comprehensive understanding of the structural and functional 
aspects of the environment of·each lease"area and identify the impacts and 
effects that are related to oil and gas development. It is accomplished by 
organizing and reviewing information by lease area; involving principal investi
gators, OCSEAP personnel and other scientists in synthesizing all available in
formation into a cohesive whole and highlighting potential problems and deficien

cies for consideration by OCSEAP and BLM. 
In addition, smaller meetings and workshops are encouraged where specific 

problem~ require strong interpersonal scientific contact. In all cases, meet
ing or workshop structure is oriented toward the overall research objectives 
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with an agenda which ensures that benefits accrue to both the particiapnts 
and to OCSEAP. 

Lease Area Coordinator will plan5 organize and conduct lease area 
Synthesis Meeting, research coordination meeting, and also design synthesis 
and integration methodology, as required. He will also act as Chairman of 
these meetings in the absence of or on behalf of the Project Office Manager. 
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1978 Proposal 
R.U. 473 

TITLE: Shoreline history of the Beaufort and Chukchi Seas as an aid 
to predicting offshore permafrost conditions - R.U. 473 

PRINCIPAL INVESTIGATOR: David M. Hopkins 

TOTAL COST OF PROPOSAL: OCSEAP $30,050 

INSTITUTION AND DEPARTMENT: U.S. Geological Survey, Branch of Alaskan Geology 

DATE OF PROPOSAL: June·28, 1977 

REQUIRED SIGNATURES' ~ ~ 

Prin::::l I:~·:~i::::~s ~ ~;f D~ June 28, 1977 
Address 345 Middlefield Road, Menlo Park, CA 94025 

Telephone FTS 8~467-2659 

Required Organization Approval 

Name A. Thomas OVenshine 

Address 345 Middlefield Road, Menlo Park, CA 94025 

Telephone FTS 8-467-2231 ----------------------------
Organization Financial Officer 

Name fc;Elwood H. Like (""?c,, c( ... c,. 
~ 

Address --~O~f~f~i~c~e~o~f~M~i~n~e~r~a~l~R~e7s~o~ur~c~e~s7,~u~·~S~-~G~e~o~l~o~g~i_c~a~l~S~u~rv~e~y~,~~~-
National Center, Mail Stop 913, 12201 sunrise Valley Drive, 
Reston, VA 22092 

Telephone ___ F_T_S_8_-_9~2~8~--6~5~7~2~~~-----
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TECHNICAL PROPOSAL 

I. Title: Shoreline history of the Chukchi and Beaufort Seas as an aid 
to predicting offshore permafrost conditions. 
Research Unit 473 
Proposed dates: October 1, 1977-September 30, 1978 

II. Principal Investigator: D. M. Hopkins 

III. Cost of Proposal 

Total 30,050 
Distribution of Effort by Lease Areas 

Chukchi Sea 75% 
Beaufort Sea 25% 

IV. Background 

This study was originally conceived to provide supporting data for 
development of an understanding of the distribution of offshore 
permafrost (R.U. 105, 204, 253i 271, 456). Discussions at the 
Barrow Synthesis Meeting, February, 1977, showed that the study 
also provides information needed to assess the biologic and geo
logical ±mpact of gravel-mining of beaches and barrier islands 
and of construction of causeways and jetties. It supplements 
process-oriented studies of the modern beaches and barrier islands 
(R.U. 59) and of rates of coastal change over the last few decades 
(R.U. 407) by providing information on coastal changes over millenia
long time spans. 

v. Objectives 

1. Survey lithology, stratigraphy, geochronology, paleoecology, 
and ice content of rocks and sediments exposed in selected sec
tions of the coastal bluffs. 

Relevance: Provides data needed for prediction of horizontal 
and vertical distribution of bonded permafrost on the continental 
shelf and potential for thermokarst subsidence in adjoining off
shore areas. 

2. Collect information bearing on climatic history (summer, winter 
temperatures, thickness and continuity of snow cover} during last 
30,000 years, in coastal northwestern Alaska. 

Relevance: Thermal history is a parameter needed for development 
of predictive models for offshore permafrost. 
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TECHNICAL PROPOSAL (Cont.) 

V. Objectives (Cont.) 

3. Identify gravel sources and gravel sinks along Beaufort and 
Chukchi Sea coasts. 

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 con
sequences of removal of barrier islands for construction of arti
ficial 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. 

VII. Sampling Methods 

Samples selected by eye to obtain those providing maximum geochrono
logical or paleoecological information. 

VIII. Analytical Methods 

Radibcarbon dating. Amino-acid-racemization analyses for purposes 
of correlation and age estimates.. Some thin-section microscopy to 
identify distinctive pebble types that can be related to specific 
sources. Paleontological studies (pollen, mollusks, and vertebrates). 
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TECHNICAL PROPOSAL (Cont.) 

IX. Anticipated Problems 

Some barrier islands may have originated from sources that have sub
sequently been eroded to sea level and then drowned by rising sea 
level. If this emerges as a realistic possibility, then sources 
must be sought by use of bottom sampling coupled with high-resolution 
profiling. 

X. 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 showing 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 

E. Data Submission Schedule 

First new data will be collected 7/15/77-9/1/77. Data collec
tion will be finished 9/1/78. Data will be submitted in or as 
appendices to Annual and Quarterly Reports. 

XI. Information Required from Other Investigators - none 

XII. Not applicable. 

XIII. Special Sample and Voucher Specimen Archival Plans 

Samples archived in Principal Investigator's office until no longer 
needed and then to be discarded. 

Important paleontological specimens will be retained in collections 
ofPaleontologyand Stratigraphy Branch of U.S. Geological Survey as 
long as needed. Types, illustrated specimens, and other signifi
cant material will ultimately be deposited in the U.S. National 
Musemn. 
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XIV. Logistics Requirements 

Billeting at Naval Arctic Research Laboratory during late July and 
early August, 1978: 2 men for 6 days each. 

Helicopter or Twin Otter support to move field party to field area: 
3 R.T. to points between Barrow and Harrison Bay during late July 
and early August, 1978. 

XV. Management Plan 

Management of the project is the responsibility of the Principal 
Investigator and the administrators of the Geological Survey. 
The Principal Investigator will lead and supervise the proposed 
work. 

See page 7. 

XVI. Outlook 

The last fieldwork will take place during the summer of l978. 
Following.that fieldwork, samples will be analyzed, and in November, 
1978, work will begin on the final report, which will consist of 
maps showing the erodibility, long-term erosion rates, and vertical 
position of the highest driftwood line for segments of the Beaufort 
and Chukchi Sea· coasts between Point Lay and Flaxman Island. 

Costs for terminal phases of the project during FY 1979 will be 
about $30,000. 

XVII. 1. Updated Activity/Milestone/Data Management Charts will be sub
mitted quarterly • 

. 2. Quarterly reports will be submitted in sufficient time during 
the contract year to be in OCSEAP hands by the first day of 
January, July, and October, annual reports by April L The 
Final Report will be submitted within 90 days of the termina
tion of the contract. 

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

4. At the option of the Project Office the P.I. is prepared to 
travel to the Project Office at least twice during the contract 
year to review project status and progress. Such reviews will 
be scheduled on dates mutually satisfactory to both parties. It 
is understood that costs of the travel and per diem for these 
trips will be borne by the Project Office. 
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XVII. 5. Data will be provided in the form and .format specified by 
OCSEAP, accompanied by a data documentation form (NOAA 24-13). 

6. Data will be submitted within 120 days of the completion of 
a cruise or 3 month data collection period, unless a written 
waiver has been received from the Project Office. This does 
not apply to report requirements (see par •. 2). 

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

8. Title for all property purchased with OCSEAP funds remains with 
the U.S. Government pending disposition at contract termination. 

9. Three (3} copies of all publication or·presentation manuscripts 
pertaining to technical or scientific material developed under 
OCSEAP funds will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release. The release of such 
material within a period of less than sixty (60) days shall be 
made only with prior written consent of the Project Office. 
News releases will first be cleared with the appropriate Project 
Office. 

10. All publications and presentations of material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The fol
lowing standard acknowledgement is acceptable. 

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

RU i.': 473 PI: D. M. Hopkins 

;-~.::j':>r riile~tOnt's: Reporting, duta :.-.~nagc:i'ent t~nd other ~i0rdfic.;nt 
contractu~l requirements; periods of field work; workshops; ~tc. 

-- FY 1977 k •. '01 "'ILE~T"'''::."S _oti; f.,\ ... • •• . v.•~ ,J A S ------ --r--

I Prepare for field season I 
I Fieldwork, Flaxman Island to Har~ison Bay I - --

Analyze 1977 field data r-- --
I - -Prepare preliminary report on coast between 

Pt. Lay and Pt. Barrow ~- r-- ---
I Prepare preliminary report on Beaufort Barrier 

'I 
I 

Islands I 
i Prepare preliminary report on mainland coast, 

I ·j Flaxman to Colville. River 
·1 I Prepare for 1978 fieldwork 

--
I 
1 Fieldwork, Barrow to Harrison Bay I 

I Analysis of 1978 field data 

I 

' 

I I 
: Prepare final report I 

I I I 

I 

I Quarterly Reports 

I Annual Report . I i I I . I 

i I 
I 

I 
~~-' -

1 
I 

' --. --r 
I l 
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Renewal Proposal to U.S. Department of Commerce 
National Oceanic and Atmospheric Administration, Environmental Research 
Laboratories for "Characterization of Organic. Matter in Sediments from 

· Gulf of Alaska, Bering and Beaufort Seas 11 

Contract 03-6-022-35250 
Research Unit #480 

q.f{.~ 
I.R. Kaplan, Principa{Investigator 
Institute of Geophysics & Planetary 
Physics, UCLA . 
Telephone Number213/825-1805 
Socia 1 Security Number: 546-56-6808 

C.F. Kennel, Acting Assoc. Dir., IGPP 
Telephone Number: 213/825-1580 

W;E. Reed, Co-Principal Investigator 
Department of Earth & Space Sciences 
UCLA . 
Telephone Number: 213/825-2819 
Social Security Number: 460-46-1931 

(i}() ,_.,fMb~~~ C~all, Cha1rman,~ th& Space Sci. 
Telephone Number: 213 825-1475 

Jerry R. Fabian, Contract & Grant Officer 
Telephone Number: 213/825-0759 

October 1, 1977 to September 30, 1978 
Amount Requested: $100,744 

Date Submitted: June 14, 1977 

The Regents of the University of California 
Institute of Geophysics and Planetary Physics 

University of.California., Los Angeles, California 90024 
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. 3.. TECHNICAL PROPOSAL 

I. Title: 11 Characterization of Organic Matter in Sediments from 

Gulf of Alaska, Bering and Beaufort Seas" 

Contract: 03-6-022-35250 

Dates: October 1, 1977 to September 30, 1978 

II. Principal Investigators: 'I.R. Kaplan ·and W. E. Reed 

III. Cost of Proposal: 

Total: $100,744 

· Lease areas and percentage of total effort: 

-Lower Cook Inlet (50%) 

-Norton Sound (25%) 

-Kodiak (25%) 

IV. Background:and Current Research: 

The studies to be undertaken in this project will be the analyses of 

total ,carbon, nitrogen, and sulfur, high molecular weight hydrocarbons, 

carbon isotope ratios and low molecular weight hydrocarbons in sediment. 

Samples for these studies were collected in the summer of 1976 using the 

U.S. Geolog~cal Survey ship the SEA SOUNDER. Studies on these samples 

are continuing, and some results wel~e provided in the Annual Report. 

Current Research 

Elemental Analysis of Sediments. Sediment samples were collected 

during July-September 1976 in Lower Cook Inlet, Kodiak Shelf, N. Bering Sea, 
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and Beaufort Sea and have been analyzed for total carbon and organic· carbon. 

Nitrogen and sulfur analysis of the sediments is in progress. 

The methods used in the carbon analysis involve the use of a Leco 

combustion furnace and acid-base carbon determinator and are described 

in a previous report {Annual Report, 1976, RU #275, subcontract). A 

modification of the sample preparation procedure was included in this 

year's analysis to decrease the sample preparation time. Instead of re- · 

moving carbonates with acid while the sample is in the crucible, the 

sediment sample was placed on glass fiber filters, the carbonates removed 

with acid, followed by a rinse with distilled water. The filter and 

carbonate-free sediment are subs~quently placed in the Leco crucible and 

dried prior to analysis. 

High Molecular Weight Hydrocarbon Analysis (HMWHC). In our effort to 

chara~terize the distribution and concentration of HMWHC in surficial 

sediments, we are trying to improve and test our procedures of extraction 

and analysis of hydrocarbons. During the analysis of sediment samples 

collected from the E. Bering Sea .and 14. Gulf of Alaska we found that the 

saponification procedure did not sufficient remove fatty acid methyl 

esters, which subsequently eluted in the benzene fraction of the column 

chromatographic separation. The methyl esters were present in much greater 

concentrations than aromatic compounds, thus interfering with gas chromato

graphic analysis of these important compounds. Consequently, we developed 

thin layer chromatographic procedures to eliminate the saponification 

step {see Methodology}. 

Lm'l Molecular Weight Hydrocarbon Analysis (LMWHC). We also have 

a program to characterize the distribution and concentration of U1WHC 

{c1-c8) in surficial sediments from the Alaskan continental shelf. These 
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measurements are necessary to determine background conc~ntration of these 

hydrocarbons9 which may be derived from biogenic or abiogenic processes 

affecting recently deposited organic material. Alternatively, these 

LMWHC may be derived from natural oil and gas seeps. The analysis of 

LMWHC in the sediments is a necessary complement to other research ef

forts, such as the determination of HMWHC in sediments, LMWHC in sea 

water, and microbiota in sediments, which in total allow an assessment of 

the dynamics of petroleum hydrocarbons in the shelf environments to be made. 

Accurate determination of LMWHC in sediments is difficult because 

of the low concentration of these compounds and their inherent volatility. 

During our survey of LMWHC in surficial sediments from the E. Bering Sea 

and W. Gulf of Alaska we placed the collected sediments in sealed cans, a 

method that minimizes loss of volatile components. However, the method 

of static headspace sampling of the cans for gas chromatographic analysis 

was not sensitive enough to detect significant concentrations of LMWHC. 

Consequently, we have been developing a method that would concentrate 

LMWHC and thus provide increased sensitivity. In addition, methane is 

separated from selected samples for 13ct12c isotope measurements. 

Background 

To the best of our knowledge, no previous studies on C, N, S, or 

HMWHC have been conducted on the sediment in the detail described. By 

contrast, U~WHC analyses are being conducted in the Bering Sea by 

Or. Joel Cline, Pacific f•1arine Environmental Labs., NOAA, Seattle, and 

Or. Keith Kvenvolden, Marine Geology Branch, USGS, Menlo Park: In par

ticular, the fanner has suggested that natural seeps may exist in Norton 

Sound, based on shipboard LMWHC analyses. 

-This summer samples will be obtained from Norton Sound aboard the 

USGS R/V SEA SOUNDER which will be operating in the northern Bering Sea and 

in particular in the gas-seep area. During 1978, it is hoped to obtain 
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samples from Kodiak Island and the northwest shore of·Lower Cook Inlet .. Maps 
' of locations sampled already are included in this report. Areas tentatively 

identified as those to be sampled at a future date are marked as---- on 

the maps (Figures 1 and 2). 

Sample exchange will be made with Dr. Keith Abel (RU 506), who will 

measure physical parameters of the sediment. If possible, sampling co

ordination will also be made with Drs. J. Cline (RU 153), D. Burrell 

(RU 162), and D. Shaw (RU 275}. 
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Figure 1. Locations of samples collected during 1976 in Lower Cook 
Inlet and Kodiak Shelf and proposed sample locations for 
1977-1978 (----). 
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v. Objectives: 

The major objective of the investigation will be the analysis of 

both light and high molecular weight hydrocarbons in surface sediment 

from Lower Cook Inlet, Norton Sound and around Kodiak Island. Particular 

emphasis will be placed on analysis of sediments that may already contain 

significant concentrations of petroleum hydrocarbons, either as a result 

of -natural seepage or anthropogenic activities. 

In Lower Cook Inlet a sample grid will be established to include 

sediment from both the eastern and western sides of Cook Inlet in areas 

where petroleum hydrocarbons may accumulate. Crude oil has been pro-

duced in upper Cook Inlet and in Kach~mak Bay-and oil spills have occurred 

periodicall_y. An effort will be made to determine whether any oil still 

persists in the sediment. In the west, natural seeps have been documented 

onshore. It is not known whether the offshore ~ediments are petroleum 

f~ee or not. These studies will determine whether hydrocarbons accumulate 

or degrade rapidly in the Lower Cook Inlet environment. 

During a r'ecent survey of petroleum-related hydrocarbons in Norton 

Sound by J. Cline, Pacific Marine Environmental Labs., NOAA, Seattle, an 

unusual acc~mulation of dissolved c2-c4 hydrocarbons was observed in a 

localized area approximately 40 km south of Nome {Figure 3). Concen

trations of ethane and propane reached maximum values of 9.6 and 3.3 nl/1 

(STP) at the locus of the seep or more than a factor of 10. above ambient 

levels observed toward the east and south. Closer scrutiny of the dis

solved LMWHC showed ~ignificant increases in the c4 alkanes as well as a 

11 Show11 of c5 orc6 hydrocarbons. 

The most striking diagnostic features of t~e hydrocarbon plume are the 

high concentrations of ethane and the corresponding lriw abundance of the 
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Fig. 3 Dispersion plume of ethane within 5 m of the bottom in Sept. 1976. 
Concentrations are expressed in nl}l (STP). 
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c2 and c3 olefins. The localized source and characteristic plume structure 

strongly suggest a natural gas seep, possibly associated with petroleum. 

Preliminary examination of the subsurface geology of Norton Basin 

reveals several lines of evidence suggesting gas/oil seep probability in 
' . 

this region of Norton Sound. This evidence includes basinward dipping 

strata truncated by an unconformity, velocity pull downs., and numerous 

stee~ly dipping faults in the immediate vicinity of the seep. 

In summa~y~ the dissolved LMWHC data indicate that the seep gases are 

of thermal origin rather than of recent microbial processes ... Whether 1 iquid 

petroleum is associated with the LMWHC remains to be determined by analysis 

of Hf4WHC in the sediments in the area of the seep plume. 

Analyses have been performed on hydrocarbons in sediment south of 

Kodiak Island. This is an area of coarse sediment, high energy and generally 

low carbon content (see Annual Report, 1977). This c·oming year we believe 

that collection of sediments should be made in the fjords around Kodiak 

Island which acts as traps for fine-grained sediments and hydrocarbons. 

Here, hydrocarbons may be least affected and may persist for a longer time. 

At the same time, sediment samples will be collected i'n regions that pre

liminary geophysical evidence indicates seepage of gases from the sedi

ments. Gases emanating from the sediments can in some cases be correlated 

with geologic structure, for example surface faults, while in other cases 

are related to thick accumulations of sediments. Analysis of both LMWHC 

and Hf4WHC in the sediments may indicate whether these gases are of petro

genic or biogenic origin. Exact locations of these gas seeps will be ob

tained from the U.S. Geological Survey (Anchorage). 

In addition to the'above areas, samples have previously been col

lected from the Beaufort Sea and Outer Bristol Basin. Analyses are presently 

being conducted on about 100 samples collected from the above areas in 

the summer of 1976. These will be largely completed by the end of this 

year. 
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VI. General Strategy and Approach: 

The procedures to be followed on the new· samples will be two-fold: 

(1) light hydrocarbons (methane, ethane, etc.) will be removed from the head 

space in cans filled with sediment. A known volume will be injected into 

a calibrated gas chromatograph. Where sufficient quantity of sample is 

present, samples of gas will be flushed out with helium from the total 

sediment sample in a vacuum line and combusted to co2. This gas will then 

be used for 13c;12c measurement. The c1;c2+ ratio combined with the 
13c112c ratio should be an important indicator of the source of the light 

hydrocarbon, i.e., biogenic vs. petroliferous. (2) High molecular weight 

hydrocarbons will be extracted by the procedures described in the 

Methodology Section). In addition to the procedure described-for ex

traction and thin layer chromatographic separation of the hydrocarbons, ten 

percent of all extracts will be analyzed by computerized GC-mass spec-

trometer to confirm the compound composition. 

Where possible, the following information will be obtained: 

1. Total weight of extractable hydrocarbons 

2. Total weight of saturated hydrocarbons 

3. Total weight of aromatic hydrocarbons 

4. Pristane/n-G17 ratio 

5. Phytane/~-c18 ratio 

6. Odd/even carbon ratio 

7. Identification of homologous ~-alkane .series 

B. Identification of individual aromatic compounds. 

In addition to the above, the organic content will be further 

characterized by analysis of organic carbon, carbonate carbon, total 

n-itrogen and total sulfur in the sediment. 
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VII. Sampling Method 

During the past sampling season, we have used a sampling device 

and procedure which we feel is a vast improvement over our previous 

sample:collection effort. Furthermore, si.nce this sampling device recovered 

a sample large enough for sampling for trace metals, grain size, sediment 

texture, and microbiology, we would like to recommend its use in sub

sequent (NOAA/OCSEP) sediment sample collection cruises. 

In the characterization and determination of baseline concentrations 

of hydrocarbons in recent sediments, it is critical that the surface layer 

be quantitativ~ly collected because changes in the distribution of hydro

carbons in sediments as a result of petroleum development will initially 

be detected in the s~rface layer. Furthermore, it is essential that the 

samples are not contaminated with hydrocarbons during the collection pro

cedure, 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 

.quantitatively collecting the sediment surface was purchased by UCLA in 

order to collect samples during the 1976 summer sample collection period. 

This sampling device v1as developed by A. Soutar for the Southern 

California BLM baseline study, and \'Je were able to successfully use it in 

Alaskan bcs environments. The main featm·es of th·is sampler, whid1 is 

illustrated in Figure ·~ are (1) the incorporation of a frame which orients 

the grab normal to the sediment surface, a competely vented top which not 

only prevents blmving away of the fine surface layet· but allm·JS easy access 

to the sample after recovery,. (2) the use of aluminum, stainless steel and 
' 

teflon in construction, which precludes any cont,iirnination from hydrocarbons 

or trace metals, and (3) ability to collect sand and gravel sedin1c:nts. 
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The volume of sediment recovered is usually sufficiently large so that 

replicate HMHHC and LMWHC samples can be collected. Moreover, there was 

sufficient sediment for other investigators to collect samples for trace 

metals, Pb-210, foraminiferal, microbiological or textural analyses. 

In addition to this improved sampling device, a procedure for sub

sampling 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 

1 ayer of sediment recovered in the grab s.amp 1 er. 

When the grab sampler was brought on deck, a plastic bag was placed 

beneath the weight stand to prevent water from the hydrowire or weights 

from dripping into the sample. The top-loading doors were opened, and any 

supernatant water ·was siphoned off. Pre-cleaned templates for HMWHC 

samples and stainless steel core tubes f6r LMWHC subsamples were pushed 

into the sediments. HMWHC subsamples were taken with a stainless steel 

scoop.by sliding the scoop along the top of the template. Thus, accurate, 

repetitive samples of 0-2 and 2-4 em depths could be taken. If it appeared 

that the surface layer had been disturbed during the sample collection, 

the template was not used and bulk or surface and subsurface samples 

were collected with a stainless steel spoon. 

Upon recovery, the sample was inspected and graded on a subjective 

scale of 1 {poor) to 5 {excellent). For example, an excellent sample 

had an essentially flat surface, the supernatant water was clear, and fine 

particulate material was present. In some cases, intact polychaete tubes 

protruded from the surface or mollusks, arthropods, etc. were recovered, 

indicating little disturbance at the sediment..:\'Jater interface of the t~e

covered sample. 
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On the other hand, a poor sample would be one in which extensive 

erosion and loss of the surface 1 em of sediment had occurred as a result 

of drainage of the supernatant water through partially-closed grab sampler 

jaws. 

The results from analysis of sediments collected using this sampling 

device and procedure are shown in Figure 5 and illustrate why we feel it 

is important to quantitatively collect the sediment surface. Figure 5 

shows a series of gas chromatograms of the hexane fractions of surface 

sediments from different depths at BLM station 579 near the edge of the 

continental shelf. The samples from 1-2 and 2-4 em depths are similar 

to many surface samples collected in the So. California outer basins and 

banks in that they indicate a mixture of hydrocarbons derived from recent 

biogenic sources and from weathered petroleum sources. However, the 

surface sample, 0-l em, is noticeably different and may indicate {1) a 

recent change in contribution sources and/or depositional environment, 

or (2) a recent introduction of relatively fresh, unweathered petroleum. 

Nevertheless, the important point is that sample collection devices 

and procedures which 11 blow away11 the surface layer before collection, or 

homogenization of the upper few em of the sediment may lose possibly 

important information. 
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VIII. Analytical Methods: 

Samples will continue to be analyzed according to methods outlined 

in our Annual Report, 1976. However, in the. HMWHC analysis, we have in

corporated a modification in the procedure for separating the hydrocarbon 

fractions. Th·e method involves the use of two successive. thin layer 

chromatography (TLC) steps, replaCing the saponific-ation and column 
~ . 

chromatography steps in the former procedure. 

The frozensediment samples are rinsed with distilled water, freeze

dried, and Soxhlet extracted as before •. After sulfur removal, the first 

chromatographic step, which separates the total hydrocarbons from non

hydrocarbons, utilizes a pre-coated Absorbsil 5 TLC plate (20 em x 20 em, 

250 vm, Applied Science). The plates are pre-cleaned by overnight elution 

with ethyl. acetate,, then activated at l30°C for 30 min. An aliquot of 

~the total extract (80-100 mg) is spotted onto the plate and eluted with 

100% dichlormethane (CH2Cl 2). A narrm-1 strip at each side of the plate is 

s-prayed with a. saturated solution of Rhodamine·6G in acetone and visualized 

in UV light (long wavelength) for identification of the different bands. 

An example of the separation of the different bands is illustrated jn 

Figure 6~ The top band, corresponding to the hydrocarbons is scraped 

and extracted with CH2c1 2. Under these conditions aliphatic as well as 

substituted and unsubstituted aromatic hydrocarbons elute together and are 

well separated from esters. 

The extract of the hydrocarbon band is rechromatographed under dif

ferent conditions to separate saturated hydrocarbons from aromatics. 

The total hydrocarbon extract from the first TLC step is spotted onto 

another Absorbosil-5 TLC plate, this time eluted with !!_-pentane. Saturated 

hydrocarbons elute as the most rapidly moving band while aromatics move 
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Fig. 6 

Solvent Front 

I Aromatic & Aliphtrt;ic Hydrocarbons 

~atty.Acid Methyl Esters 

Ketones. 

Sterols and Alcohols 

c:=:=::=:=:=-.ori:gi..n & Pigments========::J 

Separation of various components by thin-layer chromatography 
on silica gel using CH2cl2 as eluant. 
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more slowly. The plate is visualized as before, and the bands correspond

ing to saturated and unsaturated hydrocarbons are scraped and extracted 

with CH2c1 2. 
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IX. Anticipated Problems: 

It may not be possible to meet our requirements as outlined in 

sections VII and XIV of this proposal on NOAA vessels because of the lack 

of an A-frame that can handle the UCLA sampling device. In such an event, 

we hope to be able to obtain the service of the USGS R/V SEA SOUNDER. 

X. Data Submission Schedule: 

Quarterly and Annual Reports will be submitted as required. 

XI. Information Required from Other Investigators: 

Data from other investigators are not required to carry out the 

' proposed research. However, complementary da~a from other research units, 

e.g.~ 153, 162, 275, 290 in chemistry, 430s 152 in geology, and 5 in benthic 

biology will be obtained from the principal investigators for incorporation 

into our narrative reports .. 

XII. Quality Assurance Plans 

·Duplicate samples for quality assurance shall be collected and sent 

to Harry Hertz, National Bureau of Standards. The number of these quality 

assurance samples shall be approximately 10% of the total number of 

samples collected. 

In addition, out laboratory has. participated in a natio~wide inter

laboratory comparison of analytical methods. A sediment sample spiked 

with crude oil has been analyzed by a nuinber of laboratories involved in 

analysis of hydrocarbons in sediments for evaluation of analytical methods. 

XIII. Special Sample and Voucher Specimen Archival Pl.ans 

~Jhen sufficient sediment is available, dupli:tate samples at·e col

lected for archive. These archive samples are stored in a freezer at UCLA. 
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XIV. Logistics Requirements: 

A. SHIP SUPPORT 

l. Study areas are indica ted in the maps .inc 1 uded in Section IV. 
Specific sample grids will be determined by consultation with 
U.S.G.S. personnel prior to or during a cruise. (as result of 
on site geophysical meas·urements, i.e., location of seeps 
and bubble formation in water). 

2. Surface sediment samples will 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 
1 ayer of the. sediments, whi 1 e the box corer wi 11 be used to 
obtain samples at depth in tne sediment. Samples for low 
molecular weight hydrocarbons and high molecular weight hydro
carbons will b~ sealed in tin cans and glass jars and frozen 
until analysis at UCLA.' 

3. Ice-free sampling area. 

4. Seven days (7) collection in each area for a total of 21 
sea days. 

5. Our investigation in site specific study areas will require col
lection of uncontaminated~ undiSturbed surface sediments and thus 

y will require collection of sediments with our frame-supported 
Van Veem grab sampler or box corer. He will not use the entire 

·volume of sample collected, hence other investigators requiring 
sediment subsamples (e.g., microbiology, trace metals) may share 
the sediment recovered. 

Approximately 3-4 hrs/day will be required for each station. 
There are no requirements for daylight sa~plin~and processing 
time between stations will 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 accommodate.a sampling device 5' x 5' 
x 7' high and weighing 1500 lbs. (700 tg) .. 

{b) A winch with a minimum of 500 m of at least 7/16 11 diameter 
cable. 

(c) An operating tensiometer, meters out indicator, and rate 
indicator. 

(d) A 12 kHz precision depth recording system and pinger. 

(e) A navigation system such as radar, Loran or other such 
system that meets the requiremen.ts set by NOAA for this 
project. · · 
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(f) Laboratory space with at lei}st 10 feet counter space, 
having at least one sink with 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. · 

7. See item 6(a). 

'8. No 

9. One (1) 151-cubic-foottank of compressed helium. 

lu. No special requirement other than one of the large NOAA ships 
capable of deploying coring or sediment sample equipment. 

11. N/A 

12. At least two people for each leg; participants.will be 
identified at a later time. 

B,C,D,E = N/A 
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XV. Management Plan: 

The project management will be divided into budgetary, technical and 
administrative sections. The Institute of Geophysics and Planetary Physics 
has an office to completely control the budget and personnel administration. 
The management of the technical aspects will be under the control of the 
P.I. 1 s, Drs. I.R. Kaplan and W.E. Reed. They will be responsible for the 
overall project. 

Sampling Scheme, 1977-1978 

July 11-15, 1977: Norton Sound (USGS R/V SEA SOUNDER) 

Summet' 1978: Lower Cook In 1 et 
Kodiak Shelf 

Analytical Scheme, 1977-1978 

LMWHC analyses for samples collected in 1976: 

HMWHC analyses for samples collected in 1976: 

Completion of LMWHC samples collected in 1977: 

Completion of H~1~JHC analyses of samples collected 
in 1977: 

Completion of LMvJHC and HM\IJHC samples coliected 
in 1978: 

Dec. 1977 

March 1978 

June 1978 

Sept. 1978 

June 1979 



XVI. Outlook: 

1. Nature of Final Results 

We believe that at the completion of this program, we will have a much 

firmer understanding of the distribution of carbon in the sediments of the 

Bering Sea, the Beaufort Sea, and the Gulf of Alaska. In addition, we 

will have a general feeling for the type and nature of low molecular -

weight hydrocarbon gases coming from the sediments. The measurements of 

carbon isotope ratios, 13ct12c, should help identify the source of the 

gas and carbon compounds. 

The identification of heavy hydrocarbons relative to other carbon 

compounds will enable an understanding of the sources and steady-state 

content of the sedimentary paraffins and aromatics. We should ultimately 

be able to determine (1} whether the distribut.ion pattern of the hydro

carbons represents biogenic or petroleum sources and (2) what the dynamics 

of the degradation process involve in terms of hydrocarbon alteration. 

We believe that this study will represent the most comprehensive 

investigation of organic geochemistry yet conducted in the Alaska and 

Arctic region. 

2. Milestones 

Projected milestones are the completion of the analyses of samples 

collected approximately one year prior to the contract termination. 

Hence, sample analyses will be completed in September 1978 on samples 

collected in the summer of 1977. 

3. Cost Estimates 

The best estimates for the following four years are: 

FY: 
Est. Budget: 

1978 
$100,744 

1979 
$100,000 
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1980 
$100,000 

1981 
$60,000 



4. Major Equipment 

It is estimated that during FY 1979 and 1980 equipment requests will 

be at a level of $5,000 or less. No equipment request will be mqde in 

1981. 

5. Location of Future Field Efforts 

Sufficient samples have been collected to define the.distribution of 

hydrocarbons in Lower Cook Inlet, Kodiak Shelf, S. Bering Sea, and Norton 

Sound. However; significant gaps still exist in the survey of the distri

bution and concentration of hydrocarbons in sediments from various regions 

of the Alaskan continental shelf. 

Only 12 samples have been collected in the Beaufort Sea and a greater 

number of samples should be collected to complete the survey of this part 

of the shelf. Similarly,-only a small number of samples have been col

lected from the Western Gulf of Alaska, near the Alaskan Peninsula, 

and from the Eastern Gulf of Alaska, near Prince William Sound. There 

have not beenany sediment samples collected from the Chuchki Sea for 

analysts of hydrocarbons. Future field efforts should continue to survey 

the distribution of hydrocarbons in these ·regions of the Alaskan outer 

continental shelf. 

Cruises plannedfor 1977~1978 will concentrate on areas that may 

contain petroleum hydrocarbons, either as a result of natural seepage or 

anthropogenic activities. If subsequent field surveys indicate additional 

.areas impacted by petroleum hydrocarbons, future collection efforts should 

concentrate on such areas. 

6. Logistics 

.Requirements are not expected to differ greatly from those of FY 1978. 
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XVII. 1. Update 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 l. 
The Final Report will be submitted within 90 days of the 
termination of the contract. 

3. Not applicable. 

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 revie\'1 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. Not applicable. 

6. Not applicable. 

7. Not applicable. 

8. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
termination. 

9. Three (3) copies of all publication or presentation manu
scripts pertaining to technical or scientific material de
veloped under OCSEAP funds will be submitted. to the appropriate 
Project Office at least sixty (60) days prior to release for 
information and for forwal~ding 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 wi H acknowledge BLM/OCSEAP sponsor
ship. 
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28. :Hangan<:!se and Related Elements in t.he Interstitial Hater of 
Marine Sediments, Science 158; 906-910 (1967), 'tvith B.J. Presley 
and R,R. Brooks. 

29. Trace Elements in the Interstit:i,al Waters.of Harine Ser:liments, 
Geochirn. ct Cosmochim. Acta 32; 397 (1968), \-lith R. R. Brooks and 
B.J. Presley. 

30. High Pressure pH Sensor for Oceanographic Applications, Rev. 
Sci. Inst. 39; 1133 (1968), \·dth S. Bcn-Yaakov. 

31. A Versatile· Probe for In Situ Oeeanoeraphic Heasurc:mcnt, ,.J. 
Ocean Tech. 14; 25 (1968 , tvith S. Ben-Yaakov. 

347 



1969: 

1970: 

32. Changes in Dissolved Sulfate, Calcium and Carbonate from 
Interstitial l.Jater of Near-Shore Sediments, Geochim. et 
Cosmochim. Acta 32; 1037 (1968), with B.J. Presley. 

33. pH-Temperature Profiles in Ocean and Lakes Using an In Situ 
Probe, Linmol. & Oceanogr. 13; 688-693 (1968), with s-. ---
Ben-Yaakov. 

34. Book Revie·w, "Petroleum Nicrobiology .. , J. B. Davis, Elsevier, 
1967, 604 pages, Sedimentology 11; 125. Published in 1969. 

35. Interstitial t.Jater Chemistry: JOIDES Leg 1, Special Report 
on Description of Deep Sea Drilling Operations - NSF and 
Scripps Inst. of Oceanogr., 411 (1969). 

36. Differences Betw·een Barites of Narine and Continental 
Origins, Geochim. et Cosmochim. Acta 33; 287 (1969), with Ed-..rard 
D. Goldberg, B.L.K. Somayajulu, James Galloway and Gunter Faure. 

37. Determination of Carbonate Saturation of Sea,vater with a 
Carbonate Saturometer, Li~~ol. & Oceanogr. 14; 874 (1969), 
with S. Ben-Yaakov. 

38. Sulfur Isotope Studies on Red Sea Geothermal Brines and Sedi
ments, In: Hot Brines and Recent Heavy Metal Deposits in the 
Red Sea, 180 pp. (Eds. E. Degens ~nd D. Ross), Springer-Verlag, 
N.Y. (1969), with R.E. S\veeney and A. Nissenbaum. 

39. Trace Element Composition of Red Sea Geotherraal Brines and 
Interstitial Hater, In: Hot Brines and Recent Heavy Metal 
Deposits in the Red Sea, 180 pp. (Eds. E. Degens and D. Ross), 
Springer-Verlag, N.Y. (1969), 'tvith R.R. Brooks and H.N.A. Peterson. 

40. Search for Organic Compounds in the Lunar Dust from the Sea 
of Tranquility, Science 167; 760 (1970); with C.D. Philpott, 
J. Smith, ,T.t.J. Schopf, C. Gehrke, G. Hodgson, R.A. Breger, 
B. Halpern, A. Duffield, K. Krauskopf, E. Barghoorn, H. Holland 
and K. Keil. 

41. Evidence for Extraterrestrial Amino Acids and Hydrocarbons in 
the Murchison Meteorite, Nature 228; 923 (1970), with K. 
Kvenvolden, J. La\vless, K. Pering, E. Peterson, J. Flores, 
and C. Ponnamperuma. 

42. Interstitial Water Chemistry: Deep Sea Drilling Project, Leg 4, 
Initial Reports of the Deep Sea Drilling Project, V. IV; 415 
(1970), with B.J. Presley. 

43. Interstitial Water Chemistry: Deep Sea Drilling Project, Leg 5, 
Initial Reparts of the Deep Sea Drilling Project, V. V; 513 
(1970), with B. J. Presley and l>L B. Goldhaber. 

'•4. Carbon and Oxygen Isotopes in Apatite C02 and Co-existing 
Calcite ~rom Sedimentary Phosphorite, J. Sed. Pet. 40; 95~ 
(1970), withY. Kolodny. 

45. Biological Productivity in the Dead Sea- Part I: Hicroorganisms 
in the ~-later Column. Israel J. Chern. 8; 513 (1970), with 
A Friedman. 

348 



1971: 

46.. Biological Productivity in the Dead Sea: Part II. Evidence for 
Phospha{idyl Glycerophosphate Lipid in Sediment. Israel J. Chern. 8; 
529 (1970), with M.J. Baedecker. 

47. Carbon and Sulfur Concentration and Isotopic Composition in 
Apollo 11 Lunar Samples. Proceedings of the Apollo 11 Lunar 
Science Conference. Vol. II: Chemical and Isotope Analyses. 
Pergamon Press (Ed. A.A. Levinson), p. 1317 (1970), with 
J.H. Smi.th and E. Ruth. 

48. Extractable Organic Hatter i~ Precambrian Cherts. Geochim. et 
Cosmochim. Acta.34; 659 (1970), \vith J.l\1. Smith and J.W. Schopf. 

49. Endogenous Carbon in Carbonaceous l:feteorites. Science 167;. 
1367 (1970), with J.W. Smith. 

50. Carbon Compounds in Lunar Fines from Mare Tranquillitates: IV. 
Evidence for Oxides and Carbides. Geochi1n. et Cosmochim. Acta 
Special Issue 167; 1857 (1970), \vith S. Chang, J. Smith, 
J. Lmv-less, K. Kverivolden and C. Ponnamperuma. 

51. Concentration and Isotopic Composition of Carbon and Sulfur in 
Apollo 11 Lunar Samples. Science 167; 541 (1970), with J.W. Smith. 

52. Light Hydrocarbon Gases, C13 , and Origin of Organic Matter in 
Carbonaceous Chondrites. Geochim. et Cosmochim. Acta 34; 257 
(1970), with T. Belsky. 

53. Uranium Isotopes in Sea-Floor Phosphorites. Geochim. et Cosmochim. 
Acta 34; 3 (1970), withY. Kolodny. 

54. Interstitial ¥later Chemistry: Deep Sea Drilling Project, Leg 6. 
Tnitial Reports of the Deep Sea Drilling Project Vol. VI; 823, 
(1971), with B.J. Presley. 

55 .. Interstitial Hater Chemistry: Deep Sea Drilling Project, Leg 7. 
Initial Reports of the Deep Sea Drilling Project Vol. t'II, Part II; 
883 (1971), with B.J. Presley. 

56.. Interstitial Water Chemistry: Deep Sea Drilling Project, Leg 8. 
Initial Reports of the Deep Sea Drilling Project Vol. VII; 853 
(1971), vith B.J. Presley. 

57. Interstitial \.rater Chemistry: Deep Sea Drilling Project, Leg 9. 
Initial Reports of the Deep Sea Drilling Project, Vol. IX; 841 
(1971), \Jith B.J. Presley. 

58. Carbon, Carbides and l1ethane in an Apollo 12 Sample. Science 171; 
474 (1971), with S. Chang, K. Kvenvold.en, J. T,atvless and C. 
Ponnamperuma. 

59. An Oceanographic Instrumentation System for In Situ Applications. 
11.ar. Tech. Soc. J. 5; ltl (1971), with S. Ben-Yaakov. 

60 .. Deep Sea ln Situ Calcium Carbonate Saturometry. J. Geophys. Res. 
76; 722 (197~with S. Ben-Yaakov~ 

61. Book Revi.c'"• "Hicr.obial Biogeochemistry", J.E. Zajic. Academic 
Press, 1969, 345 pp. 38 illus. 53 tables. Engineering Geology 5; 
247 (1971). 

349 



1972: 

62. "Hydrogen". Chapter from book, Elemental Abundances in 
Meteorites (Ed. B. Mason), Gordon & Breach Science Publishers, 
p. 21 (1971). 

63. Carbon and Sulfur Isotope Studies on Apollo 12 Lunar Samples, 
Proceedings of the Second Lunar Science Conference Vol. 2; 1397, 
M. I. T. Press (l971), w~th C. Petrowski. 

64. Stu.dies on Dissolved Organic Hatter .from Interstitial \-later 
of a Reducing Fjord. Adv. in Org. Geochem. 1971; 427 (1972), 
with A. Nissenbaum and M.J. Baedecker. 

65. Interstitial \-Jater Chemistry: Deep Sea Drilling Project, Leg 11. 
Initial Reports of the Deep Sea Drilling Project Vol. XI; 1009, 
(1972), with B.J. Presley 

66.. Interstitial t.J'ater Chemistry: Deep Sea Drilling Project, Leg 14. 
Initial Reports of the Deep Sea Drilling Project Vol. XITl; 763, 
(1972), with B.J. Presley and C. Petrowski. 

67. Organic Geochemistry of Dead Sea Sediments. Geochim. et Cosmochim. 
Acta 36; 709 (1972), \vith A. Nissenbaum and N.J. Baedecker. 

68. Sulfur Cycle. Chapter from book, Encyclopedia of Geochemistry 
and Environmental Sciences (Ed. R.H.: Fairbridge), Van Nostrand 
Reinhold (1972). 

69. Biogeochemistry. Chapter from.booK, Encyclopedia of Geochemistry 
and Environmental Sciences (Ed. R.H. Fairbridge), Van Nostrand 
Reinhold (1972). 

70. Early Diagenesis in a Reducing Fjord, Saanich Inlet, British 
Columbia--!. Chemical and Isotopic Changes in Major Components 
of Interstitial Water. Geochim. et Cosmchim. Acta 36; 1007 
(1972), with A. Nissenbaum and B.J. Presley. 

71. Early Diagenesis in a Reducing Fjord, Saanich Inlet, British 
Columbia--!!. Trace Element Distribution in Interstitial Water 
and Sediment. Geochim. et Cosmochim. Acta 36; 1073-1090 (1972), 
with B.J. Presley, Y. Kolodny and A. Nissenbaum. 

72 • Early Diagenesis in a Reducing Fjord, Saanich Inlet, British 
Columbia--III. Changes in Organic Constituents of Sediment. 
Geochim. et Cosmochim. Acta 36; 1185-1203 (1972), \vith F .S. Brown, 
M.J. Baedecker and A. Nissenbaum. 

73. Chemical and Isotopic Eviden~e for the In Situ Origin of }farine 
Humic Substances. Limnol. & Oceanogr. 17; 570-582 (1972), with 
A. Nissenbaum. 

Carbon, Nitrogen and Sulfur Released During Pyrolysis of Bulk 
Apollo 15 Fines. The Apollo 15 Lunar Samples (Ed s. J. W. Chamberlain 
and C. Hatkins), 291-293 (1972), with S. Chang, J. Smith, H. Sakai, 
C. Petrowski and K. Kvenvolden. - · 

75 • Distribul:'.ion of Carbon and Sulfur in Hydrolyzed Apollo 15 T~unar 
Fines. The Apollo 15 Lunar Samples (Eds. J.H. Chamberlain and 
C. Watkins); 319-323 (1972), with H. ·Sakai, S. Chang, C. Petrm.;ski 
and J. Smith. 
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1973: 

76. Interstitial Water Chemistry: Deep Sea Drilling Project, Leg 13. 
Initial Reports of the Deep Sea Drilling Project Vol. XIII; 801-
811 (1972), with B.J. Presley and C. Petrowski4 

77. Distribution and Isotopic Abundance of Biogenic Elements in 
Lunar Samples. Space 'Life Sciences 3; 383-403 (1972). 

78. Comments on "Redox Potentials by Equilibration" by lv.G. Breck. 
J. Mar. Res. 31; 79-82 (1973), with S. Ben-Yaakov. 

79. Interstitial Water Chemiptry: Deep Sea Drilling Project, Leg 10. 
Initial Reports of the Deep Sea Drilling Project, Vol. X; 613-
614 (1973), with B.J. Presley and C. Petrowski. 

80. Interstitial t{ater Chemistry: Deep Sea Drilling.Project, Leg 17. 
Initial Reports of "the Deep Sea Drilling Project, Vol. XVII; 
515-516 (1973), with B.J. Presley, J.H. Culp and C. Petrowski. 

81. Gas Analyses in Sediment Samples from Legs 10,11,13,14,15,18 and 
19. Initial Report;s of the Deep Sea Drilling Project, Vol. 
XIX; 879-884 (1973), with G.E. Claypool and B.J. Presley. 

82. CIS-Isoprenoid Ketone in Recent Marine Sediment. Nature 244; 
154-155 (1973), with R. Ikan and M.J. Baedecker. 

83. Distribution and Diagenesis of Organic Compounds in JOIDES 
Sediment· from Gulf of ~texico and Western Atlantic. Geochira. 
et Cosraochira. Acta 37; 1881-1989 (1973), with z. Aizenshtat 
and H.J. Baedecker. 

84. Pyrite Framboid Formation- Laboratory Synthesis and Harine 
Sediments. Econ. Geol. 68; 618-634 (1973), with R.E. Sweeney. 

85. Grot·rth Pattern and 13C/ 12c Isotope Fractionation of f_y§tnidium 
caldarium and Hot Spring Algal Mats. Chem. Geol. 12; 161-169 
(1973), with J. Seckbac:h. 

86. Interstitial Water Chemistry: Deep Sea Drilling Project, Leg 12. 
Initial Report;s of the Deep Sea Dril.ling Project, Vol. XIV; 891-
892 (1973), with.B.J. Presley and C. Petrowski. 

87. Interstiti.~tl Water Studies--Leg 15--Hajor Ions Br; l-fu, NH3, I"i, B) 
Si, and oC 13 • Initial Reports of the Deep Sea'' Dri.lling Project, 
.Vol. XX; 805-809 (1973), with B.J. Presley, J. Culp and C. 
Petro~.;rski. 

88. Deposition of Uranium in the Sediment and Interstitial \-later of 
an Anoxic Fjord. Vol. 1 - Hydrogeochemistry (Proc. of Symp. 
on Hydrogeochemistry and Biogeochemistry) Tokyo, Japan, Sept. 
7-~ 1970. The Clarke Co. Publisher; 418-442 (1973), withY. 
Kolodny. 

89. Carbon, Nitrogen, Sulfur, Helium, Hydrogen and Metallic Iron 
in Apoll<:J 15 Drill Stem Fines. Proc. 4th Lun. Sci. Conf. 
(Supplement 4- Geochim. et Cosmochim. Acta Vol. 2), 1651-1656 
(1973), \vith J. H. Smith and C .. Petrot:lksi. 
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1974: 90. Carbonate Compensation Depth: Relation to Carbonate Solubility 
in Ocean Haters. Science 184; 982-984 (1974), with S. Ben-Yaakov 
and E. Ruth. 

91. Carbon, Nitrogen and Sulfur in Lunar Fines 15012 and 15013: 
Abundances, Distributions and Isotopic Compositions. Geochim. 
et Cosmochim. Acta 38; 853-872 (1974), with S. Chang, J. Lawless, 
M. Romiez, C. Petrowski, H. Sakai and J.W. Sm1th. 

92. Calcium Carbonate-Saturation in Northeastern Pacific: In Situ 
Determination and Geochemical Implications. Deep-Sea Res. 21; 
229-243 (1974), with S. Ben-Yaakov. 

93 . Sulftir Isotope Studies on Evaporites and Shales from Sites 
225, 227 and 228 in the Red Sea. Initial Reports of t"he Deep Sea 
Drilling Project, Vol. XXIII; 947-950 (1974), with H.C. Shanks 
and J.L. Bi$choff. 

94. Chapter 17, "The Sulfur Cycle". In: The Sea-: Vol. V Marine 
Chemistry, (Ed. K.D. Goldberg), John Hiley & Sons, Inc., 
569-655 (197L;), \vith M.B. Goldhaqer. 

95 . Natural Gases in· Harine Sediments (I.R. Kaplan, Ed.), Marine 
Science, Vol. 3, Plenum Press, N.Y.; 324 pp. (1974). 

96 • Chapter: "The ·Origin and Distribution of Methane in Narine 
Sediments" In: Natural Gases in Marine Sediments (I.R. Kaplan, 
Ed.) Plenum Press; 99-140 (1974), with G.E. Claypool. 

9 7 • Chapter.: ''pH Sensors" In: Geoscience Instrumentation (Eds. 
E.A. Holff and E.P. Hercanti), John Wiley & Sons, N.Y.; 386-
400 (1974), with S. Ben-:Yaakov. 

98 . Fractionation of Sulfur Isotopes by the Yeast Saccaromyces 
cerev1s1ae. Geochim. et Cosmochim. Acta 38; 1239-1253 (1974), 
with R.G.L. NcCready and G.A. Din. 

99 • Accumulation and Isotopic Evolution of Carbon on the Lunar 
Surface. Proc. of the 5th Lun. Sci. Conf. Vol. 2; 1855-1868 
(1974), with J.F. Kerridge and F.D. Lesley. 

100 . Light Element Geochemistry of the Apollo 17 Site. Proc. of 
.the 5tll Lun. Sci. Conf. Vol. 2; 1939-19ll8, with C. Petrowski 
and J.F. Kerridge. 

1975: 101 Thermal Alteration Experiments o~1 Organic Hatter in Recent 
Mtlrine Sediment - I. Pigments. Geocllim. et Cosmochim. Acta 
39; 173-185 (1975), with R. Ikan, Z. Aizenshtat, M.J. Baedecker. 

102 Thermal Alteration Experiments on Organic Matter in Recent 
Nar:l~e Sediment - IL Isoprenoids. Geochim. et Cosmochim. 
Acta 39; 186-194 (1975), with R. Ikan and }f.J. Baedecker. 

103 .. Thermal Alterat].on Experiments on Organic Hatter in Recent 
}brine Sediment - III. Aliphatic and Steroidal Alcohols. 
Geochim. et Cosmochim. Acta 39; 195-203 (1975), with R. Ikan 
and M.J. Baedecker. 
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1976: 

1977: 

104. Light Element Geochemistry of the Apollo 16 Site. Geochim. 

et Cosmochim. Acta 39; 137-162 (19l5), with J.F. Kerridge 
and C. Petrowski. 

105 Controls and Consequences of Sulfate Reduction Rates in . 
Recent Narine Sediments. Soil Sciences 119; 42-55 (1975), 
with I-1.B. Goldhaber. 

106. Stable Isotopes as a Guide to Biogeochemical Processes. 
Proc. R. Soc. Lond. B. 189; 183-211 (1975). 

107. Apparent Dissociation Constants of Hydrogen Sulfide in 
Chloride Solutions. Mar. Chem. 3; 83~104 (1975), with 
M.B. Goldhaber. 

108. Isotopic Fractionation of Dissolved Nitrate During Denitrification 
in the Eastern Tropical North Pacific Ocean. Mar. Chem. 3; 271-
~99 (1975), with J.D~ Cline. 

109. Evidence for Neteoritic Sulfur in the Lunar Regolith. Proc. Lun. 

110. 

Sci. Conv. 6th (1975); 2151-2162 (1975), with J.F. Kerridge and 
C. Petrowski. 

Sulfur and Carbon Isotopic Evidence for Biogeochemical Processes 
in the Dead Sea Ecosystem. Proc. 2nd International Symp. on 
Environmental Biogeochemistry;Vol. 1: Carbon, Nitrogen, Phosphorus, 
Sulfur and Selenium Cycles (J.O. Nriagu, Ed.); Ann Arbor Science 
Publishers, Inc., Ann Arbor; 309-325, (1976), with A. Nissenbaum. 

111. Hicro-determinations of C, N, S, H, He, metallic Fe, o 13 C,o 1 5N 
and o 34 s in geologic samples. Geochem. Jour. 10; 85-96 (1976), 
with H. Sakai, J.1-l'. Smith, and C. Petrowski. 

112. Thermal Alteration of Young Kerogen in Relation to Petroleum 
Genesis. Nature 264; 347-349 (1976), \vith R. Ishiwatari, 
H. Ishiwatari, and B.G. Rohrback. 

113. IJight Element Geochemistry of the Apollo 15 site, Proc. Lunar 
Sci. Conf. 7th (1976), 481-492, wit~ J.F. Kerridge and C. 
Petrm-1ski. 

114. Thennal Alteration Experiments on Organic Natter in Recent Harine 
Sediments as a Model for Petroleum Genesis. In: Chemistry of 
Marine Sediments (T.F. Yen, ed.) (1977), Ann Arbor Science 
Publishers, Inc., Ann Arbor. 

115. Petroleum and Anthropogenic Influence on the Composition of 
Sediments from the Southern California Bight, Proc. 1977 Oil 
Spill Conference, 183-188, \vith W.E. Reed, M. Sandstrom, and 
P. HankieHicz. 

116. Color of kerogen as Index of Organic Maturity, Amer. Assoc. Petrol. 
Geol. Bull. 61 (4); 504-510, with K.E. Peters and F.. Ishiwatari. 

117. The Chemistry of Marine Petroleum· Seeps, J. Geochem. Explor. 7, 
255-293, with W.E. Reed. 

118. Thermal Alteration Experiments on Organic Matter from Recent 
Marine Sediments in Reiation to Petroleum Genesis, Geochim. 
Cosmochim. Acta 41, 815-828, with R. lshiwatari, M. Ishiwatari, 
and B.G. Rohrback. 
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HALTER E. REED 

PUBLICATIONS 

1964 11 0ata on the distribution of amino acids and oxygen isotopes 
in petroleum brine \'laters of various geologic ages". 
Sedimentolo 3, 199-225 (with E.T. Oegens, J.M: Hunt and 
J.H. Reuter . -

1969: "Organic geochemistry of some [ate Pleistocene sediments, 
Mono Basin, Califorhfa" Abstract - Cordilleran Section 
~ieeting, Geol. Soc. Amer·. (with C.M. Gilbert).-

1970: "Lunar organic compounds: Search and characterization". 
Science 167, 751-752 (with A.L. Burlingame, M. Calvin,. 
J. Han, W. Henderson and B.R. Simoneit). 

11 Study of carbon compounds in Apo11o 11 lunar samples". 
Proc. Apollo li Lun. Sci. Conf. Vol.£, 1779-1791 (with 
A.L. Burlingame, M. Calvin, J. Han, W. Henderson and 
B.R. Simoneit). 

"Transport of water away from a buried heat sourc~ ~ith 
special reference to hydrologic phenohena observed at 
Aardvark Nuclear Oetona tion". Jour. Geophys. Res. ].!j_, 
415~430. . 

11 Sourcebook in Petroleum Geology" (Book Review) Science 16/', 
1481! 

1971: 11 Isolation and identification -of steroTs from a Pleistocene 
sedimentu Nature 231, 308-310 (\'lith H. Henderson, G. 
Steel and t~. Calvin). 

"The origin and incorporation of organic molecules in sediments 
as elucidated by studies of the sedimentary sequence for a 
residual Pleistocene Lake". Advances. in Oroanic Geochemistry 
1972, 335-352, Vieweg (with ~J. HendersonancrG-:- Steel.). · _...._ 

11 The organic diagenesis of steriods. in sediments as related to 
the origin and formation of petroleum11 

•. In: f\dvance_?_ in 
0 galic Geochemistry 1971 (H.R. von Gaertner and H. \·Iehner 

, 353-364, Viewe9T\1ith G·. Steel and H.- Henderson). 

11 Study of carbon compounds in Apolio 11 and Apol'lo 12 returned 
lunar samples". Proc. of Second L1.1n. Sci. Conf. Y.9l· £, 
1901-1914 (with W. H~nderson, W.C. Kray, W.A .. Ncwman, B.R.T. 
Simoneit and M. Calvin). 

Discussion of 11Transport of water away •.•. " by S.N. Davis 
and 11 Reply", Jour. Geophys. Res. 76, 630-634. 
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W~lter E. Reed~ Publications 

1971: 

1975: 

1976: 

1977: 

••proposed stratigraphic controls for crude oil composiiton, 
Green River Formation, Uinta Basin, Utah••. Advances in 
OrJanic Geochemistry 197~ (H.R. von Gaertner and H. ~Iehner, 

Eds ., Vieweg, 499-515--rwith W. Henderson). 

11 Molecular stratigraphy.. Nature 254, 127-129 (\'lith P. 
~1anki e\'li cz). 

11 Depositional environment interpretation from settling 
velocity (Psi) distributions 11 Bull. Geol. Soc. Amer. 86, 
1321-1328 (with R. La Fever and G. t<loir). · 

11 Stratigraphic utility of organic geochemical analysis 11 

Abstract - Amer. fissoc .. Petr. Ge.ol. Program with Abstracts 
Vol.~' (with P. Mankiewicz). 

11 Comparison o·f analytical procedures for environmental hydro
carbon pollutants 11 Paper. presented at National Bureau of 
Standards Seminar, Oct. 6-7, 1975, .Santa Barbara (with 
B. Rohrback and I.R. Kaplan). 

11 Biogeochemical studies of intermontaine lacustrine sequences: 
An independent appraisal of climatic fluctuations•, Abstract -
Geol. Soc. Am~rica Program vlith Abstracts.§. (6), 1062. 

11 Sulfur isotopic. evidence for thedepositional environment of 
the lower Tulare Formation, San Joaquin Valley, California 11 

Abstract- Geol. Soc. Amer. Program \·lith Abstracts 8 (6), 1158 
(with B. Wall). -

11 Molecular compositions of weathered petroleum and comparison 
with its possible source 11 Geochim. et Cosmochim. Acta .1]_, 237-247. 

"Petroleum and anthropogenic influence on the composition of 
sediments from the southern California bight 11 Proc. 1977 Oil Spill 
Conf. (Prevention, Behavior, Control, Cleanup), EPA/API/USCG (with 
I.R. Kaplan, ~1. Sandstrom, P. ~Jankiewicz). 

11 The chemistry of marine petroleum seeps 11 J. Geochem. Expl. in 
press (with I.R. Kaplan) . 

.. Biogeochemistry of Nono Lake, California11 Geochim. et Cosmochimica 
Acta .:!B_ press. 
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WALTER E. REED 

MANUSCRIPTS IN PRESS 

"Evaluation of extraction techniques for hydrocarbons in marine 
sediments 11

, National Bureau of Standards Technical Report 
(with B. Rohrback). 

11Molecular compositions of weathered petroleum and comparison 
\<lith its possi b 1 e source 11

, Geochimi ca et Cosmochimica Acta. 

11The chemistry of marine petroleum seeps 11 ~· inv·ited chapter for 
Application of Geochemistry to the Search for Cl~ude Oi.l 
and Natural Gas (B. Hitchon, Editor). Society of 
Geochemical Exploration Volume. 

MANUSCRIPTS SUBMITTED 

11 0rganic Geochemistry of Mono Lake, Californian. Geochimica 
et Cosmochimica Acta. - --

"Compaction: A factor in organic diagenesis?" Bull. Geol. 
Soc. Amer. (\'tith G. Oertel). 
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WALTER E. REED 

MANUSCRIPTS COHPLETE AND UNDER REVISION 

nrhe relationship between textural parameters and bathymetric depth 
Southern California Border1and 11 

, submitted to Marine Geology 
{with R. LeFever and R. Anderhalt). 

ABSTRACTS ACCEPTED FOR LECTURES 

11 Biogeochemical studies of.intermontane lacustrine sequences: An 
independent appraisal of c·limatic fluctuations 11

, Geol. Soc. 
Amer. Program with Abstracts (1976). 

"Sulfur isotopic evidence for the depositional environment of 
the Lower Tulare Formation, San Joaquin Valley, California", 
GeoL Soc. Amer. Program. with Abstracts. (1976) {\vith B. Hall)· 

11Criteria for identification of sources of hydrocarbon pollutants", 
NOAA Conference on Fate and Effects of Petroleum Hydrocarbons 
in ~1arine Ecosystems and Organisms. Seattle, Washington 
{with I.R. Kaplan). 

"An evaluation of criteria to differentiate sources of hydrocarbons 
in the Southern California Borderland". API/EPA/USCG Oil 
Spill Conference: Prevention, Behavior, Contr61, Cleanup~ 
New Orleans, La. {\vith I.R. Kaplan) 
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I. TITLE: 

A SURVEY OF CETACEANS OF PRINCE WILLIAM SOUND AND ADJACENT REGIONS 
OF THE GULF OF ALASKA 

Research Unit No: 
Contract No: 
Dates of Contract: 

481 
01-6-022-15670 
1 October 1977 to 31 September 1978. 

II PRINCIPAL INVESTIGATOR: 

John D. Hall 
U.S. Fish and Wildlife Service 
Office of Biological Services/Coastal Ecosystems 
800 A Street - Suite 110 
Anchorage, AK 99502 

III COST OF PROPOSAL: (FY-78) 

Total: $35,000 

· Distribution of Effort by Lease Area - NEGOA - 100%. 

IV BACKGROUND: 

Historical information as·well as surveys by the Fish and Wildlife 
Service (FWS), Alaska Department of Fish and Game (ADFG), and 
private consultants or fishermen indicate that a large population 
of cetaceans probably incl~ding seven or more species,. inhabit 
Prince William Sound and adjacent regions of the Gulf of Alaska 
(ADFG, 1973, Pitcher; 1975, K. Schneider, pers. comm.; Rosenthal, 
pers. comm.; and 1975-1976, FWS field records). 

Some species, such as the endangered Humpback whale, Megaptera 
novaeangliae, normally occur only seasonally •. Observations of 
this whale extend from February through early December in numbers 
of up to 50 or 60 animals. It is uncertain to wh~ch stock this 
group of animals belongs, but work by the National Marine Fisher
ies Service presently underway in Mexico,' Southeast Alaska, and 
the Hawaiian Islands in conjunction with this project may identi
fy the racial origin or relationship between these groups. Because 
only a few hundred humpback whales remain in the North Pacific 
(counts of 50 in Prince William Sound and 60 in SE Alaska north 
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of Frederick Sound during summer; 337 in the Hawaiian Islands 
and 102 in Mexico during winter), identification of the origin 
and size of local populations is of primary interest, and the 
potential impact from OCS development on such populations are 
of real concern. Other species such as the killer whale, 
Orcinus ~' Dal porpoise, Phocoenoides dalli, the harbor por
poise, Phocoena phocoena, and the minke whale, Balaenoptera 
acutorostrata, are reported throughout the year. Additional 
species occurring during migration include the Pacific white 
side porpoise, Lagenorhynchus obliquidens; the (endangered) 
fin whale, Balaenoptera physalus, the sperm whale, Physeter 
catodon, and the gray whale, Eschrichtius robustus.· Annual 
counts of gray whales by the NMFS over the past decade indicate 
that the total population of this endangered species is 10,000 
to 12,000 animals. Although the gray whale may infrequently 
occur in the Sound, virtually the entire population may pass 
through proposed development areas on their semi-annual mi
gration between their wintering areas off southern California· 
and Mexico and their summer foraging areas in the Bering and 
Chukchi Seas. 

Oceanographic data including current patterns and seasonal 
storm tracks indicate that waters of·Prince William and ad
jacent nearshore areas are likely to be affected by the pro
jected development of petroleum resources in both the North
east and Northwest Gulf of Alaska (Defense Mapping Agency 
Hydrographic Center Pub. No. 55) Increased ship traffic 
associated with the Arctic Pipeline terminue in Valdez poses 
an additional threat. 

Impacts from development may occur directly as a result of 
whales' encounter with polluted water or by excessive dis
turbance, and indirectly by changes in abundance or contami
nation of food resources. Prior experience in Alaska is lack
ing, but Norris (1975) has shown that porpoises quickly detect 
new activity in an area and if disturbance persists may aban
don the region •. Recent observations indicate that porpoises 
and whales draw surface water into upper sacs of their respi
ratory systems upon inhalation (Kooyman et al., 1975). The 
inhalation of water containing petroleum-could seriously 
affect health of animals or cause direct mortality if the con
dition persisted as in the case of an extensive oil spill. 
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Surveys conducted under this RU during TQ 7.6 and FY 77 have 
found seasonal concentrations of porpoise and endangered whales 
in Hinchinbrook Entrance, Montague Strait, the Chenage Island/ 
Knight Island ·area and near Naked Island. The porpoise species 
sighted include the Dall .· p9rpoise, Phocoenoides dalli and the 
harbor porpoise, Phocoena phocoena, while the endangered whales 
include the humpback, Megaptera novaeangliae, the finback, 
Balaenoptera physalus, and the gray, Eschrichtius robustus. 
These animals are all protected under the Marine Mammal Protect
ion Act of 1972, and the whales are also protected under the En
dangered Species Act of 1973. 

V OBJECTIVES: 

This proposal addresses Tasks E-1 and E-2 of the Draft Study 
plan for Environmental assessment of the Alaskan Continental 
Shelf. The proposal is geographically limited to Prince William 
Sound and adjacent waters which have been identified as habitat 
of unusual or critical importance for marine mammals and which 
may be affected by developments in either the Northeastern or 
Northwestern Gulf of Alaska. Specific objectives include: 

1. Determine seasonal distribution and abundance of principal 
cetacean species utilizing Prince William Sound and adja
cent areas in the northern Gulf of Alaska. 

2. To determine major foraging areas and critical habitats 
for principal species. 

3. To determine food habits of the Dall porpoise, Phocoenoides 
daili. 

VI GENERAL STRATEGY AND APPROACH 

Existing information on the occurrence and distribution of cetaceans 
in the Prince William Sound Area has been summarized and will b~ 
available as digitized data by October 1977. A primary source 
of data has been the observations made by the late L. V. Haddock 
(FWS) during aerial and surface surveys of birds during 1972 and 
1973. 

Effort in FY 78 will be limited to meeting digital data products 
requirements, analysis of data and completion of the Annual and 
Final Reports. 
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VII EXPECTED RESULTS: 

The study will provide a comprehensive evaluation of size 
and seasonal distribution of populations, areas of critical 
habitat, and areas and populations most likely to be affected 
by impending development activities. 

VIII ANTICIPATED PROBLEMS: 

None. 

IX DELIVERABLE PRODUCTS: 

A. Digital data on sightings during aerial transects, ship 
censuses, and shore stations, and supplementary data as 
appropriate to be provided on magnetic tapes in format 
specified by the Environmental Data Service. 

Data Processing - by Principal Investigator 
Data Formating - as specified by EDS 

Data Product Media 

Digital Recording of Observations Tape 

Digital Records of Food Analysis Tape 

B. Narrative Reports 

Volume 

Equiv. 
5,000 
cards 
Equiv 

500 
cards 

Quarterly and/or survey reports providing summary and pre
liminary analysis of work completed including results of 
censuses and incidental sighting, seasonal distribution 
patterns, critical habits, and food analysis. 

C. Visual Data 

Maps illustrating transect or survey routes, seasonal di
stribution patterns of principle species, and areas of 
critical habitat will be provided as a part of narrative 
reports, and if requested, will be included as part of 

the Data Documentation Form. 
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D. Other Non-Digital Data: None. 

E. Data Submission Schedule: Digital Data by 1 December 1977. 
All other data and reports by 30 September 1978 

X INFORMATION REQUIRED FROM INVESTIGATORS: 

Information on sightings of cetaceans obtained in OCEAP Research 
Units 337, 341, and 342, (Lensink and Bartonek, FWS) will be re
quired as a supplementary source of data. This study, concen
trating on inland or nearshore waters, will complement and extend 
information from OCSEAP::..RU 68 (Fiscus and Harry, National Marine 
Fishery Service) which by its nature is confined largely to off
shore regions. Participa~ion by both the NMFS and FWS in this 
project assured maximum coordination with these ongoing research 
units. 

In addition, information will be available from other studies of 
marine mammals, in particular the humpback whale by NMFS and of 
birds and marine mammals by the FWS. 

Marine mammal data collected by RUs 337, 341 and 342 will be made 
available to RU 481 in the form of a computer printed edited out
put of file 033. 

XI MANAGEMENT PLAN: 

Quarterly reports of completed activities will be provided. Ninety 
days (90) after the completion of the contract a final report will 
be sumbitted to the contracting office. This report will include 
all data products noted in section X as well as a narrative ana
lysis and overview of all project activities, results, and conclu
sions, 

XII REQUIRED STATEMENTS: 

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

2. Quarterly, reports will be submitted in sufficient time 
during the contract year to be in OCSEAP hands by the 
first' day of January, July, and October, annual reports 
by April 1. The Final Report will be submitted within 90 
days of the termination of the contract. 
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3. Where biota are concerned, all species and higher cate
gories will be represented by the voucher specimens that 
will be preserved, labelled, held, and shipped to an offi
cial OSCEAP-designated repository in conformity with OCSEAP 
voucher specimen policy. Vouchering w~ll include life 
history stages (e.g., larvae, juveniles, adults) when these 
are used, and sexes where these are morphologically dis
tinguishable. 

4. At the option of the Project Office the PI is prepared to 
travel to the Project Office at least twice during the con
tract year to review project status and progress. Such re
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 (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 o.r data gather
ing effort, a ROSCOP data collection inventory form (NOAA 
24-23) will be·submitted to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains 
with the U. S. Government pending disposition at contract 
termination. 

9. Three (3) copies of all publication or presentation manu
scripts pertaining to technical or scientific material de
veloped under OCSEAP funds will be submitted to the appro
priate Project Office at least sixty (60) days prior to re
lease 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 appro
priate 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 Con
tinental Shelf Environmental Assessment Program (OCSEAP) 
Office." 
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To 

From: 

Subj: 

RFx41-481-94: 

Rudy Engelmann, Director 

U.S. DEPARTMENT OF COMMERCE 
National Ocr·m:~ and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 
.::Juter Continental Shelf Environrr:c·.: :;\ 

Assessment Program 
Be:-ing Sea-Gult of Alaska Prcjec! Od :. ·;. 
~< 0. Box 1808 
i\J:1eau, Alaska 99802 
r'i:1: 907-586-7432 

O~fA)~)~-~~fice-Boulder 
H~bfr1~Ef?uce, ~1anager 
OCSEAP-Juenau Project Office 

OCSEAP Research Unit 481 

Required Acceptance Letter for R.U. 481; John Hall 

The enclosed FY78 renewal proposal dated November 7, 1977 entitled "A 
Survey of Cetaceans of Prince William Sound and Adjacent Regions of the 
Gulf of Alaska, 11 and addendum data December 5, 1977 have been reviewed 
by the Juneau Project Office and judged acceptable at the funding level 
of $31,826~ Obligated funds in the amount of $10,000 for the continuation 
of FY78 work, were given to R.U. 481 on 10/26/77 {requisition #RK-8-
0024). Therefore, the total amount yet to be funded is $21,826. Please 
send an acceptance letter to Mr. Hall and initiate contracting procedures 
based on the proposal for $31,826. · 

Mr. Hall now resides in California, so all personal correspondence 
should be sent to the following address: 

' 

Mr. John Ha.ll 
USF&WS Ecological Services 
2800 Cottag·e Way, Rm. D-2727 
Sacramento, California 95825 

Enclosure 

cc: 
John Hall-USF&WS, California 
USF&WS financial Officer, Anchorage 
Sue Anderson 
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United States Department of the lnterti0r 
FISH AND WILDLIFE SERVICE. 

Dr. Herbert E. Bruce 

~;~:; .:i ~:;-·-~::·3~··:~.~·!·:; -. l 

.~ ... :. :<;r!, J.',:c::i•·.~. ;: -:.::.: 

Bering Sea-Gulf of Alaska Project Manager 
NOAA 
P.O. Box 1808 
Juneau, AK 99802 

Dear Dr. Bruce, 

December 5, 1977 

Per your revised guidance letter of 12/2/77 I have included the 
changes/additions requested below. 

1) No mention of Dall porpoise, Phocoenoides dalli, food habits 
will be made in either the Annual of Final reports. 

2) The final verified 1600 BPI magnetic tape with all RU-481 
records was sent by separate cover to your office this 
morning (12/5/77). Included in the DDF was a copy of the 
coding format which should make clear the arrangement of the 
data on the tape. 

3) The only documents left to produce are the Annual Report (due 
4/1/77) and the Final Report (due 10/1/78). These 
reports will follow the format of the RU-481 Annual Report 
(submitted on 4/1/77) and include an expanded section dealing 
with population estimates on a seasonal/annual basis and utilize 
either photographic analysis based on a Lincoln Index Technique 
or average density based on mean sightings distances taken from 
the survey aircraft. 

4) Prior to submission all coding sheets were hand verified by the 
P.I., them key punched an floppy discs. These discs. were then 
listed and hand verified by the P.I. The resulting corrected 
floppy discs was then transferred to EBCDIC 1600 BPI magnetic 
tap_e for submission to the JPO. 

Analysis of data has/and will continue to be done on a H-P 
9830 computer utilizing a concatonated data string and H-P's 
statistical package. Analysis to date has include mean, std. 
deviation, variance, std. error, correlation and polynomial 
regression. Future statistical routines will include linear 
regression, chi-square and analysis of variance. 



5) Since project funding was cut less than halfway through 
the anticipated field life of the project, a revised Mile
stone Chart seems superfluous at best. ROSCOP rr•s were 
submitted and are available for all surveys, and the digital 
data tape was submitted on 12/5/77. The photographic 
analysis (visual) has prod~ced photos of 35 individual 
humpback whales. Internegatives were made from the original 
35mm slides, and if funding is available from non-OCSEAP 
sources, sets of color prints will be made available to 
other humpback investigators throughout the Eastern and 
Central North Pacific. It is hoped that these fluke pattern 
photos will enable other investigators to identify the stock 
from which the Prince William Sound humpbacks originate. 

Sincerely, 

____s-£ ~ ./,W 
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0 1 -. Sh lh·:"r C:;n~inental elf EnVirenrnen.:..tl 
A;;s~55ment Program 

RFx41-AD~1-967 . . J:-'~"'rinQ Sea-Gulf of Alask:o Project Office 
f•. 0. iox 1808 · . 

DE.~ ·:~ dil . Juneau, Alaska 99002 
PH: 9e7-586-7432 

Dr. John D. Hall 
USF&~JS · 
800 A Street, Suite 110 
Anchorage, Alaska 99501 

Reference: (1) OCSEAP FY 78 Proposal Solicitation letter dated 
5/18/77 

(2) Revised guidance letter of 9/19/77 

(3) Telephone conversations of 10/20/77 and 11/21/77 

Dear Dr. Hall: 

Your FY 78 revised renewal proposal, ent,itled "A Survey of Cetaceans of 
Prince ~Jilliam Sound and Adjacent Vicinity - Their Numbers and Seasonal 
Movements- Research Unit 481'•, has been reviewed by the Juneau Project 
Office. The following additional revisions are required before your· 
work statement can be sent to our contracting office for funding: 

(1) The research objective of determination of food hapits of the 
Dall porpoise Phocoenoides dalli should be deleted together 
with relevant sections from the deHverable products. These 
are, specifically, a) Digital Records of Food analysis and 
b) Narrative Reports: food analysis. The deletion is 
necessary since no data of this type was obtained· during FY 
77 field surveys. 

(2} The revised guidance required inclusion of a list. of parameters 
and their probable limits under digital data. These parameters 
would have been included in a data management plan and form a 
necessary part of acceptable proposals. Such inputs are 
essential to our knowledge of data su~~issions from each 
research unit and contribute greatly to all intercomparative 
efforts. 

(3) The section of your revised proposal entitled "General Strategy 
and Approach" and "Narrative Reports" must be expanded to 
provide more explicit detail. · 

(4) f,lethods utilized in quality assurance of both data processing 
and subsequent analyses should be included as requested in the 
revised guidance~ 

(5) A t-1ilestone chart should be included to all0\'1 evaluation of 
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progress. This should include C<Ifllpletion of steps involved in 
data analyses and the photographic analyses. 

(6) It is understood that transfer of the Principal Investigator 
to the Sacramento, CA Office of the USF&HS ~ Environmental 
Services will probably take place in mid-year and should not 
impact completion of the FY 78 \'tork since similar facilities 
for data analyses exist there. The Project Office must be 
notified of the exact date of transfer as soon as it is available. 

The final funding cornmitment and level are contingent on approval of the 
FY 78 OCSEAP budget by the Bureau of Land f•ianagement. 

If you have any questions concerning any of the above guidance, please 
phone the JuneauProject Office, (907) 586-7436. 

Your letter agreeing to these changes, or a revised work statement, must 
be sent to and received in the Juneau Project Office, with a copy to 
Boulder no later than Dec. 5, 1977. If there are extenuating circumstances 
which prevent you from meeting this schedule, please phone the Project 
Office. The short deadline is required to ensure continuous funding of 
your project in FY 78. 

Upon receipt of your work statement, revised on accordance with the 
above guidelines, we will initiate contracting procedures for FY 78. 1 
look forward to your continued involvement in our porgram. 

Sincerely~ 

Herbert E. Bruce, Ph.D. 
Bering Sea-Gulf of Alaska Project f't1anager 

cc: 
·..Jq-ogram Office 
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PROPOSAL TO 

NATIONAL OCEANIC AND ATMOSPHERIC ADHINISTRATION 

fOR 

EVALUATION OF EARTHQUAKE ACTIVITY AROUND 
NORTON AND KOTZEBUE SOUNDS 

OCSEAP RESEARCH UNIT NO.: 

PRINCIPAL INVESTIGATORS: 

TOTAL COST OF PROPOSAL: 

PERIOD OF vJORK: 

483 

N. N. Bi swas 
1,. Gedney 

69,000 

October 1, 1977 to 
September 30, 1978 

INSTITUTION ANOOEPARTMENT: University of Alaska 

June 1977 

=1\/~·""""""fl.,.---. _8-h~· ~~...,.---,=--==--·--:--o.ate 1zB/7i 
N~ ~. Biswas, Principal Investigator 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
Telephone Number: (907) 479-7010 

479-7426 

Geophysical Institute 
Fairbanks, Alaska 99701 

.7L/"' Datef/10;;~., 
Neta ·u_. Sti, key, Business Manager .. 
~eophysicar Institute 
University cf Alaska 
Fairbanks, Alaska 99701 
Telephone Number: (907) 479-7644 

~~Date(h~'> 
T?eiro;;05;1\Cting Director ~ / 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 
Telephone Number: (907) 479-7393 3-72 



C. TECHNlCAL PROPOSAl. 

I.. f\. Title: Evaluation of Earthquake Activ·ity al~ound Nm·ton and kotzebue Sounds 

B. Research Unit Number: 483 
C. Contract Number: 03~05-022 ;-5.5, Task #12 
D. Proposed Dates of Contract: October 1, 1977 to Septembor 30, 1978 

II. Principal Investigatar(s) 

A. N. N. Biswas 

· B. L. Gedney 

c. 

III. Cost of Proposal Federal Fiscal year 1978 

Total: $69,000 

Distribution of effort by lease area 

IV. Background: 

1.. Norton Sound - 40 Perccr1t 
. 2. Kotzebue Sound 60 Percent 

. A six-station seismographic network was installed to provide 
seismic coverage to the Norton and Kotzebue Sounds during the field 
seasons of '1976 and 1977 •. The stations of the net1-10rk( r.:igun.! 1) 
are operating satisfactorily. The records in general seem to 
indicate that the study area ·is seismically more active than thought 
previously. Most of the cost for this pro.iect involves the maintenance 
of tfie field sites and te1emetering the se·ismic data to the central 
recording site at Fairbanks. The high cost entailed in the instullation 
and operation of the t1etwork can only be justif·ied if thr~ neb10rk is 
operated for another year. This will a11ow us to obtain a representat1ve 
earthquake catalog for the area of interest. 
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V. Objectives: 

The primary purpose of this study is to assembln ·l rcfH'esr.ni:iithe 
catalog of loca·l earthquakes of different magn-Itudes ·In ordf!r to 
obtain an understanding of the nature of earthqu0.kr. fla:~.ards for i:he 
study area. In addit·ion, during the ear·I.Y part of I9T/J onn of the 
stations {Kotzebue) of the network recorded well tllf! snismic signals 
generated by the movements of sea ice. Thus, a deta·i h1d study of 
this prob"lem has been incorporated as a part of the sc1smicf ty study 
for the Norton and Kotzebue Sounds. 

VI. General Strategy and Approach: 

We propose to continue to operate the seismographic network in conjunction 
w·ith the seismographic station (Gf11A) of NO/\J\ at Granite Nounta in 
and to maintain the existing quality of the recorded d~t~. The 
data are rccor.ded in real time and the un·iversal time! is supcrimpo~H1d 
wfth a precision of+ 15 m sec. The daily record corisists of 160ft. of 
16 mm film which is scaled for each earthquake within + 0.1 sec of the 
first arrival wave phase. -

VII. Sampling Methods: 

Any scientific s~mpling is difficult in Alaska. tn the 
past~ we were forced to locate our stations where there was access to 
power to run the equ·i pment package and a mi crowav1:~ or- !)round 
satellite stat·ion to telemeter- the data back to the centt·al recording site 
at the University. 

Over the past several years we have developed methods Hhich largely 
overcome these difficulties. A ~uccessful procedure has been to equip each 
remote system with its own power supply (air-cell l>atteries which will 
power a station for ·1-2 years) and to telemeter Uw seismic signa·~ by VHF 
to a microwave station of the Alaska Cornmun·ications Syst,~m (Jnd thence 
to Fairbanks). We have established VHF links in this mannc~t· up to distances 
of over 80 miles on only 100 milliwatts of radiated power. 

In the study area we were able 'to locate the ·s(~ismog}·aphfc stations 
of the. network so as to pt'ovide the widest possib.le covm·age fm· earthquake 
detect1on~ and yet enable us to utilize the above method of data Yetl~ieval 

1 

or.to emplace the station directly at a micr·owave site fo;~ ttansmission to 
Fa1rbanks. 
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VIII. Analytical Methods 

Methods for the treatment of seismic du{n, especially 1ocat·ion,. depth 
and magnitude routines, have become fairly standardized in recent years. 
Although we may utilize spedal r·ead·lnqs (such as frequenc.v ·fn tho \'laVe 
train for spectra·l analysis} for· further stud·ies at a lat(~r date) the 
routine read·ings used are arrival-time~ of the P and S Vlaves, ampl'Jtude 
for magnitude determinations, and "first motions" of the P (and S, if 
possib'le) waves for focal mechanism stud·ies of ear·thquakcs in the area. 

The program used for these purposes is (pr·imarily) HYPO 7l by tee 
and Lahr {see reference} which has been C:J.daptcd for· use on the Urrlver•sity 
of A 1 as ka 's Ho·neywe 11 66/20 computer. 

Reference: Lee, W. 1-l. K. and J. C. lahr, llYPO 71 r-evised~ U.S.{1.S. 
Open File Report 75-311~ 1975. 

lX. Anticipated Problems: 

\~e anticipate no problems, with the exception of unusual \'/Cather 
conditions which may cause temporary station outages. 
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bl 11-'JC. 

X. Deliverable Products: 

A. Digital Data: 

1. Reco}~ded Parameters: 
Arrival times and amplitudes of P and S- wave phases and 
first motions of P- wave phase. 

2. List of Digital Products: 

Day~ month, year~ hour~ minute und record of the occurrence 
of each earthquake and its location (Latitude! Longitude)~ 
focal depth and magnitude. Also details of the accuracies 
vJith which the above parameters are determ·ined .. 

B. Narrative Reports: 

Catalog of earthquake occurrences, the nature of their 
distributions~ mechanisms at the source reqions~ 
cumulati~e energy release and possible correlation of 
the concentration of earthquake epicenters with the 
active fauHs in the study area. 

C. Visual Data: 

Maps of epicenters of earthqua,kes a.nd. thf1il' fqtJl t pl o.ne 
solutions in relation to the tectonic features of the 
area. 
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XI,· Information Required from othe1~ Investigators: 

There should he none absolutely required. HoNevr~r, fnfonn.ation 
\'lh-ich \vi11 be helpfu·l to tbe study win he obtirinod from the tJ.S.Cl.S. 
and their ocean bot torn netv10rk ~ ft·om NOAA and tfH~ Pi\ lm::r· Tsunami Haniing 
Network, and (in the case of 1arg£~r earthquakes) From the Standard 
Canad·ian Net and the World-Wide Standard System. 

XII. Qua 1 ity Assurance Plans 

The network is operated with m~tched instruments at each site and the 
stations are maintained as well ·as calibrated by fr~quont checking of 
the system responses. The quality of the seismic data ~~«~!HH'Cd i~ 
compa ~~ab 1 e to to that of the USGS nctvmr-k operr.ted al on9 trH.: co as t.a 1 be 1 t 
of Alaska e1nd centrul A'laska and coasta1 belt networks of the 
Geophysical Institute, University of Alaska. The ptoccssin!l of the 
data is carried out by the same computer progr-am as usod by the 
National Center of Earthquake Research of USGS. 

XIII. Management Plan: 

Most of the stations are in and operatin~ ~t present. The final 
installation will be made on St. Lawrence Island during the! sumrner· of 
1977 ~ c:nd the lon9 period instrument at fl.nvi ·; t<lountain set up a~ we·I·J. 
By the fall of '1977, u11 telemetry prob'lerns sllOuhi· be reso·lvNI c:nd 
routine data flow being recorded Dt the Geophysical Institute in 
f~irbanks .. !h~reafter~ real time record scaling and datu processing 
w111 be ma1n~a1ned and quarterly reports made of results to dat~. 
Per·sonnel will be avai1ab·le at al'l times to visH the sites in the 
event. that an equ·i pment breakdown occurs. 
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XIV. Outlook: 

1. Nature of final results and data products: 
Final results and data products will be dual in nature. Pt··imnry emphasis 

will be placed on obtaining a definitive knowledge of the seismicity leve·l and 
distribution of earthquakes in and around the! Seward Penin~.;ula. An attempt wi11 be 
made to relate seismic act·ivity with active tectonic elements. Data J.Woducts w'ill 
include an earthquake catalog on magnetic tape~ on punched cards~ and in printed 
format. Epicentral maps will be produced, and cross-sectional views of hypowntral 
distribution in active areas will be drawn up. 

The second area of interest centers ar·ound the movement of sea ice through the 
Bering Strait and in Kotzebue Sound. It.was noticed durin9 the \<rinter of 1976-77 that 
"icequakes" had a very dist·inctive seism·ic signatures and that per'ic)ds of int(~nse 
activity could be related to weather conditions, particularly vrith respect to wird 
direction. ~Je intend to continue this invest·igation dudng the \<rinter of 1977~78. 

A continuing project of this nature vwuld be of va·iuL~ in deterrnin·ing the 
temporal aspects of earthquake behavior in this largely unknown rer~ion~ including 
whether or not there is a migNtion with time, as has been noted ·in other se·ismic 
zones. The project also provides a rare oppor·tun"ity to test the feas·ibility of 
determining the sea ice stress conditions from the seismic signals generated by 
its movement. 

2. Significant milestones: 
(a) Emplacement of final station at Savoonga on St. lawrence Island. 
This will greatly enhance the locat·ion capability of the network for 
offsbore earthquakes. . 
(b) Emplacement of long-per·iod instt~ument at ex·lsting Anvi·l ~4ounta·in 
station near Nomeo This, and item (a) will be accomplished dur·ing the 
summer of 1977. 
(c) Indete~minate.period of '!lonitoring with network at furl stt'ength. 
(d) An~lys1s and 1nterpretat1on of data accumulated. Both earthquake 
and "icequake" phenomena will be investigated. 
(e) Report writing and preparation of material for publication. 

3. Cost by Fiscal year: 

Approximately $75,000, most of which will be utilized for· the leasing 
of telemetry lines. 
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4. Additional major equipment required: 

NONE 

5. Location of future field efforts: 

At existing five field stations for purposes of maintenance. It 
may be necessary to relocate one or more stations slightly because 
of the Alaska Communication Systems ongoing change over to satellite 
relay of communication channels. The station on St. Lawrence Island 

.must be emplaced~ and a battery change made at station REI\10TE. 

6. logistics Requirements: 

Primarily air travel to and from the Seward Pen.insula) and rotary 
and fixed wing transportation to visit the field sites. 
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XV. Contractual Stiltements: 

1. A schedule for data submission for each task o-rder has been, and 

will continue to be, submitted and updated each quarter. 

2. This statement is in accordance with our base contract, and "'e 

will continue to comply. 

3. See section XI II of this proposa 1. The Uni vers ·f ty of Alaska wil 1 

continue to negotiate a Voucher Specimen Policy \'lith NOAA/OCS. 

We will comply with the then agreed to policy. 

4. See section XV of this proposal. The Univers·ity of Alaska agrees 

that the Principal Investigators can travel to the Project Office 

at least twice during the contract year, provided that su~h travel 

is in accordance with University of Alaska travel policy and con~ 

sistent with other University duties of the Principal Investigator. 

5. Data will be provided in the form and format agreed to by the 

University and NOAA/OCS in the nego~iating of the Data Nanagement 

Plans for each of the tasks falling under the jurisdiction of this 

office. 

6. As per Article 9 of the base contract, the University of Alaska 

agrees to the following: 11 
••• all archivable data is to be sub

mitted by the contractor to the Contract Data Nanager 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 fo'llm·ting the actual 

sorting or other laboratory procedure ... 
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7. Within 10 days of the completion o·1~"~ a cr-uise 01~ dat<i gathr~dng 

effort, a ROSCOP data co"Jlection inventory fonn (NOJ\1\ 24-23) will 

be suiJmi tted to the Project Data Manager· by the Chief Sci cnti st. 

If the Chief Sc-ientist represents the contracts covered by this 

office~ the form tl/ill be sent through this office. 

~. This is in accOi''danco '.-tith the base contt•r..ct \'lith \'llrich we sh~.11 

comply. 

9. Three copies of all publications at~ presentation abstracts 0\" manu

scripts pertaining to technical or scientific material developed 

under OCSEAP funding \'lill be submitted to the COTf{ s·ixty clays prim~ 

to publication or presentation. Cop·ies of all ne\•ts r·eleasGs ment·ion

ing OCS or using information gathered by OC:S funding \'lill be sent to 

the COTR two working days prior to re'ieasc. 

10. The following acknowledgment of sponsorship will be used: 

11This stu-dy was supported undet" contract 03-5"022-56 

between the University of Alaska and NOA!\,. Department 

of Commerce tin·ough the Outer· Conti nent.a·l Sho 1 f 

Environmental Assessment Progl~am to \o:hi ell funds \'/ere 

provided by the Bureau of land l~anagcrnent,. (Jepal'tmcnt 

of Interi ot·. 11 
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MILESTONE CHART 

RU t!: 483 
----------------- PI: N. N. Biswas 

M~jor Milestones: Reporting, dat3 ~anJgcment and other si~nificJ~t 
contrcctu~l raqu1re~ents; periods cf field work~ worksh~ps; ttc . 

..,.-------·-------
l 19i3 
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C •. Technical Proposal 

I. NODC Field Representative to the Outer.Continental Shelf 

Environmental Assessment.Program (OCSEAP) 

RU 497 

1 October 1977 to 30 September 1978 

II. Principal Investigator 

Michael L. Crane 

III. Cost of Proposal 

C. Total $55k 

D. Totally non..:.lease-area· specific management wor.k. 

IV. Background 

The OCSEAP Data Base proposed the establishment of a field 

Liaison •·person to support the Data Base in Technical areas of 

format development, investigator intera~tion, and data receipt. 

The first 18 months co~centrated on establishing working formats, 

Investigator. support in data processing, and designing management 

files to track the data anticipated by the OCSEA Prograo. The 

next phase identified a potential for an extended delay in data 

receipt and a data processing facility t<as established in 
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Anchorage. A substantial portion of the backlog of digital. data 

was completed in nine months of operation of that facility. The 

guidance given this ren~wal proposal stipulated a shift to data 

checking and project office support. 

V. Objectives 

This research unit (couples to RU 370, University of Alaska, 

Arctic Environmental Information and Data Center) has the 

primary objectives of assisting the data gathering components 

in delivering timely and accurate environmental information, 

of assisting the Data Base in checking and certifying quality 

digital data, and of supporting the OCSEAP offices 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 technical assistance 

in data processing. As one component of the OCSEAP Data Base, 

the activities directly support the information base in the 

decision making process of offshore oil and gas development. 

VI. General Strategy and Approach 

Five basic tasks have been identified to meet the 

objectives of these research units. These tasks are (1) 

Consulting services to principal investigators, (2) Data~~ 
1 "- 3'"//'" ... r 41 t- (1...e '4L.:-.--.... ~...__._,""U..:.lltu;0...,.;; 

entry, (3) Data checking activities~es project office~~~~. 

(4) Initial processing of data received by the OCSEAP Data 
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Base, and (5) Data product support to Boulder in responding 

to BLH requests. It is proposed tha~t RU 497 (Crane) 

concentrate on tasks (1) and (5) and that RU 370 (AEIDC 

t""'" . c:::;;T"F-~ 
support) divide ~ and a ~ars of effort on 

tasks (2), (3) and (4). 

The tasks identified as (1), (2) and (3) will be 
, ~ c:..,.,~~~..... ""';:tl.. Cri-- ,:,;a/ii) 
"at fbe reqP9Siii ef 8ftS l!"8:S}iOiiASi1 W to the Juneau and Fairbanks 

.:'... 
offices. Task number (4) will be jointly· an NODC/AEIDC 

activity and task (5) lvill be supervised by the Boulder 

OCSEAP office. Conflicts between these tasks will be 

brought to the attention of Dr. tv. Fischer for resolution. 

The research unit 497 will continue as a Liaison function 

with emphasis on consulting services for principal investigators. 

The Research Unit 370 lvill provide the data processing 

capability to accomplish the data entry support, the data 

checking and the initial processing for the OCSEAP data 

base. The staffing of Research Unit 370 depends on the 

time and volume constraints required by the OCSEA Program. 
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Concerning research unit 370, the University proposes to 

staff a data processing facility to assist in the certification 

of data. The data entry task tvill concentrate on forms 

design, methods of coding, limited keyentry and assistance to 

RU 497 for task (1). The data checking activity will use local 

computer facilities in certifying format compliance, data 

inventories and data summari~s. 

The style and content of the output of data checking 

activities "tvill be negotiated with the Juneau and Fairbanl-;.s 

offices. It is anticipated that all data from the OCSEA 

Program delivered for checking will be assigned a priority by 

the project offices. All correspondence concerning data 

parameters, inventory summaries or status will fall under this 

section of the activities. 

<:. '41-r:t t!.-L (J v t- ( '( tz..f! h"""<;L.~, I!' 
The initial processing of the data Eer tae D~a Base /~~~~~s~~ ce.t~ 

will be coordinated tvith the NODC and the handling of "tvill C~ 

. c~._te- -~ 
be determined by the requirements of the Data ~. ~ause 

~J:reth:r-]:;ing of thb aet;iui.ty is s:J,egendent·on Data &-:l.S-9 .prior.itii.~s, 

~ctanr"prOcess~ng control "tnli rest t'l'ith rese.a.x:.ch ... J.m:it 162. 
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VII. 

It is anticipated that all reports will be generated by the 

Data Base and no status reports will be generated by RU's 

497/370 for this activity (4). A su!I1.-nary will be attached to 

the quarterly and annual reports of research unit 362. 

The principal advantages of an OCSEAP processing 

facility are control of data delivery schedule, data 

checking, direct investigator support, and a quick 

response team to solve data management problems. 

Sawpling }!ethods 

Not applicable 

VIII. Analytical Hethods 

Not applicable 

IX. Anticipated Problems/Recommended Solutions 

1) To provide the necessary access to data check progra~s, 

telecommunication capability must be established between 

Anchorage and the Data Base. To date, no teleco~~unication 

lines have been installed in the Anchorage Processing Office. 

1) Solution: Request GSA Region X install data teleco~~unica-

tions lines. 

2) Data checking progra~s must be developed and d~livered 

to Anchorage or access to existing computer programs with 
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Remote Job Entry equipment. 

2) Solution: Install ADP hard~vare for high volume data 

transmission, such as Remote Job Entry hard~.rare. 

Both of these problems can be minimized by installing an 

FTS telecommunication line in Anchorage and installing adequate 

Remote Job Entry equipment to meet the requirements of data 

checking and certification. ADP procurement procedures may 

complicate these installations d·ramatically. 

It is anticipated that all software be delivered for local 

computer facilities and that no major telecommunication 

equipment will be installed this fiscal year. Any delay in 

delivery of data checking software or data inventories 

software will decrease the volume of checking and.increase the 

time required to develop adequate inventories and sum:naries. 

For the data processing assistance to the data base, it 

is anticipated that operating manuals, inventory file formats 

and media configurations tvill be specified in advance by the 

Data Base. Delay in delivery tvould cause an increase in start-up 

time. 

X. Deliverable Products 

A. Digital Data 

No data generated by the research unit. 
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~. 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 

XI. Information Required from Other Investigators 

Adequately coded digital data or coding forms are required 

of other investigators \vhen keyentry service is to be provided. 

Properly annotated data sets are required when computer 

compatible media are delivered. 

From RU 362~ guidance on data processing steps and 

scheduling would be required. Hanuals and operating guides 

would be required. 

XII. Quality Assurance Plans 

Not applicable 

XIII.Special Sample and Voucher Specii:ten Archival Plans 

Not applicable 
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XIV. Logistics Requirements 

No OCSEAP supported logistics are required. Logistics 

provided by the investigator's agency or provided by the 

University of Alaska fa~ RU 370 will depend on the anticipated 

req~irements of supporting the_OCSEAP management in data 

certification, data product development and management infor

mation net~vorking. Current ADP equipment provides keyentry 

capability, lotv volume unit-record transmission and limited 

file capability. As complexity/volume constraints increase, 

either time delays will occur or the necessary hardware must 

be installed to meet the specific requirements. 

Considering only the technical support by RU 370 

and the activities of RU 497, data processing equipment is 

needed to accomplish the tasks of data entry, project office 

support in data checking, initial processing of data by the 

OCSEAP Data Base and BLH data product support. The keyentry 

task will be handled by a lease of IBH 3741 equipment in the 

initial phase and replaced by discette-based, intelligent 

entry equipment. To have access to the data inventqry files, 

a telecommunications line connected to an interactive 

graphics terminal would be installed to support the BLM 

data product support. The intelligent entry equipment 

will provide the means to enhance the data checking and 

initial processing of environmental data. 
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A~. Manage~ent Plan 

The processing facility \<Till be managed by the Principal 

Investigator on a daily contac.t basis. The Research Unit 

497 provides the technical and administrative guidance to 

Research Unit 370 (processing facili,ty proper). The Principal 

Investigator is under the direct supervision of the chief, 

Special Projects Branch, National Oceanographic Data Center. 

The performance of RU 370 will be monitored using critical 

path analysis, and data processing \<Till be analyzed using queuing 

theory algorithms. Status reports to the OCSEAP management 

will provide the necessary management oversight to the data 

processing activity. In addition to quarterly r~orts, copies 

of monthly reports will be available to OCSEAP management. 

XVI. Outlook 

1. Develop data product interface to users from the Data Base. 

2. a. Interactive data access to OCSEAP data files, 1 October 78. 

:3. 

4. 

5. 

6. 

b. Data analysis programs developed to support investig~tor3 

1 Narch 1979. 

FY 79 $105k labor plus hard<:vare costs 

FY 80 $115k labor plus hardtvare costs. 

Remote Job Entry and Direct Data Entry equipr.:~ent. 

Not applicable 

Not applicable 
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XVII. 1. Updated Activity/Milestone/Data Management Charts will be 

submitted quarterly. 

2. Quarterly reports will be submitted in sufficient time 

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 speciments that will be 

preserved, labelled, held, and shipped to an official 

OCSEAP-designated repository in conformity "tvith OCSEAP 

voucher specimen policy. Vouchering will include life 

history stages (e.g., larvae, juveniles, adults) when 

these are used, and sexes where these are morphologically 

distinguishable. 

4. , At the option of the Project Office, the P. I. is prepared 

to travel to the Project Office at least twice during the 

contract year to revie~v project status and progress. Such 

revie"tvs ldll be scheduled on dates mutually satisfacotry 

to both parties. It is understood that costs of the travel 

and per diem for these trips will be borne by the Project 

Office. 
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5. Data 'tdll 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 't-Tritten 

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) 'tvill be submitted to the Project Data 

'Hanager. 

8. Title for all property purchased 'tvith OCSEAP funds remains 

with the U. S. Government pending disposition at contract 

termination. . 

9. Three (3) copies of all publication or presentation manuscripts 

pertaining to technical or scientific material developed 

under OCSEAP funds will be submitted to the appropriate 

Project Office at least sixty (60) days prior to release. 

The release of such material within a period of less than 

sixty (60) days shall be made only with prior 'tvritten 'consent 

of the Project Office. Ne>vs releases 'l:vill first be cleared 

with the appropriate Project Office. 
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10. All publications and presentations of material developed 

under OCSEAP funds 'tvill ackno-vTledge BLH/OCSE..l\.P sponsorship. 

The follm.ring standard acknowledgement is acceptable. 

"This study was supported by the Bureau of Land 

Management through interagency agreement vith the 

National Oceanic and Atmospheric Administration, 

under which a multi-year program responding to 

needs of petroleum development of the Alaskan 

continental shelf is managed by the Outer 

Continental Shelf Environmental Assessment 

Program (OCSEAP) office. 11 
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A. Modeling Algorithms for the Heathering 
of Oil ::Ln the Marine Environment 

Research Unit 499 

Renewal Proposal from the 
Marine Assessment Division 

Center for Experiment Design and Data Analysis 
Environmental Data Service 

National Oceanic and Atmospheric Administration 
Washington, D. C. 20235 

to the 

Outer Continental Shelf Environmental Assessment Program 
Environmental Research Laboratories 

National Oceanic and Atmospheric Administration 
Bering Sea - Gulf of Alaska Project Office 

Juneau; Alaska 99802 

for the·period 
October 1, 1977 - September 30, 1978 

Principal Investigator 

Dr. James S. Mattson 
Physical Scientist 

(202) 634-7379 

Proposed Cost 

$29,000 

Date Submitted 

July 1, 1977 

~~~. -Thomas S. Austin · 
Director, Environmental Data Service 
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The Center for Experiment Design and Data Analysis supports RU #499 

primarily with computing hardware, an interactive graphics system, and 

specialized system software. The CEDDA computing facility is capable 

of identically simulating the system employed by RU #140 (Dr. Jerry Galt, 

P. I.) at NOAA/PMEL in. Seattle. Additional support, necessary for the 

type of literature surveying conducted under RU f/499, is available at 

no.cost to the project from the Environmental Data Service's "OASISn 

system, an on-line literature retrieval system maintained by EDS. 

C. Technical Proposal 

I. Title: Modeling Algorithms for the ~-leathering of Oil in the 

Marine Environment 

Research Unit.Number: 499. 

Proposed Dates: October 1, 1977-- September 30, 1978 

II. Principal Investigator: James S. Mattson, Ph.D. 

III. Cost of Proposal: FY 1978 

Total: $29,000 

D. Distribution of Effort by Lease Area: Non-specific 

IV. Background: 

Prediction of the physical movement of possible oil spills constitutes 

a major objective of the Alaskan Outer Continental Shelf Environmental 

Assessment Program. The oil trajectory prediction research effort w·as 
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initially focussed by Dr. Jerry Galt (RU f.!l40) and C0-\·10rkers of NOAA's 

Pacific ~~rine Environmental Laboratory, and was restricted to two-dimen

sional transport of oil at the sea-air interface. The emphasis on two

dimensional transport was not based on any misunderstanding of the problem, 

.but was a conscious choice based upon an acknowledgment of the complexity 

of the overall oil transport problem. After the two-dimensional modeling 

program approached operational status in 1976-77, the present research 

(RU #499) was initiated on February 1, 1977 to examine the physical, .chemical, 

and biological processes that alter the composition of surface oil slicks 

and result in oil movement into the atmosphere, the water column, sediments~ 

and the biosphere. Collected under the single appellation of "weathering," 

these processes have been divided into five general headings; i) interactions 

with suspended sediments, ii) evaporation and dissolution, iii) emulsi

fication, iv) photo- and autooxidation, and v) microbial degradation of 

oil. 

We acknowledged that the incorporation of many of the known weathering 

processes in a grandiose attempt at three-dimensional modeling of oil 

movement would be difficult because of a) a substantial lack of requisite 

field or laboratory data on rates and mechanisms, and b) potential over

whelming of computing capabilities resulting from inefficient algorithms. 

We then proposed that an independent evaluation of potential weathering 

algorithms be conducted by NOAA's Center for Experiment Design and Data 

Analysis, with recommendations to be made, based upon state-of-the-art 

theories and available data, to Dr. Galt's research program (RU #140). 
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Along with the initiation of the weathering algoritlun research program 

(RU /!499), and in conjunction \vith the t\vo-dimensional modeling program 

at PMEL (RU /!140), the Spilled Oil Research (SOR) Team program (P /.!102) 

was initiated under OCSEAP sponsorship. Both principal investigators, 

Dr. Galt and Dr. Nattson, as primary users of SOR Team data, have assumed 

major roles in the direction of the SOR Team's research objectives, 

Dr. Galt directing the Team's efforts to acquire trajectory and physical 

data, Dr. Mattson directing the efforts to obtain weathering, accommodation, 

and chemical data·. 

During its first year, RU #499 (weathering) is to produce five topical 

reports, along the lines of the five areas into which weathering processes 

were divided, as well as a proposal for field and laboratory studies to be 

conducted by other research units and the SOR Team.· Some of these topical 

reports; in particular, "evaporation" and "interaction with suspended 

sediments," contain algorithms suited for immediate implementation. The 

remaining topical reports will carry descriptions of state-of-the-art 

theoretical and/or empirical approaches to emulsification and the three 

principle oxidative processes; photooxidation, autooxidation, and 

microbial degradation. ,The research recommendations prepared during the 

first year are to address the major weathering processes and prioritize 

them in such a way as to maximize the usefulness of research results in 

improving three-dimensional modeling results. 

The work proposed for FY 78 involves finishing the 12-months of 

research outlined in the initial proposal; and to upgrade those topical 

reports produced under the original guidelines so that each process can be 
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directly implemented in the modeling effort at PrffiL. RU #499 will con

tinue a high level of participation in and scientific guidance of the 

activities of the SOR Team, and assist OCSEAP in the initiation and 

monitoring of field and laboratory research activities supporting the 

modeling of weathering processes. 

V. Objectives: 

The objectives of RU #499 during FY 1978 are: 

1. to provide documented and tested algorithms to the OCSEAP oil 

spill trajectory modeling program (RU #140), and to review and upgrade those 

submitted in FY 1977, that will represent the state~of-the-art in each 

of the identifiable pathways under the collective appellation of "weather

ing" and 

2. to identify specific areas of field and laboratory research which 

offer promise of improving the validity of weathering modeling algorithms 

in the near-term, and 

3. to work with the two- and three-dimensional modelers in priori

tizing the field and laboratory research, and to assist in the preparation 

of work statements, requests for proposals or other management needs 

iri guiding this research. 

Sp~cifically, the processes to be addressed during vY 1978 include: 

1. Emulsification. There are two emulsification algorithms needed; 

the formation of oil-in-water emulsions (micelle formation) and the 

formation of "mousse." The latter has been the object of most research 

and will probably be the first of the two to reach the algorithm stage. 
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A considerable amount of fundamental physical chemistry has been applied 

to micelle formation, and this problem should yield to a concen~rated 

study. The fact that hydrocarbons ar~ often found at levels exceeding 

their solubility in water beneath oil implies that micelle formation is a 

topic that needs a careful examination. As the micelle algorithm is 

developed, a need will arise to make the nonlinear correction to the oil

sediment interaction algorithm produced in FY 1977, taking into account 

the interaction between suspended sediments and micelles. 

2. Photooxidation and autooxidation. These pathways could be minor 

when the losses from a surface slick are considered, but when .one considers 

that the reaction products can often act as surfactants, the oxidation 

processes gain added significance. It takes a relatively small amount of 

a surfactant to emulsify an oil slick, so these processes need to be 

included until we have proof to the contrary. 

3. Microbial degradation. Certainly the least. subject to rnathe

mathical. description, microbial degradation is the key to weathering 

over the long term. Thus it must be modeled. The products of rnicrobicil 

degradation al?o influence emulsification and dissolution, as do the 

other oxidative path~;vays. 

Those processes which have been modeled, at least preliminarily, ~nd 

will be produced .as finished algorithms during FY 1977, include: 

1. Interaction of surfac~ slicks with suspended sediments. A draft 

of a simplified approach to this process is attached. During FY 1977, 

this algorithm will be expa.nded to include actual subsurface mechanisms 
' 

rather than an empirical approach. 
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2. Evaporation and spreading. As physical chemical processes, these 

pathways have reached the highest level of sophistication to date. These 

processes are addressed in the accompanying draft topical report, which 

develops an approach to describe the physical behavior of an oil slick as 

a function of evaporation, the "skinning" effect observed in many spills, 

and the process of "differential spreading." 

Both of the above topics will be reexamined during the FY 1978 

renewal period, in order to assess their compatability with newly-produced 

algorithms, as well as take advantage of new information. 

VI-IX. Not applicable 

X. Deliverable Products 

The report on each algorithm will contain the theory behind each 

pathway, documentation of the theory as well as any constants necessary 

PDP-11-compatible subroutines for implementing. the effect in the OCSEAP 

(RU #140), and graphical output demonstrating its use and range of effect. 

XI-XV. Not applicable 

XVI. Outlook 

By FY 1979, it is highly likely that we will find ourselves driven 

to the acquisition of new field and laboratory data to add veracity to the 

three-dimensional modeling algorithms developed during FY's 1977-78. The 

field and laboratory phase of this research should realistically be 

estimated to require on the order of at least $300,000 per year for three 

fis,cal years. 
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XVII. 

1. Updated Activity/Milestone/Data Management Charts will be sub

, mitted quarterly. 

2. Quarterly reports will be submitted in sufficient time during 

the contract year to be in OCSEAP hands by the first day of January, July, 

and October, annual reports by April 1. The Final Report will be submitted 

within 90 days of the termination of the contract. 

3. Where biota are concerned, all species and higher categories 

will·be represented by the voucher specimens that will be preserved, labelled, 

held, and shipped to an official OCSEAP-designated repository in conformity 

with OCSEAP voucher specimen policy. Vouchering will include life history 

stages (e.g., larvae, juveniles, adults) when these are used, and sexes 

where these are morphologically distinguishable. 

4. At the option of the Project Office, the 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 

submitted to the Project Data Manager. 
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8. Title for all property purchased with OCSEAP funds remains with 

the U.S. Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts 

pertaining to technical or scientific material developed under OCSEAP funds 

will be submitted to the appropriate Project Office at least sixty (60) 

days prior to release for information and forwarding to BLM. The release 

of such material within a period of less than sixty (60) days shall be made 

only with prior w·ritten consent of the Project Office. J::Jews releases will 

first be cleared w·ith the appropriate Project Office. 

~0. All publications and presentations of material developed under 

OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The following 

acknowledgment is standard. 

"This study was.support 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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Kolpack and Plutchak (1976) divide the marine enviror~ent into five major 

reservoirs for .convenience in modeling the fate of an oil spill, including the 

water surface, the water column, the atmosphere, the sediments, and the near-

shore regime. Only the first two reservoirs will be of interest to us in this 

analysis. For reasons that will become apparent, Kolpack and Plutchak (1976) 

include the upper portion of the water column, to a rr~ximum depth of 10 meters, 

in their definition of the "water surface" reservoir. By including that slice 

of the water column in the surface reservoir, it is possible to empirically 

model the interaction of a surface oil slick with subsurface suspended particu-

late matter w·ithout considering the processes which govern transport of oil 

downward from the actual sea surface. Such an approach acknowledges the 

paucity of data available to model the downward flux. 

An oil slick is most likely to be significantly affected by suspended. 

sediments in coastal regimes impacted by rivers or glacial streams. Suspended 

sediments associated with these freshwater plumes are at their highest concen-

trations in the upper few meters of the water column as the plume spreads sea-

ward. Thus the inclusion of the entire turbid layer·in.the surface reservoir. 

Drake et al. (1972) found that the turbid surface layer. produced by floods dur-

ing the Santa Barbara Channel blowout in 1969 varied frcm 10 to 20 meters thick 

off the mouth of the Santa Clara River. Investigators working in Port Valdez, 

Alaska reported turbid surface layers varying between 2 and 10 meters in thick-

ness (Sharma and Burbank, 1973). To compute the removal of oil from the sur-

face one needs to know, besides the area of the turbid surface layer covered 

by a surface oil slick and the depth of the layer, the "sorption" capacity of 

the suspended particulate matter present in the turbid layer. 

419 



The sorption capacity of suspended particulate mat.ter depends on physical 

and chemical characteristics of the material·; i.e., grain size, composition, 

porosity~ and organic content. After the Santa Barbara Channel oil spill, 

concentrations of oil measured in the bottom sediments ranged from less than 

200 up to 19,500 ~g/g (dry weight), with the median for 352 samples analyzed 

being 1,630 ~g/g (Kolpack et al., 1971; Market al., 1972). DiSalvo and Guard 

(1975), measuring hydrocarbon concentrations in the .Ou.J..pended sediments of 

San Francisco Bay, found concentrations ranging from 190 to 6,188 ~g/g, with a 

mean level of 1,176 ~g/g. DiSalvo and Guard (1975) also report that the average 

level of total hydrocarbons in Bay sediments was 1,588 ~g/g. lUde variations, 

as reported by the above investigations, are expected as a consequence of 

varying sediment composition, grain size, the patchy distribution of oil during 

an oil spill, and so on. In both of the studies mentioned above, the suspended 

sediments involved were predominantly clay minerals (Drake et al., 1971; 

DiSalvo and Guard (1975), citing Storrs et al., 1969). 

In laboratory studies, Meyers and Quinn (1973) measured sorption capacities 

for natural sedim~nts from Narragansett Bay, seived only to <44~, ranging 

from 3 to 12 ~g/g for hexadecane (n-C16H34), to a maximum of 176 to 435 }lg/g 

for eicosane (n-c20H42). An increase in adsorption capacity with increasing 

molecular weight of a hydrocarbon might be expected from Traube's Rule consi-

erations (Adamson, 1967), but the low sorption capacity reported .by Meyers and 

Quinn (1973) for hexadecane seems out of line with the above~entioned studies. 

This may well be a result of several. competing effects, including agglomera-

tion of particles during drying and the fact that the sediments were not "fresh;" 

i.e., w·ere not recently terrigeneous origin. The presence of organic matter in 
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the sediments also served to decrease the capacity for the natural sediment 

to sorb hydrocarbons. Meyers and Quinn (1973) reported laboratory experiments 

·where [unreported quantities of] clay minerals (<441-1) \vere added to an aqueous 

emulsion of No; 2 fuel oil. From their reported data, Meyers and Quinn (1973) 

infer that bentonite sorbs twice as much oil as does kaolinite, which in turn 

sorbs twice that of illite, \vhich sorbs three to four times more oil than does 

montmorillonite (bentonite> kaolinite> illite> montmorillonite). The imme

diate question to be addressed to their results comes from the observation that 

"bentonite" is predominantly comprised of montmorillonite Ovells, 1962). It 

is suggested that the variations in sorptive capacities of the several clay 

minerals, as reported by Meyers and Quinn (1973), are related more to particle 

size distribution than to composition. 

Poirier and Thiel (1941) conducted a drastic, analog of the proposed empi

rical model. They mixed one gram of <125J.t sediment, 2.15 g ·of crude oil, and 

200 ml of artifical sea water ("suspended" sediment concentration = 5,000 mg/1) 

in a blender for periods ranging from 5 to 30 minutes. The quantity of oil 

employed, if completely sorbed, would yield a sorption capacity of 680,000 J.tg/g. 

In fact, they (Poirier and Thiel, 1941) reported capacities of an~vhere from 

150,000 to 390,000 1-1g/g after five minutes of mixing, and. 520,000 to 630,000 

J.tg/g after thirty minutes of mixing. In a similar experiment, Hartung and 

Klinger (1968) found that 10,000 mg/1 of diatomaceous earth could sediment 

80,000 J.tg/g of !!white oil" in 3% NaCl, and up to 320,000 J.tg/g in distilled 

water. 

The significant aspects of studies of oil sorption capacities for various 

minerals can be summarized as follmvs: i) oil sorption is inversely related 

to particle size; i.e., proportional to surface area, ii) for clay minerals, 

oil sorption capacities on the order of 200 to 1,500 J.tg/g are not unreasonable 
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as a priori estimates, and iii) either a low porosity (i.e., quartz sediment) 

or a high (>1%) organic content can cut the $Orption capacity of even fine-

grained sediments by a factor of two (Meyers and Quinn, 1973; Meyers, 1976). 

The next step is an analysis.by example of the proposed approach to the 

interaction of oil with suspended sediments. If one knows the depth of the 

turbid surface layer· and the mean suspended sediment concentration over that 

layer, the approach is straightforward. If there is no distinct surface layer, 

but only a low background level of suspended sediments over the entire water 

column, it seems reasonable initially to follow Kolpack's (1977) lead and 

establish a cutoff for the surface layer somewhere between zero and 10 meters, 

depending on sea state. For the first example, using the suspended sediment 

data for the Santa Barbara Channel during the 1969 blowout (Drake et al., 1972), 

one obtains the following. 

Example 1. 

For a 10-meter surface layer, an average suspended sediment concentration 

of 7 mg/1, and a sorptive capacity of 1,000 ug/g, each square kilometer 

of the sea surface reservoir should remove 7.0 x 104 g of oil by 

"sorption." 

As a second example, using Sharmaand Burbank's (19i3) data formaximum concen-

trations of suspended sediments in Port Valdez, Alaska, one calculates the 

follm.;ing interaction. 

Example 2. 

In early September of 1972, average concentrations of suspended sediments 

were on the order of 150 mg/1, and the turbid surface layer was only 

2 meters thick. Using a sorption capacity of 1,000 ug/g, each square 

kilometer could sorb 3.0 x 105 g of oil. 
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As Port Valdez has an area of about 95 km2, its total uinstantaneous" sorp

tion capacity would be about 28.5 metric tons under maximum suspended sediment 

conditions. 

In example 2, the data taken from Sharma and Burbank's (1973) report repre

sent the highest level of suspended sediments observed during their study. 

In situatiorts similar to either of the above examples, where river input of 

terrigenous sediments is high, the capacity of the sea surface reservoir to 

remove oil by sorption is being continually renewed. For example, during the 

September 1972 sampling period in Port Valdez (Sharma and Burbank~ 1973), the 

sediment input from the "Lowe River was about 1.1 x 104 metric tons/day. An 

oil slick that intersected the plume of the Lowe River during such a high-flow 

period-could lose 11 metric tons of oil per day to sorption on the Lowe River

introduced sediments alone. However, during November 1972, the Lowe River flow 

was low (22m3/sec) as was. the suspended sediment load (60 mg/1). An oil spill 

during such a low~flow period would experience maximum sediment-sorption losses 

of only 0.14 metric tons (140 kg) per day. 

To compare this approach with the only oil spill-related suspended sedi

ment data in the l~terature to date, we turn again to the survey conducted by 

Drake et al. (1972) after the 1969 Santa Barbara Channel oil spill. They 

report USGS data on water discharge and suspended sediment load for the Santa 

Clara River, as well as estimated discharges for the Ventura River, during 

1969. The winter rains of 1969 fortuitously coincided with the oil spill in 

the Santa Barbara Channel, and the bulk of the river runoff into the Channe+ 

occurred while the oil was present on the sea surface. Approximately SO 

million metric tons of sediments were input to the Channel from the Santa Clara 
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River during 1969, with 70% of the total entering the Channel on two days, 

January 25 (13 million tons) and February 25, 1969 (22 million tons) (Drake 

et al., 1972). The blowout occurred from January 28 to February 8, 1969. About 

6 million tons of sediment were introduced to the Channel from the Ventura 

River, and approximately 9 million tons were introduced by numerous small 

creeks from Ventura to Point Conception (Drake et al., 1971). Drake et al. 

(1972) report U.S. Army Corps of Engineers data indicating that about one-third 

of the sediment discharge from the Santa Clara River settled out and formed a 

delta extending from 700 to about 2,000 meters.offshore. The delta formation 

\vas due to the settling of the "sand" (>62f.l) fraction of the river sediments, 

comprising 30 to 40% of the total. Assuming that similar settling of the sand 

fraction of the other suspended sediment inputs took place, about 40 million 

metric tons of predominantly (80-90%) clay minerals were input to the Channel 

during the winter of 1969 (Drake et al., 1971). Assuming a sorption capacity 

of 500 f.lg/g, the oil sorption capacity for this much sediment would be 20,000 

metric tons. This exceeds the maximum estimates of the magnitude of the Santa 

Barbara Channel blowout, (15,000 tons) and is in accord with the opinion of 

some investigators (Kolpack, 1971, 1977; Kolpack et al., 1971) that the bulk 

of the oil was sedimented out by sorption on and flocculation with suspended 

sediments, ultimately becoming incorporated in the bottom sediments of t.he 

Channel. 

This approach to oil sedimentation is most easily applied in two-dimensional 

surface slick trajectory modeling where the volume of·~ low-salinity surface 

layer is large compared to the rate of freshwater input, or where there exists 

a ~videspread "background" level of suspended sediments rather than a well

defined low-salinity plume. For such a situation, depending on the spatial 
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inhomogeneity of the suspended sediment concentrations below the surface, the 

sea surface is divided into area elements, each element including a "slice" 

of the water column, representing either the turbid surface layer or some 

approximation of the mixed layer. Based either upon~ priori assumptions or 

field observations, an initial sorption capacity, in g/km2, is assigned to 

each area element. If sorption capacity data do not exist, a default initial 

.capacity of either 250, 500, or 1,000 ~g/g can be used, depending on the 

following criteria. If the sediments are ·likely to be fresh, highly-oxidized 

clay minerals, the higher sorption capacity is appropriate. A high percentage 

of quartz in the silt or clay particle size ranges, calls for a.reduction in 

sorption capacity by a factor of two. The second .factor that would call for 

the use of a lower capacity is the presence of a substantial concentration 

(i.e. , >3-5 mg,/1) of dissolved organic matter in the freshwater source of the 

suspended sediments. If substantial dissolved qrganic matter is known to be 

present, the default sorption capacity should be divided by two. 

The intersection of the area of the oil slick with each area element must 

then be computed, as well as the mass of surface oil in each intersection. For 

example, if the t~vo-dimensional oil slick model consists of 1,000 "dotsn. of 

oil, each initially representing identical mass, one way to avoid a conversion 

to an isopleth representation is to employ a nearest-neighbor approach to finding 

the area of intersection, in order to impute a mass· loss to each dot based on 

the sorptive capacity of the area. Spreading the cumulative mass of all dots 

in the. element over the entire area element might be acceptable under limited 

circumstances, but it seems preferable to minimize the area assumed to be 

represented by each dot in order to not accentuate the extent of sinking. 
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The.nearest-neighbor approach involves computing the Euclidean distance 

between each dot in the area element and its nearest neighbor in the same or 

adjacent element. The mass of oil represented by that dot is then assumed to 

be spread uniformly over a circle with a radius equal to one-half the nearest

neighbor distance. Applying the sorptive capacity of the area element to the 

area now represented by the oil dot yields the mass change-to be applied to the 

dot. Summing all of the mass losses gives the change to.be applied to the sorp

tive capacity for the entire area element. Figure 1 is a graphical illustration 

of this procedure. The nearest-neighbor circles surrounding the seven dots 

in area 3 represent a combined area of about 4.4 kmz. For a sorption capacity, 

a, of 105 gfkm2, the total oil mass loss in area 3 for this step amourits to 

4.4 x 105 g. Apportioning the losses to the oil dots according to their respec

tive areas, six of the dots each undergo a mass reduction of 6.9 x 104 g, and 

the seventh loses 2.7 x 104 g, out.of initially equal masses of 106 g per dot. 

The sorption capacity of area 3 decreases by 4.4 x 105 g, which, when spread 

over.the entire area (22.6 km2), reduces a for the next step to 8.0 x 104 g/k:m2 

This approach can be viewed as a steady-state model of the suspended sedi

ment plume, ignoring water movement across area boundaries, and perturbed only 

by the presence of oil. Water movement does exist, but it is not reasonable 

to ascribe the same movement to the suspended sediments because, as the plume 

spreads away from its source, the concentration of suspended sediments within 

the plume decreases. 'This· is due.both to a decrease in water velocity, and 

an increase in salinity which causes double-layer· compression around clay 

particles, resulting in flocculation and settling. Thus as loqg as·the model 

is operating offshore, where the effect of incoming freshwater and suspended 
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Figure 1. Sinking of an Oil Slick by Sorption on Suspended Sediments? 
using Empirical Algorithm and Nearest-Neighbor Approach to Area Intersection. 
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sediments is reduced by virtue of the large area of the plume, the steady

state approach should yield satisfactory results. Where the oil spill is 

approaching the source of the turbid plume, additional accounting for the 

source term, and for fluxes between adjacent "surface" area elements will have 

to be considered. Such nearshore processes have not been considered here. 

The above approach to the process of sedimentation of oil spillsis 

. an oversimplification of the process, ignoring interface-crossing processes 

and substituting instantaneous flocculation and mixing for time-dependent models 

of those processes. Some behavioral aspects of oil slicks are acknowledged; 

the nearest-neighbor approach recognizing that central regions of oil.slicks 

are thick and less reactive. The research recommendations due under RU /1499 

discuss many of the processes that were necessarily ignored in the empiri-

cal approach.above, as well as outline a laboratory and field research pro

gram intended to provide necessary rate and mechanistic data in an expeditious 

manner. 
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INTRODUCTION 

Oil at the air-sea int_ertace nas been the principal subject of interest 

to mathematical modelers of oil spill behavior (Stolzenbach et al., 1977). The 

extent to which the surface slick spreads determines the rate of mass loss due 

to evaporation, dissolution, oxidation, and oil-in-water emulsification. Were 

an oil slick to behave "nicely"· and spr.ead to a mqnomolecular . thickness, the 

oil-water and oil-air interfacial areas would reach their theoretical maxima and 

degradative processes could proceed apace, unfettered by rate limitations imposed 

due to the finite film thickness of an actual surface slick. The majority, if 

not all, of the oil spill modelers today recognize that oil does not spread to 

monomolecular thicknesses. Yet, no models presented tq date account for the 

nonuniform spreading of surface slicks; i.e., the tendency to form "pancakes" 

(lenses), "ropes" (windrows), and generally spread into a relatively small 

area of thick oil surrounded by a much greater area of thin oil ("sheen"). 

This report describes some of the physical chemical considerations that apply 

to surface slicks, particularly differential spreading and,evaporation. 

SPREADING 

Crude oil behaves in such a complex, composition-dependent fashion that it 

would be a mistake to suppose that any of the physical models proposed to date 

are adequate. to describe what happens in the real world. As the chemical compo

sition of weathered crude oils and residual fuels is predominantly high-boiling 

hydrocarbons, it is surprising to find that such oils spread at all, other than 

that required from gravity alone. Theoretically, high-molecular-weight hydro

carbons on water should appear as large, relatively thick lenses. Langmuir 

(1933) defined the "spreading coefficient,." Fs, for immiscible liquids of 

different densities by equation !J.•], where y1 is_ the surfac;:e tetfsfon ·of ·the 
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[1] 

heavier liquid, Y2 is the surface tension of the floating liquid, and YI2 is the 

interfacial surface tension. Oil will not spread on water unless Fs > 0, and so 

long as F~ remains positive, uncontained spreading wili continue until a monomo

lecular film is obtained. When Fs < 0 the oil will contract into lenses of 

thicknesses limited by gravity. For pore hydrocarbons on pure water~ n-alkanes 

larger than octane (C8HI8) will not spread, as they exhibit negative spreading 

pressures; and none of the cyclic hydrocarbons spread spontaneously (Garrett and 

Barger, 1970). 

For nonspreading substances, Fs can be determined from the measurement of 

·the central thickness of a free-floating lens. According to Langmuir (1933), 

lenses of more than 6 em diameter exhibit a uniform centrai thickness, approxi

mating closely the thickness of a lens of·infinite radlus~ t;.. The limiting. 

thickness, t=, is computed from equation [2] (Langmuir, 1933), where 

[ 2] 

PI a,nd p2 are the specific gravities of the denser and lighter substances respec

tive~y, and g is the gravitational constant. For example, substituting the 

value of P2 = 0.96 for Argo Merchant oil, and an approximation to Fs of -12 

dynes/em, yields a predicted lens thickness of 0.65 em, as compared to visual 

estimates of 2 to 3 em made by divers at the scene of the Argo Merchant spill. 

The spreading theory of Langmuir (1933) requires some adjustments for two 

non-ideal phenomena, partial miscibility and the presence of surface-active 

impurities. For example, benzene would be expected to spreac;l on water, as 

according to equation. [1], Fs (berizene/water) = 72.8- 28.9 - 35.0 = 8.9 dynes/em, 

but for the fact that benzene and water are partially miscible, reducing both 

Yl and Y2, so that actually: Fs (benzene/water) = 62.2 - 28.8 - 35 .• 0 = -1.6 

dynes/em. Thus, when benzene is placed on water, an initial rapid spread-

433 



ing occurs. Then, as the t'tll'O liquids equ.ilibrate with each other, the benzene 

retracts and forms a lens. For almost all low-surface-tension liquids on_water, 

the final spreading pressure will be ne&ative, leaving a relative thick central 

lens surrounded by a monolayer film (Adamson, 1967). For an oil slick of 

substantial (i.e., km) dimensions, even where there may be significant shear 

forces· immediately beneath the slick, it is unlikely that_ subsurface turbulence 

or shear would be able to carry away dissolved oil rapidly enough to defeat the 

effects. of mutual dissolution as described in the previous paragraph. Thus, 

for actual oil slicks on water, the values of Yl and Y2 will have to include 

the consideration of mutual miscibility. 

The second non-ideal effect, vitally inmortant in the.spreading of petro-

leum oils, is the decrease in interfacial tension caused by the presence of 

surface-active molecules at the oil-w·ater interface. Lowering :y 12 increases 

Fs, and enables spreading to take place where it otherwise would not. Langmuir 

(1933) found that a small .amount (=1%) of_stearic acid in tetradecane (C14H3Q) 

lowered the interfacial tension between tetradecane and water sufficiently to 

cause spreading of what in theory is a non-spreading liquid. Removal of the 

stearic acid resulted in lens formation, and an Fs for tetradecane on water of 

-6. 2 dynes/ em. [Tetradecane itself does not dissolve in 'tvater to a significant 

extent, having a solubility in sea water of about 1.7 parts per billion (ppb) 

(Sutton and Calder, 1974)]. Adamson (1967) reports a lowering of interracial 

tension between a paraffin oil and water from 41 dynes/em to 7.2 dynes/em by 

addition of a trace of sodium oleate. The partial O:J:tidation of n.-octane to 

n.-octanol reduces Y12 from 50.8 to 8.5 dynes/em for the pure liquid on water 

(Weast and Selby, 1966, p. F~27), and.Zisman (1941) reported that the addition 

of 0.2, 0.5, and l.O%_n-dodecanol to a nonspreading paraffin oil (Fs = -11.7 

dynes/em) resulted in spreading pressures of 3.0, 11.0, and 17.5 dynes/em 
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respectively. Berridge et· al. (1968) measured spreading pressures ranging from 

+17 9,ynes/cm for Kuwait and Tia Juana (Velezuela) Medium crudes, up to 27 

dynes/em for Brega (Libya) crude. Garrett and aarger (1970) measured initial 

spreading pressures of 25-33 dynes/em for a light crude (33 dynes/em), a heavy 

crude (28 dynes/em) a residual fuel (25 dynes/em), and a diesel fuel ·(26 

dynes/em), and Barger (1973) reported initial spreading pressures ranging from 

10.5 dynes/em for JP-5 jet fuel to 29.6 dynes/em for a No. 2 fuel oil. The high 

observed Fs values for petroleum oils are almost entirely due to the presence 
,. 

of partially oxidized _hydrocarbons, exhibiting surface activity q.t the oil-water 

'interface (Garrett, 1974). 

rhe introduction of surface-active molecules into the oil-water interface 

serves to increase the radius of an oil leiiss until a critical -concentration of 

surfactant is rea~hed where the lens is no longer stable, Fs changes sign, and 

active spreading begins to take place. ·One can imagine a population of oleo-

philic bacteria underneath an ~il.lens, slowly producing surface-active molecules 

by partial oxidation of hydrocarbons, reducing Yl2 in a continuous fashion 

allowing Fs, and thus the radius of the lens,. to increase steadily. Redistri

bution of the surface-active molecules over the larger·area will slow the spread-

ing somewhat, but could not stop the spread of the lens unless the surfactants 

were to redistribute vertically as well as hor~zontally; i.e., diffuse into 

the bulk oil or be removed from the interface by dissolution. 

Fay (1971) incorporated the diss.olution of oil into water in his considera-

tion of the processes responsible £or terminating the spreading of an oil spill. 

Re assumed that molecular diffusion is rate-determining for this process, causing 

the spread of an oil slick to stop at a maximum area, A, described by equation [3]. 

In equation [3], ka is an empirical constant on the order of one, Vis the 

volume of oil involved, p and v are the density and kinematic viscosity of 

water, D is the molecular diffusion coefficient for the soluble components 
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of the oil, and s is the solubility of those components (Fay, l971). Because 

of the difficulty in determining Fs and s, Fay (1971) proposed that the 

maximum area A, in m2, be related to the volume of a spill, in m3 (1 m3 ~ 1 

metric ton), by the empirical relationship of equation [4]. Equation [4] is 

obtained from equation [3] by assuming Fs = +10 dynes/em, D = 10-5 cm2/sec, 

[4] 

s = lo-3g/cm3, ka = 1. Fay coxrsidered equation [3] a reasonable fit to data 

obtained by Allen and Estes (cited in Estes and Senger, 1972). 

The value of s assumed by Fay is unreasonably high. The bulk of the 

water-soluble compounds.in petroleum oil exhibit significantly lower solubi1i-

ties. Several examples are listed in Table I, inspection of which shows that 

of all of the compounds listed, only a benzene spill would satisfy Fay's choice 

of s = 10-3. The light fractions of an oil spill tend to disappear by evapora-

tion very quickly, and it is expected that concentrations of thermodynamicalll 

dissolved hydrocarbons beneath an oil slick will be quite low, particularly 

after a few hours of weathering. In a series of experimental spills of crude 

oils, two 10 bbl spills each of two crude oils, McAuliffe (1977a) found total 

dissolved hydrocarbon concentrations not exceeding 60 ppb in water samples 
r 

taken five feet beneath the slicks. Particulate hydrocarbons were present, 

however, at much higher levels; i.e., 330 to 6,000 ppb, under the same spills 

(McAuliffe, 1977a). The concentrations of oil measured beneath actual slicks 

far exceed those based on solubility considerations alone. Besides the values 

reported by McAuliffe (1977a), values not exceeding 250 ppb were reported for 

samples taken beneath the Argo Merchant oil slick (Grose and Mattson, 1977), 

and the first preliminary analyses from the Ekofisk blowout in the North Sea 
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Table I 

Solubilities of Representative Petroleum Hydrocarbons 

Molecular Solubility 
Compound Weight ppm Solvent References 

Aromatics 
Benzene 78 1250 Sea Water Lassiter et al. , 1974 

II II 1780 Dist. Water McAuliffe, 1966 
Toluene 92 SIS 11 II 

a-Xylene 106 175 II II 

Ethylbenzene 106 152 II II 

1,2,4-Trimethylbenzene 121 57 II II 

Isopropylbenzene 120 50 It II 

Naphthalene 128 22 Artifical Eganhouse & Calder, 1976 
Sea Water 

1-Methylnaphthalene 142 26 II II 

Biphenyl 154 4.7 II " 
1,5-Dirnethylnaphthalene 156 2.7 Dist. Water II 

J>-
w Phenanthrene 178 0.7 Artifical " -....! 

sea water 

Cycloparaffins 
Cyclohexane 84 159 Dist. water McAuliffe, 1966 
Methylcyclohexane 99 14 II " 

n.-Paraffins 
n.-Hexane 86 9.5 Dist. water McAuliffe, 1966 
n.-Heptane 100 2.9 II II 

n.-Octane 114 0.7 II " 
Dodecane (C12) 170 2.9xro-3 Sea Water Sutton & Calder, 1974 

II II 1. 8xlo-3 II Button, 1976 
Tetradecane (C!4) 198 1.7xlo-3 II Sutton & Calder, 1974 
Hexadecane (Cl6) 226 .0.4x1o-3 II " 
Octadecane <c1s) 254 0.8x1o-3 II II 

Eicosane (C2o) 282 0.8x1o-3 II It 

Hexacosane (C26) 366 0.1x1o-3 " " 



indicate subsurface hydrocarbon concentrations on the order of 100 to more 

than 300 ppb at depths of 1 and 5 meters (Bratberg, 1977). Freegarde et al. 

(1971) report~d concentrations of total hydrocarbons ranging from less than 

10 to 450 ppb beneath three intentional spills of Kuwait crude (25, 75, and 

100 metric tons respectively). These values would appear to support an 

acceptable approximation to s in Fay's model of no more than 5 x 10-7g/cm3. 

Excess concentrations of petroleum hydrocarbons beneath oil slicks, over that 

expected from diss.olution and molecular diffusion alone, most likely conslsts 

of stabilized colloidal and supracolloidal particles. Both the colloidal frac-

tion and the supnicolloidal particles may have their origin at lens-water 

interfaces, particularly at the edges of the lenses, rather than coming, from 

the entire slick. 

For actual oil spills, where no single component is likely to comprise more 
I 

than one or two percent of the total mass of the spill, and there are thousands 

of individual chemical compounds present in the oil, the process of lens forma-

tion superimposed on complicated chemical composition results in ehemleal 

6~ctionation at the surface. tYhere lenses contain freshly spill oil, as in the 

San Francisco Bay spill of January, 1971, and in the Argo Merchant spill of 1976-

77, visual observations of their behavior have given rise to speculation that 

the. thin sheen surrounding each lens is being "fed" by the more volatile compo-

nents of the lens (McAuliffe, 1977b; this author, personal observations). Phillips 

and Groseva (1975) demonstrated that a mixture of hydrocarbons with different 

spreaa:tng coeffici~nts will chemically fractionate during spreading. In one 

experiment, they allowed an equimolar mixture of toluene (Fs = +6.8), it-octane 

(Fs = +0.22), and n-decane (Fs ~ -2.3 dyne/em) to spread on water at l0°C. 

Five seconds after spreading started, the center of the slick was enriched in 
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decane, the non-spreading component, while the periphery (zl0.5 em radius) was 

enriched in toluene, the component with the highest.spreading coefficient. 

Table II summarizes the results of Phillips and Groseva (1975), and shows .that 

after 5 seconds of spreading, the toluene/decane ratio in the central portion· 

of the oil was about 0. 2 while at the periphery the ratio was approximately 4~ 6. 

After 15 seconds of spreading, the toluene/decane ratio near the center was 

unchanged, while the ratio at the periphery decreased to about 2.2. Similar 

results were obtained when the equimolar mixture of toluene/octane/decane was 

added to Norman \\fells (Mackenzie River) crude oil. The data in Table II 

indicate that the concentration gradients for the three compounds decreased in 

order of their respective spreading coefficients, but with n-octane behaving 

as though it had a negative Fs, rather than the slightly positive one cited by 

Phillips and Groseva (1975) and other investigators (Langmuir, 1933). 

-EVAPORATION 

Evaporation plays a role .in the physical structure of a surface slick, as 

it changes the viscosity and surf~ce tension of the oil, but these changes are 

difficult to describe mathematically (Wang et al., 1976; Regnier and Scott, 1975; 

Mackay and Matsugu, 1973). While not rate-limited by mass transport in thin 

films, evaporation is initially rate~limited by molecular diffusion within the 

oil in lenses. As the low-molecular-weight hydrocarbons volatilize from the sur

face of a lens, the less volatile components will form a semipermeable "skin'' at 

the air-oil interface (Wang et al., 1976). The presence of this skin serves to 

stabilize the lens against continued evaporation. However, s~a surface turbu

lence can break up the lens, allowing evaporation to continue. For freshly 

spilled oil, there can be a marked ·compositional difference between the outside 
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Table II 

a 
Differential Spreading of Petroleum Hydrocarbons 

A. Mixture of toluene/n-octane/n-decane. 

mole fr§lction, 
at 5 - 5 sec 

toluene 
·n-octane 
n-decane. 

at t - 15 sec 

toluene 
n-octane 
n-decane 

B. Mixture of 

mole fraction, 
at 5 = 5 sec 

toluene 
n-octane 
n-decane 

at t = 15 sec 

toluene 
n-octane 
n-decane 

initial 
composition r = 1 em 

0.33 0.14 
0.33 0. 20. 
0.33 0.66 

0.33 0.13 
0.33 0.21 
0.33 0.66 

toluene/n-octane/n-decane/crude 

initial 
composition 

o.cp 
0.17 
0.17 

0.17 
0.17 
0.'17 

r = 1 

0.22 
0.30 
0.48 

0.16 
0.30 
·o. 54 

em 

ainterpolated from Phillips and Gro~eva (197S). 
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oil 

r = 10.5 

r = 

0.73 
0.11 
0.16 

0.62 
0.10 
0.28 

10.5 

0.54 
0.20 
0.26 

0.65 
0.08 
0.27 

em 

em 



and the interior of thick lenses of oil (HcAuliffe, 1977b). lfuile some labora

tory studies (Kreider, 1971) showed that it required 20 days for components 

with boiling points up to 270°C (i.e., n-paraffins up to c15) to evaporate, 

several investigators have shown that virtually all n-paraffins of carbon number 

less than 16 (boiling points _::. 270°C) evaporated from actual oil sli.cks within· 

hours to a few days (Sivadier and Mikolaj, 1973; McAuliffe, 1977b; Butler et al., 

1973; Smith and Macintyre, 1971).· Sivadier and Mikolaj (1973) found that 

natural seepage oil from the Santa Barbara Channel lost everything up to about 

a boiling point of 270-280°.C in a matter of hours, with '90% of the evaporative 

loss occurring in two to six hours (sea surface temperature 19-20°C, wind speed 

4-6 m/sec, air temperature 28-30°C). After the initial loss of the low

molecular-weight fraction, oil lenses appear, in at least one study, to have 

relatively uniform chemical composition from the inside out (Butler, 1975). 

Butler's (1975) conclusion regarding uniform composition may not be applicable 

to crude oil spills, however, ·as he bases his conclusion on. analyses of high-wax

content tar balls, which are often thought to originate primarily from.episodes. 

of tank washings. [Since the high-molecular-weight waxes in crude oil tend to 

coalesce on the tank walls during shipment, oily residues from the cleaning of 

tank vessels tend to be Gomprised primarily of such waxes.] ·Such residues would 

not be expected to have a liquid center surrounded by a semipermeable skin, 

where the residual oil left after a spill of crude qil may·w~11 have such character. 

As it is acknowledged (Butler, 1973; I!ofcAuliffe, 19:Z7b) that hydrocarbons 

below cl6 disappear after several hours to a few days of "tveathering' one simple 

method that has been proposed for including this short-term evaporation pro

cess in mathematical models of oil spills (Lassiter et al., 1974) is to apply 

a single-step mass adjustment at a time of, say, 72 hours, removing everything 

with boiling ·points up to 270°C. These lower-boiling constituents make up 
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Table III 

ac .. 
omEos~t~on of Alaskan Crude Oils by Boiling Range 

McArthur R. , Swanson R. Middle Ground Trading Bay bPrudhoe Bay 

Boiling Range 

< 275°C 47.4% ltO. 9% 58.1% 39.1% 33.1% 
C275- 308°C 3.3% 3.0% 3.9% 3.6% 2.8% 
C308- 336°C 5.2% 6.2% 5.7% 7.9% 6.5% 
C336- 364°C 7.0% 4.0% 4.9% 4.9% 6.8% 
CJ64- 392°C 4.2% 6.1% 5.5% 4.3% 6.0% 

> 392°C 29.8% 37.4% 19.2% 38.4% 43.7% 

Specific Gravity 

crude oil 0.848 0.875 0.818 0.883 0.893 
~ 

>275°C residue 0.938 0.951 0.915 0.955 0.949 ~ 
N 

>392°C residue o. 977 0.991 0.958 0.996 0.978 

d1975 Production 

mi:)..lion barrels 40.9 8.8 8.7 6.1 n/a 

a . 
From U.S. Bureau of Mines, Bartlesville, Oklahoma. 

hFrom Coleman et al. (1973). 
c 

Converted from 40 mm Hg boiling points, according to Coleman et al. (1973). 

dFrom Beazley (1976). 



anywhere from 25 to 50 percent of a crude oil, and ,it requires little composi-

tional data to determine the appropriate single-step mass adjustment. Com-

position data for four Cook Inlet crude oils and Prudhoe Bay crude are given 

in Table III. Ferraro and Nichols (1972) provide similar data on crude oils 

from 122 foreign oil fields that could be used in such an approach. 

Once the initial rapid evaporation of low-molecular-weight constituents is 

over, an approach suggested by Butler (1975) is useful for computing subse-

quent mass losses from evaporation. Butler (1975) takes the approach that 

partially weathered residues are uniform in composition throughout~ and that 

evaporation is slow enough that mass transport within the viscous residue is 

not rate-limiting, but that each constituent evaporates by a first order 

process according to.its concentration, xi• and vapor pressure, Pi, according 

to equation [5], where ki is the empirical rate coefficient for the ith 

xi = x~ exp (-kitPi/x~) [5] 

component, and x9 and x~ are the quantities of the ith component in the original 
~ ~ 

oil and at time t. Using. tabulated ((Weast and Selby, 1966, pp. D-117-136) vapor 
~ 

pressure data for C6 to Cl8 hydrocarbons, Butler (1975) obtained a regression 

fit for PN = exp(l0.94-1.06N), where N is the number of carbon atoms in the 

hydrocarbon molecule. For n-alkanes, the fit. is quite good (±20% at 95% con-

fidence level), and even for aromatics and other nan-n-alkanes, the fit is 

fair (±a factor of 2.5). 

Butler (1975), on examination of gas chromatograms of weathered tar balls 

on Bermuda beaches, obtained a value of ki/x~ ~ 35 torr-1 day-l. Substituting 

this value and the expression for PN from tabulated vapor pressure data, and 

suming over all N ~ 16, equation [6] is an approximation to the mass remaining 

mass (t, days) = [ exp(-2xl06·t·e-l.OGN) 
N=l6 

443 

[6} 



Table IV 

Mass Losses for Ci6-C25 Hydrocarbons by Evaporation 

Carbon Bo;i.ling Mass remainj:ng at time t 
Number, N Point, oc t = 10 days t == 100 days t - 1000 days 

16 286.8 0.42 0.00 0.00 

I 17 301.8 0.74 0.05 0.00 
I 
' ' 18 316.1 0.90 0.36 o.oo 

19 329.7 0.97 0.70 0.03 

20 342.7 0.98 0.88 0.29. 

21 356.5 1.00 0.96 0.65 

22 368.6 1.00 0.99 0.86 

23. 380.2 1.00 1.00 0.95 

24 391.3 1.00 ·1:oo 0.98 

25 401.9 1.00 -1:oo 0.99 
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for petroleum fractions with boiling points greater than 270°C. From an 

examination of Table IV, one can readily see that this computation is not 

particularly tedious as, for example, only the 287-318° boiling range fraction 

exhibits significant evaporative losses.during ten days of weathering, and 

even for a 100-day period·, one need consider only the 287-357° boiling range 

fraction. 
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~' ~-nr-r 
Acceptance enewal Proposal for RU 499 11Weathering of Oil 11 

The proposal, 11Modelling Algorithms for the Weathering of Oil in the 
Marine Environment by Dr. James S. Mattson has been reviewed in the 
Juneau Project Office. The scope of,the proposal goes somewhat beyond 
the original guidance letter of 7 June 1977; however, it is recommended 
that it be accepted. The stipulation is made that the scope of work 
required is to complete the work begun late in FY 77 whose objectives 
were to provide an algorithm for weathering processes, together with 
recommendations for ways in which the algorithm may be improved by 
additional research. 

The funding level of $29,000 is recommended, in accordance with previous 
agreements between CEDDA and OCSEAP Program Office. 
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OBJECTIVES 

The objectives of the proposed research program on activity

directed fractionation of petroleum samples are to isolate and character

ize potentially hazardous fractions in crude oil or weathered crude oil· 

that are not currently being studied in the Alaskan OCS program. 

INTRODUCTION 

Crude oils are comprised of many thousands of individual organic 

compounds that fall. into many different classes including normal paraffins, 

isoparaffins, cycloalkanes (naphthenes), aromatic hydrocarbons (1 to 7-

rings), partially aromatic fused-ring hydrocarbons, thiophenes, carbazoles, 

benzofuranes, carboxylic acids, and porphyrins. Some of the more polar, 

higher-molecular-weight, or less soluble components of these classes are 

referred to as a single fraction, the pentane-insolubles or asphaltenes. 

Many additional components are formed during weathering. 

Our knowledge of the relative biological hazards associated 

with the various components or fractions of petroleum is very limited. 
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The main components that are known to be hazardous are the benzenes, and 

naph~halenea, which are toxic c;~.nd the pa,lynuclear aromatic (PNA) hydro

carbons, many of which are carcinogenic. 

In.an environmental situation the concentration of hazardous 

petroleum components relative to nonhc:tzardous indicators may be drastically 

different than that foun~ in a fresh crude oil. 
'; 

Therefore, researchers concerned with the hazards of petroleum. 

P.ollution need to acquire baseline data on those components from petroleum 

that are potentially the most hazardous as well as on components that are 

good petroleum indicators. 

A major portion of the hydrocarbon analysis effor.t of the current 

BLM outer continental shelf program including the Alaskan OCS program is 

d-irected toward components that may not be very hazardous and may not be 

good petroleum indicators, namely the saturated hydrocarbons and the bi

ogenic interfering components that frequently predominate in the so-called 

"aromatic hydrocarbon'' fraction. The relativ.ely nontoxi"C saturated hydro

carbons, which are good indicators for studying a gross oil spill situation, 

may bemostly biogenic at background levels and therefore not suitable as 

petroleum indicators. .Aromatic hydrocarbons are much better petroleum 

indicators but;in baseline studies, especially in tissue samples, chey 

usually go undetected because of ~nterference from biogenic olefins and 

fatty ketones. Even in the absenc.e of interferences most of the benzenes and 

naphthalenes would be missed because their relatively high volatility puts 

them outside of the retention index range of 1400 to 3200 being studied. Con

sequently the PNA hydrocarbons are the only known hazardous petroleum in

dicators likely to be found in the current program. It is apparent that the 

analytical methods should be optimized for the detection of PNA hydrocarbons 

and the removal of interferences. 

It is also apparent that more information needs to he acquired 

about the potential hazard of other components of petroleum and weathered 

. petroleum. If there are other potentially hazardous. components., they need 

to be identified and methods for· their analysis need to be incorporated into 

the overall,program. 
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Battelle's Columbus Laboratories:is currently using activity

directed fractionation, which couples high pressure liquid chromatography 

(HPLC) with recently developed in vitro biological screening procedures, to 

isolate potentially hazardous components in organic mixtures. Activity

directed fractionation can be a particularly efficient approach to obtaining 

the information needed on the potential hazards of petroleum components. 

We are presently involved. in Phase I of this research effort, which is 

the fractionation of weathered and non-weathered Prudhoe Bay crude oil 

by HPLC followed by in vitro biological screening. 

CURRENT PROGRAM STATUS 

The principal oil that we are currently working w!th is Prudhoe 

Bay crude. This oil was weathered in a 4 x 4 foot pine board square box 

moored in Auke Bay from July 12, 1976 to September 14, 1976. The depth 

of the oil slick ~as initially 1/4 inch. Approximately 100 ml samples of 

the oil were taken on each of the following dates: August 2, August 13, 

August 31, and September 14, 1976. In addition, one large (1 liter) 

sample was taken on August 16, 1976. · These samples. were received along 

with 500 ml of unweathered Prudhoe Bay oil in February, 1977. 

Twepty grams of the unweathered Prudhoe Bay oil have, initially, 

been fractionated into pentane-soluble and tetrahydrofuran (THF) soluble 

fractions. Only a minor portion of oil was insoluble in THF (<1 percent) 

and, therefore, the trituration step with DMSO was eliminated. Residue 

weights were obtained giving 87 percent pentane-solubles, 3 percent THF

solubles for a 90 percent recovery. The pentane-solubles are presently 

being fractionated on silica gel. 

PROPOSED RESEARCH. PROGRAM 

The present research effort has been concerned with applying 

modern liquid chromatographic fractionation methods to petroleum samples. 

This will allow chemical fra~tionation into major compound classes which 
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can be assayed for relative toxicity. Once the most toxic fractions have 

'been determined by Salmonella or cultures of mammalian fibroblasts, it 

will -be ·necessary to test the biological ·effects of ··these classes of 

· compounds on sensitive marine species or life stages, and to identi'fy 

those components whiGh are the most biologically effective. 

rhe objectives of the proposed research program are threefold: 

• Refractionate larger quantities of oil to obtain 

toxic fractions with sufficient quantity of 

material to test on marine species. 

• Test the biological effects of these fractions 

containing specific classes of compounds found 

most toxic to sensitive marine species or life 

stages, such as larval fish, larv~l Dungeness crabs 

or Pandalid shrimp. · 

• Identify those compounds found most biologically 

effective and recommending analytical procedures 
l . " 

suitable for their quantitative determination in 

environmental samples. 

Fractionation 

We are presently developing and validating analytical and 

semi-preparative fractionation methods for in vitro biological testing. 

It will be necessary to app~y our knowledge of the best fractionation 

steps to the preparative isolation of toxic classes. of compounds, so that 

sufficient quantities can be obtained for testing on marine species. 

Solubility Fractionation 

In this first separation step, the procedure will essentially 

remain the same. Initially a pentane-insoluble fraction, the asphaltenes, 
' will be separated out. This fraction will be subfractionated by trituration 

with tetrahydrofuran followed by trituration with dimethyl sulfoxide (DMSO) 

to- give a THF-soluble fraction and a DMSO-soluble fraction. It is likely 
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that only the THF step will be necessary to dissolve the asphaltene 

fraction as evidenced by our.initial analytical work •. However, when 

using larger quantities of oil, DMSO may be necessary. DMSO is chosen 

because of its high solvency and because it is compatible with both HPLC 

size separation and the bioassay procedure.· THF is compatible with HPLC 

size separation and can be readily exchanged with DMSO for bio-assay. 

Sample sizes of up to 1 kg of oil will be used to obtain fractions that 

contain sufficient quantities of material in both the THF-soluble and 

DMSO-soluble fraction. ·The DMSO-insoluble fraction will be discarded. 

Silica Gel Chromatograph;· 

The bulk of the oil, the pentane-soluble fraction, will be 

separated on the basis of polarity u?ing activated silica gel. Since we 

will have a better idea of where the most toxic activity lies, separation 

of this fraction will be improved. To do this, a more efficient prepara

tive silica gel column (2000 theoretical plates vs 200 we are presently 

using) will be used. We now have the capabilities in our laboratory of 

high pressure (15,000 psi) slurry.packing our columns to obtain high 

efficiency preparative columns. Our original elution scheme producP.d six 

fractions. Fraction 1, eluted with petroleum ether, will contain all of 

the saturated hydrocarbons; Fraction 2, eluted with 20 percent methylene 

chloride in petroleum ether, will contain the mono and diaromatic com

pounds; Fraction 3, also eluted with 20 percent methylene chloride in 

petroleum ether,. will contain the tri and .polyaromatic hydrocarbons and 

dibenzothiophenes; Fraction 4, eluted with straight methylene chloride, 

will contain the carbazoles and compounds with moderate polarity; Fraction 

5, eluted with acetonitrile, will contain the phenols and other polar 

components; and Fraction 6, eluted by Soxhlet extraction with aqueous 

acetonitrile, will contain any traces of highly polar components. 

A number of fractions will be collected on the higher resolution 

silica gel column, only where the most activity was observed in our pre

vious study. In this way, a cleaner isolation of the toxic fractions can 

be obtained for further study. 
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HPLC Fractionation 

The THF-soluble fraction, DMSO~soluble fraction, and the toxic 

fractions from the silica gel chromatography will be subfractionated on 

the basis of molecular size. · This will .be accomplished .by using HPLC with 

a 100A0 l!-Styragel™ column which performs in the gel permeation mode. 

Our preliminary results f'rom.applying this HPLC method to Cook Inlet crude 

oil are shown in the chromatograpm of Figure 1. .. The fractions obtained were 

distinctly different as determined by gas chromatography and described in 
TM Table 1. The l!-Styragel system gives resolution that is far superior to 

older gel permeation supports as shown by Figure 2, in which baseline resol

ution is achieved for small molecules as similar in size as benzene and. 

anthracene. The capacity of this column will be increased if there is a 

need for fractionation of larger quantities of materials at this stage. 

Once again fractions will be collected only where toxic activity was 

observed in our previous study. Their toxicity will be reconfirmed by 

in vitro bioassay. 

The most active fractions will be subfractionated by HPLC using a 

preparative bonded microparticulate ODSor cyanopropyl reverse-phase column 

which fractionates by the partitioning mode. With our new capabilities, 

high performance preparative columns of a specified capacity or effi~ienty 

can be slurry packed in our laboratory. The bonded reverse-phase· ·systems, 
TM and the l!-Styragel system, give essentially complete recovery of components. 

The most active fractions will be more closely monitored this time when 

further subfractionated into 5 to 10 fractions by more fully utilizing the 

resolution capabilities of a reverse-phase column or by usinga silica gel 

column which fractionates by an adsorption mode. 

The overall fractionation scheme described above is summarized 

in Figure 3. Short cuts can now be made in this scheme by isolating only 

those fractions which were toxic in our present study. Residue weights 

will be obtained on each active fraction in order to establish a material 

balance and to determine the concentrations subjected to bioassay and 

further fractionatio.n. Procedural blanks will. be run to detect any artifacts 

from solvents, silica gel,·dr HPLC columns. The HPLC runs will be monitored 

by a differential. refractive index detector when large samples are involved, 
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Fraction 
Number(a) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TABLE 1. HPLC FRACTIONATION OF. COOK INLET CRUDE OIL 
USING ~-STYRAGEL 

Retention Representative Components 
Time, min. Determined by GC Analysis 

22-24 >C30 n~Paraffins 

24-26 >C30 n-Paraffins 

26-28 c24 to c3o n-Paraffins 

28-30 Czo to Czs n-Paraffins 

30-32 cl8 to c26 n-Paraffins 

32-34 C14 to C21 n-Paraffins 

34-36 clO to c1s n-Paraffins 

36-38 Cg to C13 n-Paraffins 

38-40 ca to en n-Paraffins 

40-42 c7 to Cg n-Paraffins 

42-44 Alkylnaphthalenes 

44-46 Alkylnaphthalenes 

46-48 Alkyl benzenes 

48-50 None determined 

(a) See Figure 1. 
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FIGURE 3. FRACTIONATION SCHEME 
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and by serial 220 nm UV, 254 nm UV, and fluorescence detectors when small 

samples are involved. All solvents will be replaced by dimethyl sulfoxide 

for the biological assays. 

The selection of fractions for further subfractionation will be 

based primarily upon biological activity but will also be based upon the 

relative amount of the fraction and the physical characteristics of the 

fraction. For example, a fraction which represents 1 percent of the whole 

oil would be chosen over a fraction which represents only 0.01 percent of 

the whole oil if the activity per gram were the same. A fraction of un- . 

known composition would be chosen over a fraction which is probably com

prised of known types of PHA hydrocarbons. 

Fractionation of Weathered Oil 

The weathered oil sample will be fractionated by the same scheme 

as used for fresh oil, however, fewer fractions will be screened for bio

logical activity. Fractions 1 to 4 from the initial silica gel fractionation 

of weathered oil would be expected to contain. the same types of components 

as those from fresh oil and would not be subfractionated and screened. If 

none of the high-molecular-weight fractions from the ~-StyragelTM fraction

ation of fresh oil are active, those fractions from weathered oil would not 

be screened. An emphasis will be placed on studying the lower-molecular 

weight polar fractions from weathered oil wtich are most apt to contain 

biologically-active petroleum-degradation products. 

Biological Studies 

Introduction 

.At present, the Marine Research Laboratory (MRL) of Battelle, 

Pacific-Northwest Laboratories, Squim, Washington, is conducting four 

projects on the fate and effects of oil in marine organisms and the marine 

environment. Funding for these programs come from ERDA, EPA, and NOAA/BLM. 

They have emphasized the use of long-term flowing systems for laboratory 

research and field experiments to better evaluate the impact of hydro-
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carbons in the natural environment. Studies range from single species 

laboratory tests to field analyses of populations and communities. They 

are examining the uptake of specific oil components from water and sed:iment, 

as well as their effects on organisms of the Pacific Northwest. This back

ground is noted to demonstrate an understanding of the best possible means 

of evaluating the impact of petroleum hydrocarbons on marine organisms and 

communities. This proposal involves only a small aspect of the problem, 

and our approach is restricted to some degree (at least in the early phases) 

by limitations on the volumes of hydrocarbon fractions. It is logical, 

however, to proceed from simple screening tests on numerous fractions to 

more comprehensive studies on the most significant hydrocarbons. 

Test Materials 

Battelle Northwest has on hand from other oil projects, a large 

supply (several barrels) of Prudhoe Bay Crude (PBC) oil, which can be 

shipped to Columbus. In addition, they will prepare a weathered PBCfor 

similar fractionation and later bioassay tests. The facilities are ideal 

for the preparation of weathered product·and all apparatus is presently 

available. They will use one or more (if necessary) 250 gal fiberglass 

.tanks to expose an oil layer (about ·6 em thick) to air and sun, while 

water is constantly flowing beneath the slick at 5-10 gal/min. Seawater 

will be constantly sprayed over the surface, and outflow water will exit 

by the bottom, with a pipe extending from this point· to the level of the 

surface and empyting into the waste treatment pond. The level will, therefore, 

be automatically maintained and the effluent readily detoxified in the 

system, as are other substances under investigation. Presumably, a·period 

of 1 month will. be adequate to realistically weather the oil, which will 

be drained into clean 5 gallon cans· for shipment to Columbus. 

Fractions prepared from these two different oils by methods 

described elsewhere, will then be transported by air to Squim for bioassay 

tests. 
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Organism Selection 

There are numerous factors to consider in selection of suitaLle test · 

species, but the nature of the· toxicity testing has a significant influence 

on this process. It is·planned that fractions will be continuously produced, 

and it will be necessary to rapidly utilize a large number of these in bio

logical tests. The most important fac.tors in species selection are, there

fore, year-round availability and/or laboratory holding capability. Life

cycles in the·_cold waters of the Pacific Northwent are generally quite long, 

and in many species there is only one generation per year (Dungeness crab, 

benthic amphipods, polychaetes, etc.). We have had considerable experience 

with the mysid, Neomysis. awatschensis and the ·benthic amphipod, Anonyx 

laticoxae. Both crustaceans have demonstrated high sensitivity to petroleum 

hydrocarbons, and we are aware of their availability, reproductive cycle, 

and requirements for laboratory maintenance. Amphipods are readily available 

from October through March, and the mys{ds are most easily collected during 

the remainder of the year. We have constantly maintained cultures of both 

species, such that field collections may be supplemented during periods of 

low availability. It will be possible to conduct tests on all fractions with 

at least one of these species from field collections, and adequate overlaps 

in toxicity data will be provided by careful selection of testing periods 

plus cultured organisms. To obtain additional comparative sensitivity data, 

we will subject other. adult or larval crustaceans to the fractions shown to 

be most toxic. The shrimp, Crago and Pandalus and larvae of the Dungeness 

crab (Cancer magister) will be tested. 

Experimentation 

The primary emphasis in this testing will· be to provide data on . 

the relative toxicities of a large number of fractions from both fresh and 

weathered PBC oil. It is, therefore, best to utilize well-known and 

accepted bioassay techniques as described in Standard Methods (APHA, 1971). 

Care will be taken to check pH, dissolved oxygen, and weight to volume 

ratios in these tests. Water temperature will be controlled by placing 

the test aquaria in large water tables receiving flowing seawater by ambient 
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. temperature •. Temperatures of our system range from approximately 8 to 13 C. 

and vary by less than one degree per month, thus, assuring quite constant 

conditions during any given test. While reduction in temperature would be 

difficult, a heat-exchanger (available) can be used to regulate all tests 

to the same temperature (13 C). Probably little would be gained by conduc

ting all tests at the same temperature, considering the relatively small 

natural range, and this procedure would require longer acclimation of organ

isms collected during the winter. The effects of this temperature alteration 

would probably be greater than any differences related 'to modification of 

toxicant effects by temperature. 

During the first year of testing, only relatively small quantities 

of hydrocarbon fractions will be available fpr toxicity tests. Static bio

assay systems must, therefore, be utilized to conduct the numerous screening 

experiments. While these conditions are not as acceptable as flow-through 

exposures, they have proven their worth in the past, particularly in regards 

to producing comparative data. It would, in fact, be a waste of time and 

effort to produce large volumes of fractions which may later be found to 

be harmless. 

Fractions will be supplied in the solvent dimethyl sulfoxide 

(DMSO), which has been shown to have very low toxicity (37,000-72,000 ppm) 

for a variety of fish (EPA, 1971). Ten or more organisms will be placed 

in 6 liter aquaria containing 2 liters of seawater, and the fractions will 

be added to provide concentrations of 10, 1, 0.5, 0.1, and 0 ppm. The 

control series will contain the maximum amount of DMSO used in the contami

nated aquaria. If the 96-hour LC50 value is found to be less than 1 ppm, 

a replicate bioassay utilizing additional low concentrations will be con

ducted. 

While 96-hour static bioassays are in progress, frequent obser

vation and recording of mortality will be supplemented with comments on 

gross behavioral abnormalities. The onset of adverse effects is often 

demonstrated by spiral swimming, hyper- or hypo-activity. In some cases, 

different specific hydrocarbons impact an organism ac variable rates and 

produce d~verse abnormalities. One may begin to correlate ·similar responses . . . 

with a given. class of hydrocarbons, and the effort in recording these obser-

vations. is·minimal. 
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· It will be necessary to use calculated or nominal concentrations 

in the preparation of test solutions, but in the event the findings are 

particularly interesting, or perhaps diff~cult- to explain, samples of the 

initial media will be taken.and preserved. Final (96-hour) samples will 

be treated in the same manner, such that volatility calculations can later 

be made on fractions found to be significantly .toxic. While space or time 

will not allow all tissue samples to be saved on termination of tests, 

living organisms from bioassays of significantly toxic fractions will be 

washed with distilled water, blotted and frozen for later analyses. ·In 

general terms, significantly toxic is defined as fractions'which produce 

50 percent or greater mortality at concentrations below 1 ppm. Of course, 

the lower the Lc50 concentration, the greater will be our concern for water 

and tissue sampling~ 

The general approaches desctibed above have proven to be very 

productive in early studies on the effects of four API reference oils 

(Anderson et al., 1974). Both·Dr. Anderson and Dr. Warner collaborated in 

these studies to evaluate the comparative toxicities of the 4 oils and the 

comparative sensitivities of 3 fish and 3 crustaceans. Analyses of tissue 

samples from these early bioassay experiments provided evidence that naph

thalenes were compounds accumulated to a high degree by all species. Follow

up studies using tissue accumulation as a clue showed that these compounds 

were very toxic to the marine organisms and were retained for a considerable 

period. 

This investigation will also emphasize the study of compounds found 

to accumulate in tissues, since they are probably o~ greater significance 

than.the numerous other compounds present ~n each fraction. One can not be 

expected to identify each and every hydrocarbon in even the most toxic frac

tions, ·but ti~sue analyses will provide a basis for comparisons between frac

tions and lead to tests with one or a few compounds. In later phases of the 

research, specific compounds or component classes implicated in bioassays 

can be used in long-term studies on growth and reproduction to determine 

threshold levels. While the extraction methods of this proposal differ 

from those in earlier hydrocarbon research, the biological.approaches follow 

the same logical step-by-step procedure used successfully in studies on 
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naphthalenes leading from acute toxicity to long-term uptake and release 

kinetics and effects on the growth and reproduction of several.marine 

species (reviewed in Anderson, 1977). 

Biological Screening 

In vitro biological screening tests will be used to reconfirm 

the activity of toxic fractions before the fractions are tested on marine 

organisms. Our in vitro testing procedures are as follows. 

Toxicity Screening 

The Battelle Columbus Laboratory, Biomedical Sciences Section, 

has developed a rapid in vitro mammalian cell toxicity assay (prescreen 

confluency assay --PSC) using BAlB/C 3T3 fibroblasts. This assay allows 

for the rapid determination of toxicity of large numbers of materials in 

wide ranges of concentrations with great reproducibility. The assay is 

based upon the ability of cells treated with selected materials or concen

tration of an unknown toxicant to form a confluent monolayer in a tissue 

culture vessel in a selected period of time as compared to the degree of 

confluency achieved by control or untreated cells. 

In·essence, the assay is conducted by seeding BALB/C 3Tc cells 

into multiwell Fal~on tissue culture plates (No. 3008). The plates have 

24 cells measuring 16 mm in diameter and 10 mm in depth. Subconfluent 

monolayers of cells are established in the plate by seeding 5 x 103 cells 

per well and allowing them to grow for 24 hours. At this time, the growth 

medium is removed and replaced with fresh growth media containing a desired 

known concentration of the toxicant or unknown fraction applied as a DMSO 

solution. Six of the wells or one ro~ are set aside as control wells and 

thus receive no toxicant in the replacement media. The duration of the 

treatment is 24 hours after which the toxicant is removed, the cells washed, 

refed with fresh media and re-incubated. When all monolayers in the control 
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wells reach 90-100 percent confluericy (appr.oximately 6 days), all of the 

wells in the plate are fixed with methanol and the cells stained with giemsa 

stain. The plates are then scored on a basis of percentage of surface area 

covered by the cell monolayer. ·The toxicity is expres.sed as a function of 

the concentration of the test material which would yield 50 percent con

fluency as compared to the untreated control wells. 

Each fraction to be screened will be assayed initially at the 

highest practical level. If it is inactive no further toxicity assays will 

be made. Active fractions will be rescreened at lower levels. Representative 

known petroleum toxicants, e.g. 2-methylnaphthalene, 2-methylphenanthrene, 

and 2,4-xylenol, will be screened concurrently for comparison. 

Bacterial Mutagenesis Assax 

It has recently been documented [McCann, Choi, Yamasaki, and Ames, 

Proc. Nat.. Acad. Sci., Hedical Sciences 72 5135 (1975)]-. that most marnrnaliart - . 

carcinogens act as bacterial mutagens. The potential mutagens contained 

within each of the fractions studied will be detected by means of a special 

set of five Salmonella strains (TA-1535, TA-1537, TA-1538, TA-98, and TA-100) 

obtained from Dr. Bruce Ames (Biochemistry Department, University of Cal

ifornia, Berkeley, California). The tester strains are histidine deficient 

and will be used for the purpose of detecting frameshift and base-pair 

substitution mutations as indicated by reyersion to prototrophy. These 

systems have been selected for their sensitivity and specificity to be re

verted back to the wild.type by particular mutagens. The known carcinogens, 

2-nitrosofluorene and benzo(a)pyrene-4,5-oxide, are highly active in this 

direct assay, 

The assay has also been adapted for use in detecting compounds 

which may be potential mutagens. These are compounds which are not in them

selves carcinogenic or mutagenic but are converted to active mutagens by 

marnmalian metabolism especially by the TPNA-dependent microsomal enzymes of 

the livet. Since these specific bacteria do not have the mammalian micro-
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somal enzyme system, mammalian liver homogenates are added ·to the system 

to activate the non-mutagenic parental compounds to possible mutagens. 

The activation system is derived from the rat liver. Benzo(a)pyrene, 

which is not active in the direct assay, is highly active in the microsome

activated assay. Compounds which are active in the direct assay are also 

active in the microsome-activated assay. 

The experimental procedure to be used for detecting mutagens 

from various fractions will ·be a plate incorporation assay. Each sample 

will be tested against each of the five tester strains .in the presence of 

the liver microsome activation system.· The test is conducted by incorpor

ating the bacterial tester strain, the liver microsome system, and a DMSO 

solution of the fraction being assayed into 2 ml of molten agar. The 

agar is then poured over the surface of a minimal agar medium and permitted 

to solidify. By .adding the fraction to. the agar while the agar is still 

molten, water-insoluble as well as water-soluble chemicals can be screened 

effectively. The plate is incubated for 48 hours and-observed. Mutagenicity 

is indicated by mutagen-induced revertants. These will be evenly distributed 

throughout the plate and are counted. The test is semiquantitative and can 

be used to prepare a.dose response curve. 

All fractions will be evaluated in all bacterial indicator systems 

in the presence of. the liver activating system. A preliminary assay will 

be conducted using 1, 10, and 100 ~1 of a 10% DMSO solution of each fraction 

if available. The results of the preliminary dose response will serve as a 

guide for any more detailed dose response determinations that may be needed. 

Controls will be included at all times consisting of a control for the spon

taneous reversion rate for each tester strain where the potential mutagen is 

· omitted, a sterility check of the potential mutagen and microsomal prep

aration, and positive controls consisting of know~ mutagens which do and 

do not require metabolic activation, e.g. benzo(a)pyrene and 2-nitrofluorene. 

For the assay-of subtractions, only the tester strain that was 

most responsive to the starting fraction need be used. 
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Characterization of Fractions 

The methods used to character:! ze the most active fractions will 

depend to·a large extent upon where they appear in the fractionation scheme. 

An indication of their molecule size, polarity, and solubility will be 

obtained from the various modes of fractionation. The detector responses 

will give some clues to their molecular structure. 

Infrared (IR) analysis will be used as a general technique for 

getting additional clues to functional groups. Fourier-transform infrared 

(FT~IR) analysis will be used for sub-milligram sized samples. Gas chrom

atography combined with mass spectrometry (GC-MS) analysis, with and with

out derivatization, will be used for fractions having relatively low 

molecular weight or low polarity. Nuclear magnetic resonance (NMR) spec

trometric analysis to determine the types of protons in .the fractions will 

be used whenever appropriate. FT-~m will be used for small samples. 

In most cases it is expected that the active- fractions will be 

comprised of various similar molecular species precluding single compound 

identification. Whenever practical, additional subfractionation will be 

carried out in an effort to identify the major individual components. 
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FUTURE RESEARCH 

It is hoped that this work will lead to a better understanding 

of the potentially hazardous compounds in petroleum. Therefore, future 

research will build on the present studies in that once certain fractions 

have been i.9entified as being toxic, both analytical and biological 

studies will be intensified on these fractions. 

Analytical studies will emphasize the identification of semi

polar and polar compounds present in these toxic fractions. High perfor

mance liquid chromatographic techniques will be used to isolate the toxic 

compounds, and FT-IR, FT-NMR and mass spec.trometry will be used for iden

tification. Biological studies will be designed to study the long term 
' 

effects of these selected fractions or individual compounds on both growth 

and reproduction of marine species. 

ORGANIZATION AND PROGRAM DIRECTION 

Battelle assumes corporate responsibility for all proJects 

undertaken for its sponsors. This philosophy of corporate responsibility 

has been a key factor in Battelle's ability to manage projects and to 

br:f,ng them to a successful conclusion to the satisfaction of·the sponsoring 

organization. Tha implementation of the program described in the proposal 

will require organized technical input as well as capable managerial skills. 

Battelle staff members regularly organize themselves into groups appropriate 

to the solution of a particular problem. There are no administrative 

barriers that prevent drawing upon the expertise necessary to bring this 

program to a successful conclusion. 

The proposed program will be conducted by Battelle C~lumbus' 

Organic, Analytical, and·Environmental Chemistry Section under Section 

Manager, Dr. Richard A. Nathan. Program organization is shown in Figure 4. 

Dr. J. S. Warner, Senior Researcher in the Organic, Analytical, 

and Environmental Chemistry Section, will serve as Principal Investigator • 

. lie will be responsible for plann:i;ng and technical direction of the program,· 

work scheduling arid coordination, and liaison and communication with the 
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Battelle Northwest 
Marine Res~arch Labs 

Squim, Washington 

Animal Studies 
J. Anderson 

Chemistry Department Biol 
A. H. Adelman, Manager 

- _, 

Organic, Analytical, and 
Environmental Chemistry 

R. A. Nathan, Manager 

Principal Investigator 
J. s. Warner 

HPLC Fractionation Characterization Studies -
A. P. Graffeo R. J. Jakobsen 

P. A. Clarke 
D.C.K. Lin 

ogi~al, Ecological, and Medical 
Sciences Department 

W. J. Clarke, Manager 

Biomedical Sciences Section 
A. D. Barker,- Manager 

Biological Screening 
W. L. Margard 

FIGURE 4. ORGANIZATION AND PROGRAM DIRECTION 



NOAA Project Officer. Dr. Warner has specialbed for the last e·ight years 

in the separation and identification of organic compounds using chromato

graphic and spectrometric techniques. He has had primary responsibility 

for numerous analytical programs including various programs involving the 

determination of trace petroleum components in marine samples. Through the 

latter programs, he has developed a national reputation and keen interest 

in advancing the state-of-the-art in evaluating the effects of petroleum 

components on the environment. 

Dr. A. P. Graffeo, Research Chemist in the Organic, Analytical, 

and Environmental Chemistry Section, will be responsible for the required 

high pressure liquid chromatography which is his .major area of expertise. 

Dr. Graffeo has been involved in developing HPLC methods for determining a 

wid~ variety of materials including aflatoxins; vitamins, analgesics, 

barbituates, sulfa drugs, amino.acids, drug metabolites, munitions wastes, 

and aromatic hydrocarbons. 

Mr. W. L. Margard, Staff Microbiologist in the Biomedical Sciences 

Section will be responsible for the biological screening required for the 

program. Mr. Wargard has worked with the various Salmoneila tester strains . 
during the past two years and has been successfully applying them for muta-

genesis testing. He was also implemental in developing the rapid m::~mmalian 

cell toxicity assay that will be used in the program. 

For the characterization studies, Dr. Warner will be assisted by 

Mr. R. J. Jakobsen (IR and FT-IR), Dr. P. A. Clarke (NMR and FT-NMR), and 

Dr. D.C.K. Lin (MS and GC-MS), all of whom have had extensive experience in 

their respective areas of expertise. 

The Biological Studies, which will be used extensively in this 

phase of the research, will be conducted by Dr. Jack Anderson at Battelle 

Northwest Marine Research Laboratory under a subcontract from Battelle 

Columbus Laboratories~ The extensive experience of Dr. Anderson, with 

such studies and previous collaboration with our group, make this an ideal 

research situation. 
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REPORTS AND MEETINGS 

The progress of the work will be reported~in bimonthly'letter 

reports and .a comprehensive final report. We also recommend that,a meeting 

with the Project Officer, be held at Battelle at least once during the pro-

gram. 

The letter report will. ·include a .brief summary and discussion of 

the work accomplished during the period, a discussion of plans for the 

coming two months, and a cost summary. Four copies of the report will be 

mailed to the Project Officer and one copy to the Contracting Officer on 

or before the 15th of the month following the report period. 

The final report will summarize all of the work performed under · 

the entire contract and give interpretations and conclusions supplemented 

by appropriate chromatograms, spectra, and tabulations of data. Also in

cluded will be a discussion pf how the results can benefit the Alaskan 

OCS prog~am and what additional studies. are ·recommended. Four copies of the 

final report will be mailed to the Project Officer and one copy to the 

Contracting Officer on or before the last day of the contract period. 
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I. TITLE: TRACE METAL BASELINE STUDIES AT THE ALEUTIAN, KODIAK AND 
ST. GEORGE BASIN OUTER CONTINENTAL SHELF (OCS) SITES 

RESEARCH UNIT NUMBER: 506 

CONTRACT NUMBER: 03-5-022-56 

PROPOSED DATES OF CONTRACT: October 1, 1977 to September 30, 1978 

II. PRINCIPAL INVESTIGATORS: David E. Robertson 
Keith H. Abel 

III. COST OF PROPOSAL (By Federal Fiscal Year) 

Total $28,000 

Distribution of Efforts by Lease Areas:· 

IV. BACKGROUND 

Cook Inlet 
Beaufort/Simpson Basin 

90% 
10% 

During the past two years We have been engaged in studies of the natural 
trace metal distributions in Alaskan OCS proposed lease areas. These studies 
were designed to provide accurate and precise baseline data for trace metals 
in seawater (soluble andparticulate phases), sediments and biota collected 
over rather vast expanses of the continental shelf of the Bering Sea, the 
Eastern GOA and the Western GOA. Such data are n·ecessary to characterize 
the natural levels and distributions of trace metals in the marine environ
ment prior to offshore exploration, drilling and oil extraction activities 
which could result in perturbation or contamination of the coastal marine 
environment. 

During the course of these studies we have identified significant 
regional variations in the distribution of trace metals in sediments and 
in the suspended phases. in seawater. This observed variability emphasizes 
the importance of understanding the natural processes which can create 
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fluctuations in the trace element distributions. Only after these natural 
variations are understood can we expect to detect any man-made perturbations 
of the system .. The first two years of the program have provided a broad
brush picture of the natural concentrations and distributions of trace 
metals in the Alaskan sHelf environment. During the upcoming interdisciplin
ary study in FY 1978 ·a more concentrated effort will be made to understand 
in much greater detail the baseline environmental parameters for both trace 
metals and hydrocarbons ·within the Cook Inlet area .. 

V. OBJECT! VES: 

The immediate objective of this study is to determine en vi ron menta 1 
baseline concentrations and distribution of selected trace metals and hydro
carbons in the Cook Inlet study areas and determine the presence or absence 
of perturbation caused by hydrocarbon development in Upper Cook Inlet. The 
trace metal phase of this program is being coordinated between ourselves, 
Or. R. Feely - PMEL (Ru 152) and Dr. D. Burrell - UAK (Ru 162). Below are 
listed the elements each investigator will determine in the various en
vironmental sample t~pes. 

PRINCIPAL INVESTIGATORS RESPONSIBLE FOR ANALYSIS OF VARIOUS METALS 
IN VARIOUS SAMPLE TYPES 

Fil t Settled 
Metal Sediment Biota Water Part Partie 

V· R R R R R 
Fe R,B F F 
Al F F 
Mn R,B R R F F 
Cr R R F F 
Cu B B. B F F 
Cd B B B B For B 
Hg B .B 
Pb B B F F 
Ni B B F F 
Zn B B F F 

B = Burrell 
F = Feely 
R = Robertson 

- = Not scjentifically significant or not technically feasible 
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A secondary objective is to participate in an intercalibration and 
quality control program with the other investigators (Burrell - Ru 162, 
Feely ~ Ru 152) using Cook Inlet sediment supplied from this year•s field 
efforts. The ultimate objective of these tasks is to provide BLM, NOAA, 
and other concerned groups with a high quality data base describing the 
material trace metal economy of offshore OCS lease areas. A reliable set 
of data such as this can then be used for evaluating any possible future 
perturbations of the marine environment from oil extraction activities. 

VI. GENERAL STRATEGY AND APPROACH 
Whereas the first two years of our participation in the Alaskan OCS 

program were designed to provide a broad overview of the trace metal con
centrations and distributions in the Alaskan offshore environment, we now 
recognize the need to conduct more detailed surveys at quite specific areas 
where oil exploration, drilling and extraction are~!low or \'{ill. likely oc
cur. Not only is it important to establish the local trace metal distri
butions and natural variations over rather small areas, but it is very im
portant to characterize .the processes which can control the trace metal 
economy or that can modify the trace metal distributions and behavior. 
Therefore, during FY 1978 we will be concentrating our efforts on much 
smaller, specific sites for establishing trace metal baseline parameters in 
seawater, sediments, and biota. Then during succeeding years we feel that 
it will be absolutely essential to perform rather extensive studies of ocean 
processes to characterize the temporal influences (i.e. river runoff, storms, 
primary productivity, current variations, etc.) and natural parameters 
which create or modify the existing trace metal distributions and behaviors. 

Within the Cook Inlet study areas a joint sampling grid will be con
structed in cooperation with Or.

1

0. Burrell- Ru 162 and Or .. R. Feely-
Ru 152. This grid will be the focus of seasonal sampling beginning Novem
ber 1977 and continuing to May and August 1978. · 

VII. SAMPLING METHODS 
Sampling programs for water, biota and sediments will be coordinated 

with the schedules and sampling grids of Or. D. Burrell and Or. R. Feely 
and with the ongoing physical and biological oceanographic studies in the 
Cook Inlet study area. 
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A. Water 
Seawater samples wil} be collected with all plastic GoFlo®Niskin 
sampling bottles and immediately filtered to separate the suspended 
matter for trace metal analysis. The filtered seawater is acidified 
to pH 1 .5 with high pur.i ty HCl and stored in carefully precl eaned 
polyethylene bottles. Seawater samples will be collected at standard 
physical oceanographic stations extending from the coasts to open 
ocean waters. 

B. Biota Sampling 
Several midwater and benthic 11 indicator 11 organisms will be collected 
in conjunction with ongoing biological programs. Major emphasis will 
be placed on obtaining commercially important nonmigratory species 
such as crab, flatfish and various macrozooplankton. Examination 
will also include intertidal biota--specifically fucus and mytilus. 
The samples will be immediately frozen and transported to our labora
tory for dissection and qnalyses. Both muscle and liver tissues will 
be analyzed when possible. Approximately 25 samples from each study 
area will be analyzed. 

C. · Sediments 
Continental shelf sediment cores will be collected when possible with 
a HAPS corer to obtain relatively undisturbed cores to a depth of 20 
em. The cores will be sectioned into 2-4 em segments, frozen and 
transported to the laboratory for analysis. In areas of sandy or 
coarse sediments, grab samples will be collected for analysis. 

VIII .. ANALYTICAL METHODS 

Water samples, biota and sediments will be analyzed for selected heavy 
metals primarfly by instrumental neutron activation analysis (see Appendix). 
When necessary, preconcentration and/or radiochemical separations will be 
performed to measure those elements needing further purification from the 
major matrix constituents. The instrumentation and capabilities at 
Battelle-Northwest for performing multielement tra.ce metals analysis of 
marine environmental samples are second to none and are in place and avail
able for immediate utilization. 
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Sediment and suspended particulates will be analyzed by a selected 
leaching method jointly worked out with Dr. D. Burrell and Dr. R. Feely. 

IX. ANTICIPATED PROBLEMS 

The data submission schedule attached anticipates collection and com
pletion of field sampling· throughout the fiscal year. This schedule is 
dependent upon availability of NOAA vessels during the time periods which 
are uncertain at the present time. 

X. DELIVERABLE PRODUCTS 

During the 12-month study period we expect to continue to provide a 

large data base describing the concentrations and distributions of heavy 
. . . 

metals in the.Alaskan coastal marine environment, iri dissolved and sus-
pended seawater constituents, in selected 11 indi cator 11 biota and in who 1 e 
sediments. This information will provide important baseline data from 

which to evaluate potential environmental impacts from offshore petroleum 
recovery operations~ Data wi 11 be submitted on magnetic tape in OCSEAP 
format 061 and will be report~d in quarterly ·documents to the sponsor. 

A. Digital Data 

Parameters which will be collected and submitted are listed below: 
File Type 061 - Trace Elements 

Common to all records 
Fi 1 e type 
.Fi 1 e i denti fi er 
Record type 
Station· number·· 

. Record· Type 11 111 
- Station Header 

Sample date/time 
Latitude/longitude 
Bottom depth 
Sequence number 

Record Type "3 11 
- Data Rec.ord 

Sphere · 
Material analyzed 
Taxonomic code 
Depth of sample 
Weight 
Method of analysis 
Fi 1 ter 
Element 
Concentration 
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Unit code 
Detection code 
Limit concentration 
Sample composition 
Sequence number 

Record Type 11 411 
- Text Record 

Text 
Sequence number 

B. Narrative Reports 
At this time it is anticipated that a journal article describing 
vanadium distribution in the Alaskan $helf waters, sediments and 

' . . 

biota will be produced and one other scientific report ·describing· 
the elemental composition of Alaskan shelf sediments. 

C. Visual Data 
None other than that included in reports. 

D. Other Nondigital Data 

None. 

E. Data Submission Schedule 

See attached data products schedule. 

XI. INFORMATION REQUIRED FROM OTHER INVESTIGATORS 

Other than the routine data required during shipboard sampling, the 

major data exchange w.i 11 involve sampling information and i dentifi cation 
of '!Iarine organisms collected by the biological oceanographers. Contact 
will be made wfth NOAA personnel and the biologists involved in sampling 

these areas to coordinate the sampling program and assure that biological 
samples will be available for trace metal analyses. Other important data 
exchanges will involve the work being'done at the University of Alaska 
under the direction of David Burrell and at NOAA-PMEL under'Richard 

Feely. Contacts with these individuals have already been initiated. 
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Data Products· Schedule 

Data Type Media Estimated Processing and 
(ie; Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection· 
nen~hic Organisms, ing sheets, (Volume of Format by \PI Per-iod Submission 
etc.) tapes, disks) processed data) (If known) (Yes or No) (Month/Year to ~1onth/Year) (Month/Year) 

Intertidal Tape 20 samples 061 Yes 0 ctober 77 - September 78 June 78, 
organisms Oct 78:. Dec ?a 

Benthic Tape 10 samples 061 Yes August 78 
organisms 

Sediments Tape 30 samples 061 Yes february 78 

Suspended 
particulate Tape 30 samples 061 Yes April 78 

Soluble.species Tape 30 samples 061 Yes September 78 

,1::-
\0 
...... 



XII. QUALITY ASSURANCE PLANS 

Battelle-Northwest has its own internal quality assurance program 

. which requires continual calibration of instrumentation and procedures. 
In addition, we have,,and will be participating in int.erlaboratory inter

comparisons of major and trace element concentrations :.in sediments with 

other investigators in this program and continually analyze ·National 

Bureau of Standards SRM's or USGS standard rocks to insure quality of the 

data produced. 

XIII. SPECIAL SAMPLE AND·VOUCHER SPECIMEN ARCHIVAL PLAN 

Samples obtained during this study will be archived at Battelle-. 

Northwest in Richland, Washington. Sediment and biota samples wi:ll be 

stored frozen except for small subsamples utilized for analysis.· We 

presently have .numerous other samples stored from previous resea.rch pro

grams and· the cost for these few additional samples will be negl~,gible. 

Acidified seawater samples will be stored in the same fadl{ty that 

presently houses our GEOSECS archive·samples and again cost will be negli- · 
' . 

gible. These samples will be retained throughout our research program 

with OCSEAP for future reference. 

XIV. LOGISTIC REQUIREMENTS 

The areas of sampling during the field efforts of the' Cook Inlet 

study will be determined by discussion with other investigators,, scientists 

at BLM and NOAA, and potential leasors. It is .presently anticipated that 

sampling will be conducted seasonally beginning in Novemb~r 1977 ~m·c;l in 
. . " ; , . I . . . , 

May and August, 1978. Sampling tonducted·.will include water·sampling pt 

near surface and near bottom depths using the ship's rosette and sampling 
bottles, preferably GoFloQ)Niskin bottles, and coring of 'surficial sedi.

ments .using a HAPS corer. Where coring is not possible, samples will be · 

obtained by bottom dredge. 

XV. MANAGEMENT PLAN 

Planned personnel who will be active in the program effor~'and their. 

proposed time commitments are listed· below: 
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1 

1 

LOGISTICS REQUIREMENTS 

For OCSEAP use only. 
RU #-;--;;-;--------
Disci p 1 i ne_--;-;------
Area of Operation ___ _ 

Please fill in all spaces or indicate not applicable (N/A). Use additional sheets as 
necessary. Budget line items concerning logistics should be keyed to the relevant item 
described on these forms. 

INSTITUTION Battelle-Northwest PRINCIPAL INVESTIGATOR D. E. Robertson 

SHIP SUPPORT 
l. Delineate proposed tracks and/or sampling grids, by leg, on a chart of the area. 

Include a list of proposed station geographic positions. Tracks in conjunction with 
those of Dr. Burrell and Dr. Feely 

2. Describe types of observations to be made on tracks and/or at each grid station. 
Include a description of shipboard sampling operations.· 
prehensive as ·possible. · 

Be as specific and com-

A. Water sampling at surface and near bottom 
B. Sediment sampling using ~APS corer 

3. What is the optimum time chronology of observations on a leg and seasonal basis and 
what is the maximum allowable departure from these optimum times? (Key to chart 
prepared under Item l when necessary for clarification.) 
Nov., 1977; May 1, 1978;_ August 15, 1978 

4. How many sea days are required fo.r each leg? (Assume vessel cruis.ing 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.) 
Leg #l - 8 days; Le~ #2.- 8 days; Leg #3- 8 day~ 

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

Approximately how many vessel hours per day will be required for your observations 
and must these hours be during daylight? Include an estimate of sampling-time on 
station and sample processing time between stations. · · 
Estimate 1 hour station time with sample processing completed during steaming time to 
next station. 

6. ~Jhat equipment and personnel would you expect the ship to provide? 
Laboratory space and rosette with sampling bottles 

7. What is the approximate weight and volume of equ1pment you will bring? 1500# 

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

9. Will you require any gasses and/or chemicals? Yes If yes, they s.hould be on 
board. ·the· ship prior to departure .. from Seattle or t1 me all o~1ed for shipment by 
barge. Two N2 cylinders on board prior to departure from Seattle.· 

o. Do you have a ship preference, either NOAA.or non-.NQAA? If "yes 11 please name the 
Vessell and give the reason for so specifying. No 

T. If you recommend the use of a non-NOAA vessel, what is .the per sea day charter 
cost and have you verified its availability? · · ·· · ·· 

2. How many people must you have on bqard for each leg? Include a list of participants, 
specifically identifying any who are foreign nationals. 

K. H. Abel .or D. A. Cochran 
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D. E. Robertson, Principal Investigator 0.5 months 
Senior Research Scientist 

K. H. Abel, Research Scientist . 1. 2 rronths 

D. A. Cochran, Chemical Technician 1.0 months 

E. F. Briggs, Chemical Technician 1. 0 months 

XVI. OUTLOOK 

Baseline research will be necessary in other lease areas not examined 
to date, even if completion of the baseline research outlined in this docu
ment for the Cook Inlet areas is reached on. schedule. We would anticipate 
funding levels and periods of effort scaled to the size of these other 
leasing areas. 

! 
However, even before completion of this baseline research other areas 

need investigation. Below we have listed some potential trace element 
concerns which need evaluation. 

A. Field Study Around Platform Site(s) to Examine Impact Upon Local 
Trace Element Chemistry 
A long-term study should be initiated at one or two specific sites 
to examine the effect drilling platforms have on local trace element 
chemistry. This would entail establishing more detailed, pre
drilling baseline data for major and trace elements in seawater, sus
pended particulates, sediments and biota. This· should involve sampl
ing in the vicinity of proposed platforms on a seasonal basis to 
establish natural fluctuations .of trace element 1 evel s and di stribu
tions. These studies should proceed through the platform construc
tion, drilling and post-drilling phases to determine the possible 
impact of the platform s.tructure and operations during its use. 
Specific size ranges of sediments and two or.three indicator organisms 
would be used for the analyses. 

B. Detailed Examination of Suspended Particulate Matter 
It might be anticipated that perturbations of trace element chemistry 
in suspended particulates in the water column might be more significant 
during OCS development than those produced in either sedimentary or 
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"soluble trace element concentrations. Factors of importance waul d 
be not only the increased levels of suspended sediments from develop
ment activities, but also introduction of particulates with different 
chemistries from drilling muds~ corrosion of platforms or other 
metallic materials, and, finally, coating of suspended particles with 
hydrocarbons released inadvertently. 

Studies should'be initiated to measure the flux of particulate 
matter from surface \'laters to the seafloor and resuspension of 
sediments in bottom waters. This could be accomplished by using 
particle traps to catch sinking particulates. These traps could be 
suspended at several depths at upcurrent and downcurrent locations 
relative. to drilling platforms. The collected particulates would be 
analyzed on a seasonal basis for total suspended particulate levels, 
total elemental lev.els, organic carbon content, and the forms in 
which the elements are present (e.g. organically or mineralogically 
bound) . 

Large volume seawater filtrati6n would also be conducted on a 
seasonal basis to collect suspended particulate material for the 
above analyses. 

C. Studies Of The Interattions Of Suspended Particulate Matter And 
Sediments With Crude Oil 

The physicochemical processes that occur when suspended particles 
and sediments come in contact with crude oil should be characterized 
to help evaluate the fate of spilled oil in the Alaskan marine 
environment. Freshly co11 ecteq particulate matter and sediments 
would· be contacted with various levels of .seawater-crude oil mixtures 
to determine adsorption capacities and mechanisms, release rates from 

·the particles, and physicochemical changes in the crude oil and par
ticles that occur after attachment to the particles. 

D. Forms And Speciation Of Trace Elements 

The chemical form(s) of toxic trace elements are known to significantly 
affect toxicity and biological interactions or availability in aquatic 

,o 

systems. However, very little is known .concerning chemical forms of 
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trace elements in sea\'Jater. If the impact of potential tr,ace element 

pollution from OCS 'development is.to be evaluated~ it is necessary 

to unders·tan'd -the speciation naturally present in seawater and that 

of the 'introduced trace elements. Only ·then can the significan'ce of 

the elements and forms ·which ·are being -introduced by dev,elopment be 
evaluated. 

. -

XVII. MANAGEMENT DATA 

1 . Updated Activi ty/Mi 1 es tone/Dc{ta Management Charts wil i 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 wi 11 be preserved, 1 a belled, 
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 o'ption 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 sati.sfactory 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 c'ruise 
or 3 month data collection period, unless a written waiver has been 
received from the Project Office. This does not apply to report 
requirements. · · · · 

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 OCS.EAP funds remains with the 
U. s: Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific material developed under OCSEAP 

.funds will be submitted to the appropriate Project Office at least 
sixty (60) days prior to release for information and for forwarding 
to BLM. The release of such material within a period of less than
sixty (60) days shall be made only with prior written consent of the 
Project Office. News releases \'Jill first be. cleared with the appropri-
ate Project Office. / · 
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10. -All publications a~d presentations of materi.al developed under OCSEAP 
funds wi 11 acknowledge BLM/OCSEAP sponsorship. The followi'ng 
acknowledgment is' standard.· . . . 

11 This study was supported by the Bureau of Land 
. Management through ;:nteragency agreement w·ith the. 
National Oceanic and Atmospheric. Administration, 
under which a multi-year program responding to 
needs of petroleum development of the Alasl<an 
_c:ontinental shelf is man.aged_.by_the Outer_ 
.Continental Shelf Envi rohmental Assessment 
Program· (OCSEAP) Office. 11 

· 
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MILESTONE CHART 
RU II 506 . PI Robertson/ Abel 
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Major Mi 1 estones: Reporting, data management and other si gni fi cant 
contractual requirements; periods of field work; w~rkshops; etc. 
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APPENDIX 

ANALYTICAL .TECHNOLOGY 
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ANALYTICAL TECHNOLOGY 

The analytical technology for performing all of the proposed 

measurements in this study is well developed and in place for 

immediate employment. Instrumental neutron activation analysis 

(INAA) will be used for measuring the majority of the elements. 

Details of the INAA techniques used at our laboratory have been 

recently published in the following document: 

D. E. Robertson and R. Carpenter, "Neutron Activation 
Techniques for the Measurement of Trace Metals in 
Environmental Samples," NAS-NS-3114, National Academy 
of Sciences, National Research Council, USAEC Technical 
Information Center, Oak Ridge, Tennessee, Jan., 1974. 

This document contains detailed descriptions of the INAA 

methods used at our laboratory for trace metal measurements in 

fresh and saline waters, biological materials, sediments and 

soils, and atmospheric aerosols. It would be redundant to 

repeat these details here; however, a summary of the methodology 

used in these analyses is provided. 

NATURAL WATER ANALYSIS 

Because of short-lived interferences from Na, Cl and Br 

neutron activation products, the INAA of natural waters is 

generally restricted to those trace elements which possess 

relatively long-lived neutron activation.products. However, 

by employing the simple, rapid separation procedures outlined 

in the above reference, all of the trace metals of interest 

can be readily measured in ~atu!al waters by neutron activation 

analysis. Table 1 illustrates the detection limits for the 

measurement of various trace elements in nonsaline waters by 

NAA. Tables 2 and 3 illustrate the detection limits for measur

ing various trace elements in saline waters of high salt content. 

Notable exceptions are Pb and Cd which are rather insensitive to 

neutron activation analysis. We have developed extremely sensi

tive atomic absorption spectrophotometric {AAS) techniqyes for 
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Element 

Ag* 
As 
Ba 
Br* 
Cd 
Cl* 
Co* 
Cr* 
Cs* 
cu 
Fe* 
Hg 

. K* 
·Mn* 
Na* 
Rb* 
S:Q* 
Sc* 
Se* 
Zn* 

TABLE 1 

APPROXIMATE LIMITS OF DETECTION OF VARIOUS TRACE METALS 
IN RIVER WATER BY NEUTRON ACTIVATION AND GROUP SEPARATlONS 

Approx. Estimate of Detection Limits by NAA Allowable 
Cone. in River Waters After Group Separation Limits 

( ug/ R.) ( ug/ R.) (lJg/t) 

0.3 0.01 50 
2 0.1 50 

10 5 1000 
20 0.01 

50 10 
7800 100 

0 .. 2 0.01 
50(Cr+ 6 ) 1 0.1 

0.02 0.01 
7 0.1 1000 

10 300 
0.07 0.1 ( 10) 

2300 10 
7 0.01 50 

6300 10 
1 O.L 
0.3 0.01 
o. oo·4 0.001 
0.2 0.1 10 

20 1 5000 

*Elements nor.ma1ly detected and measured by INAA 
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TABLE 2 

ESTIMATED DETECTION LIMITS FOR.INSTRUMENTAL NEUTRON 
ACTIVATION ANALYSIS OF SALINE WATERS 

Element 
Typical Seawater 

Concentration Cvs/1}** Detection Limit (ug/l) 

Sr 

Rb 

Fe 

Zn 

u 

Cs 

Sb 

Hg 

Co 

Sc 

8000 

120 

l-20(5) 

o. 5-10 {3) 

3.3 

0. 3 . 

0.2 

0.01-0.3(? ) 

0.001-0.1 (0.03) 

1-20 x.10..: 4 

100 

5 

1 

0.2 

0.1 

0.003 

0.005 

o.os 
0.001 

1 X 10- 4 

13 2 . 
• 25 ml seawater; 24-hour irradiation at 10 n/cm /sec; 

40 days decay; 1000 minute count on 20 cc Ge(Li) diode 
detector. 

** Estimated average concentrations in parentheses. 
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Trace 
Element 

Hg 

Cd 

Ag 

As 

cu 

\..n Cr 
0 
1.0 

Zn 

Sn 

.Se 

Sb 

TABLE j 

ESTIMATED MINIMUM·DETECTABLE CONCENTRATIONS OF HEAVY METALS 
IN SALINE. WATERS BY INAA AND BY.NAAWITH SEPARATIONS 

Typical ~~ported 
Concentrations . Seawater 1n 

(Micrograms/Liter) INAA* NAA with Separations*• 

0.02-0.2 0.05 0.001 

0.06-0.7 16,000 0.001 

. o·.oo2-o.os 1.0 0.003 

2-3 Not Possible 0.0001 

0.5-2 Not Possible . 0. 002 

0.02-0.6 0.3 0.003 

0.5-10 0.2 0.01 

0.02 Not Possible 9 

0.08 0.2 0.02 

0.2 0.02 0.00003 

* 25 ml seawater; 24 hour irradiation at 1013 n/cm2/sec; 40 days decay: 1000 minute 
count on 20 cc Ge (Li) diode detector; based on 3a above Bkg-Comp.ton contribution 
in peak areas. 

**500 ml seawater: elements chemically separated; 24 hour irradiation at 10
13 

n/cm
2
/sec 

3 days decay; 500 minute count on a 20 cc Ge(Li) diode detector~ based on twice Bkg 
contribution in peak areas. 



measuring Hg, Pb and Cd in natural waters. Th.e Hg procedure 

involves a modified cold vapor AAS technique which can detect 

0.001 ~g/1 Hg in only 100 ml of fresh or saline water. The Pb 

and Cd procedures involve a solvent extraction separation from 

100 ml of water, followed by heated graphite atomization--AAS 
detection. 

BIOLOGICAL MATERIALS 

INAA is particularly applicable for the measurement of trace 

metals in biological materials. Approximately 18 trace elements 

can be measured in most biological materials by INAA, including 

the heavy metals Hg, Ag, As, Sb, Zn and Se (see TAble 4). 

Cadmium and Cr are present in many biological materials at con

centrations just under their INAA detection limits, but can be 

measured in some specimens when their concentrations exceed 

about· 1 and 0.1 ~g/gm dry weight, respectively. When required, .. 
the separation procedures outlined in the above document can be 

easily employed for the measurement of Cd, Cr and Cu. Lead will 

be measured by atomic absorption spectrophotometry. 

SEDIMENTS AND SOILS 

Of the various analytical '.~ethods available for the deter

mination of elemental concentrations in geological materials, 

neutron activation analysis is one of the most sensitive, 

selective and reliable~ INAA, utilizing high resolution Ge(Li) 

detectors, permits the nondestructive measurement of 25 to 30 

elemental· constituents in geological materials, including marine 

and freshwater sediments (see Table 5). Frequently, however, 

separations are necessary to permit the measurement of Hg, Cd, 

Se and Zn. These separation techniques are discussed in the 

above reference. Lead will be measured by atomic absorption 

spectrophotometry. 
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TABLE ~ 

ESTIMATED DETECTION LIMIT~ OF INSTRUt-1ENTAL 
NEUTRON ACTIVATION ANALYSIS OF BIOLOGICAL 

MATERIAL (ug/g DRY TISSUE) 

TYPICAL CONCENTRATION 
ELEf.i1.ENT IN BIOLOGICAL TISSUE DETECTION LIMIT,* 

Na 

K 

Rb 

Cs 

.Fe 

Zn 

Br 

As 

Cd 

Ag 

C·o 

Cr 

Hg 

Se 

Sb 

Sc 

500-1500 0.05 

1000-30,000 20 

a. s-a 1 ... 
0.02-0.4 0. 0.001 1 

l-5f)O 2 

10-200 0.5 

10-200· 0.05 

<1-50 0.3 

<0.1-10 1 

<0.001-5 0.001+ 

0.001-0.5 0.001 t 

<0.02-1 0.02 

0.05-5 0.02 

0.5-50 0.05 
..:. 

0.0001-0.05 0.0001' 
.:. 

0.00001-0.002 o.oooo5· 

* 300 mg of freeze-dried tissue; integral thermal neutron 
exposure.of 3 x 10 17 njcm2; 20 min .. and 1000 min. counts 
after decay periods of 3 to 5 days and 20 to 30 days, 
respectively; 20 to 40 cc Ge(Li) diode detection, except 
where specified. 

+ Detection limits obtained by dual, coincidence Nai{Tl) 
spectrometry. Detection limits obtained by Ge{Li) 
spectrometry for these five elements are approximately 
5- to 10-fold higher. · 
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TABLE 5 

ESTIMATED DETECTION LIMITS FOR THE INAA OF TRACE ELEMENTS 
IN SEDI11ENTS AND SOILS 

Typical Concentration Ranges I~AA 
Element in Seqirnents ( llg/qm) Sens i ti ·.·i ty 

( ug/gm) 

Ag 0.01-0.5 
Al 10,000-90,000 
As 2-20 
Ba 60-8100 
Ce 40-70 
Cd 1 
Co 1-200 
Cr 10-200 
Cs 0. 3-15 
Cu 10-700 
Dy 0.2 
Eu 0.2-10 
Fe 20,000-60,000 
Hf 0.1-18 
Hg 0. 05-3 
K 3000-30,000 
La 2-60 
Lu 0.2 
Hn 100-10,000 
Na 2000-40,000 
Pb 10-200 
Rb 1-100 
Sb 0.5-15 
Sc 0.2-30 
Se 0.1-1 
Srn 0.5-30 
Sn 0.5-15 
Sr 200-2000 
Ta 0.03-3 
Tb 0.1-7 
Th 0.3-10 
v 10-500 
Yb 1 
Zn 5-4000 
Zr 100-400 

* 100 to 800 mg of dried sediment; samples irradiated at · 
optimum intervals ranging from 1 minute to 6 hours in a 
flux of 10 11 to 10 13 n/cm2/sec and counted at optimum 
intervals after the irradiation for 1 minute to 200 
minutes; Ge(Li) diode detectors, 20 cc to 60 cc volumes. 

** Determined by counting on a coincidence-anticoincidence 
shielded Ge(Li) ganuna-ray spectrometer {Cooper and 
Perkins, 1972). 

.?12 

0.1 
10 
1 
100 
5 
10 
0.1 
0.8 
0.2 
1 
0.1 
0.05 
2.00 
0. 1 
0.5 
5000 
2 
0.1 
io 
100 

1** 
0.1 
0.02 
2 
0.3 
500 
lOO** 
0.01 
0.1 
0.08 
1"0 
0.3 
5** 
70 

l 
1 
j 
I 
I 
I 

l· 
I 
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Technical Proposal 

I. Title: Seasonal Composition and Food Web Relationships of Marine Organisms 
in the Nearshore Waters of Lower Cook Inlet - Including Fishes 
and Benthic Epifa~na 

Research Unit Number: 512 
Contract Number: 03-5-022-69 
Proposed Dates of Contract: O~tober 1, 1977 - September 30, 1978 

II. Principal Investigators: 
James E. Blackburn 
Peter B. Jackson 

III. Cost of Proposal: 

C. Total: $165,000 
D. Distribution of Effort by Lease Area: Lower Cook Inlet - 100% 

IV. Background: 
The body of available information on various species of marine 
organisms, especially commercially important finfish and shellfish 
species, in lower Cook Inlet is considerable. Th~ majority of 
these studies have been conducted by the Alaska Department of Fish 
and Game (ADF&G) and the National Marine Fisheries Service (NMFS) . 
in the course of ongoing fisheries management and stock assessment 
programs. While these studies have, by necessity, been species 
specific in nature, the ADF&G Division of Habitat Protection as well 
as the OCSEAP in FY 75 began a series of studies designed to in
vestigate and classify the biological sensitivities of lower Cook 
Inlet. These studies addressed classification of species assemblages, 
their spatial and temporal distribution, and how these parameters 
were influenced by changing physical and environmental factors. 
These initial studies, while yielding some essential baseline data 
on marine species assemblages, were not of sufficient intensity or 
scope to yield data on the more critical indicators of biological 
sensitivity - those concerning trophic relationships and other bio-· 
logical interdependancies among and between these marine communities. 
The imminent development or oil and gas.resources in lower Cook Inlet 
dictate that studies designed to determine these relationships be . 
conducted immediately j.n order that the full extent of their potential 
impact can be more fully realized. 

The study proposed here is only one of six, each designed to study 
specific portions of this question. The ultimate outcome of this 
intergrated effort will be an investigation of sufficient intensity 
and scope·so as to document and quantify the biological sensitivity 
of t.he study area and permit more in-depth evaluation of potential 
impact from oil and gas development in this area .. 
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V. Objectives: 
The objectives of this study are designed to develop an under
standing of seasonal changes in composition and feeding habits of 
dominant marine organisms. ·Specifically, these objectives are: 

1. Determine feeding habits of principal life stages of 
dominant marine organisms and provide an initial description 
of the food web. 

2. Describe the temporal dynamics of marine organisms at 
specific sites. 

3. Evaluate the timing and use of specific areas by critical 
life stages of marine organisms. 

VI. General Strategy and Approach: 
Two areas in lower Cook Inlet have been identified which will be 
studied intensively. These are the Jakalof Bay - Tutka Bay area 
of Kachemak Bay and the northern portion of Kamishak Bay. Greater 
effort will be expended in the Kamishak Bay area. 

In each area several devices and survey techniques will be employed 
to·study the pelagic and nearshore demersal communities. Effort 
will be seasonally stratified to investigate each component of the 
marine community during the time each is most active, while simul
taneously maintaining attention upon all components. Periodic 
samplfng in locations peripheral to the main study areas will 
provide comparative data. 

Specific sampling sites and schedules will be worked out when 
information is available on the field facHities. Frequencies and 
locations will be chosen to adequately delineate the compositional 
and distributional changes in the nearshore finfish communities. 

VII. Samplin~ Methods: 
The sampling tools that will be employed include hand purse seine, 
beach seine, gill net, trammel net, and bottom trawl. The specific 
bottom trawl utilized will be chosen to fit the use and sampling 
platform. In addition, SCUBA surveys will most likely be conducted 
and the use of underwater television will be evaluated. 

Two areas will be sampled: the Tutka Bay - Jakalof Bay area of 
Kachemak Bay and northern Kamishak Bay. Effort wi11 be most intense 
in Kami shak Bay. 

The choice of study areas is based on evidence that these two areas 
are biologically very active. The decision to place most effort in 
Kamishak Bay is based on the generally lower level of knowledge 
than is available for Kachemak Bay and the known surface drift to 
the west, and hence, vulnerability of Kamishak Bay to oil impacts. 
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Sampling will be most intense during the prime periods of 
biological activity. Sampling will be conducted continuously 
from October through December, and repeated on a regularly 
scheduled basis from April through late sul11ller (August or 
September). 

The planned October through December 1977 sampling in Kamishak 
Bay is absolutely contingent upon the presence of suitable OCSEAP 
supplied field facilities. Without them, sampling would necessarily 
be limited to the Kachemak Bay area. If the field facilities are 
not in place by early April, the sampling plan for summer work will 
necessarily be completely revised. 

VIII. · Analytical Methods: 
Analysis of samples will include identification to species when 
possible and by life history stage .for selected species. All taxa 
caught wi 11 be enumerated and weighed. Stomach samp 1 es, 1 ength 
frequencies and structures for age determination will be taken from 
selected taxa. Seasonal analysis of maturity state will be conducted 
for selected taxa. 

Data will be interpreted by comparing these data amdng sites 
sampled, between surveys, with previous work and by intercoinparison 
of resO~ts with investigators of other ongoing OCSEAP studies in 
the study area. 

IX. Problems: 
1. The NODC format does not accomodate all the information requested 

of the investigator by OCSEAP. At this time we anticipate that 
we need approval for use of the following changes and additions 
to File Type 23: 

Suggested Record Identification Attributes Format Suggested 
· Column Type Codes 

60 4 Life history stage 11 X 1 egg 
2 larvae 
3 juvenile 
4 adult 

61-64 4 Subsample % 14.1 xxx.x N/A 
33 5,6 Sex 11 X add code 

undetermined = 
43-44 .5 Size of 1 ength 12 XX N/A 

class in mm 
52-57 6 Small fish weight 15.1 xxxx.x N/A 

in grams 
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Technical Proposal June, 1977 

In addition, in Record Type 1, Time Fished in hours to nearest 
tenth (columns 56-58, XX.X) is not useful to us. There is no 
place to add time fished in minutes in Record Type L We need 
time fished in minutes. Can this be arraQged?': 

We need to know what flexibility exists in the data format. 
It is likely that we will need to add new parameters to existing 
record types. If we knew the flexibility allowed the in
vestigator, our work would be greaUy facilitated. 

2. There is an apparent conflict between the req·uested objectives 
of this project and that of Howard Feder's (R.U. 5). Both 
projects are requested to determine food habits of fishes. 
Hopefully, the P.I.'s will be able to determine an acceptable 
division of the effort. 

3. Weather may preclude completion of planned work at any time 
during the study, however, during the summer months this .shou 1 d 
be minimal. During October through December, and perhaps in 
April, .there may be .few workable hours. · 

4. Timely submission of quarterly reports with significant data 
content due July 1 and October 1 will be difficult due to 
intensive field activities. 

5; The execution of the project as currently planned depends upon 
the timely placement of ,field facilities. The details of the 
equipment planned to be located at the field location determine 
how sampling plans develop. We need to know what will be at the 
field location and where it will be before we can plan the details 
of the study. 

6. Timely receipt of OCSEAP funding upon submission of this proposal. 
Receipt of funding by no later than August 1 is essential for 
State administrative approval to expend funds, for purchasing 
of supplies and for hiring of personnel. 

7. As field work is planned through the end of the contract period, 
additional funding of project extension must be insured be
ginning October 1, 1978 in order that a comprehensive report of 
the first year's studies can be prepared. 

B. The details of sampling in the Jakalof Bay - 1utka Bay area of 
Kachemak Bay .have not been worked out to our satisfaction. What
ever the plan, it will require periodic interruption of the main 
effort in Kamishak Bay as funds are insufficient to hire separate 
crews for each area. The result will be fairly intensive 
sampling in Kamishak Bay with interruptions of data continuity 
and monthly samples in the Kachemak Bay area. The anticipated 
results 7 ir'l Kachemak Baydo not appear to be as intensive as were 
obtained during FY 76, however, more gear types will be employed. 
In addition, duplicate sampling platforms and gear must be 
obtained for each area. The crew will be shuffled back and forth 
periodically, each time 11 mothballing11 the operation that is · 
being left and dusting off the one being begun. Chance for 
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Data Type 
·(ie. Intertidal, 
Benthic Organisms, 
etc.) 

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

pplagic and Demersal Disketts 
rshore Finfish 

II ·II 

II II 

U1 
1-' 
00 

.Data Products Schedule 

Estimated 
Volume 
(Volume of 
processed data) 

1500-105 byte 
ADP Listings 

5000-105 byte 
ADP Listings 

II 

OCSEAP 
Format 
(If known) 

Process;ng and 
Formating done 
by PI 
(Yes or. No) 

· Fi 1 e Type 23 Yes 

II II 

II II 

Collect;on 
Period Subm;ss;on 

(Month/Year to Month/Year) (Month/Year) 

10/77 thru 12/77 3/78 

4/78 thru 6/78 9/78 

7/78 thru 9/78 12/78 
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vandelism and storm damage or loss seems increased and there 
will be a fair amount of time lost in shifting between areas. 

Perhaps the work in Kachemak Bay should be eliminated. It is 
possible that when details of the logistical support are known 
to us that more flexibility will be possible. 

9. 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 satisfy 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 contribute to these 
special needs, however, it is espe.cially difficult to plan for 
them~ Consequently, our schedule for completion of contracted 
work is always being cielayed. 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. · 

X. Deliverable Products: 
A. Digital Data 

1. Attached (Table 1) is a listing of the.File Type 23 
(Fish Resource) Format Parameters to be submitted with 
e'xpected ranges for each. 

2. List of digital products - see Data Products Schedule, 
attached. · 

B: Narrative Reports 
Other than required quarterly and annual reports, preparation 
of additional 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 
the event special reports of this nature are required, how
ever,· it would be appreciated if lead time of at least six 
weeks is given. The: only other narrative·reports possibly 
resulting.from this proposed work would be formally published 
papers of an opportunistic nature depending on findings 
(species range extensions, newly developed sampling methodology, 
etc.). In these cases all stipulations in Parts 9 and 10 
of Section XVII {Standard Statements) will be adhered to. 

C. Visual Data 
All visual data products produced in conducting studies pro
posed here will be incorporated in quarterly or annual reports. 
These visual data would include maps showing spatial and 
and temporal distribution of principal species in various 
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life stages and distribution of sampling sites in the 
study areas in respect to available habitat types. Photos 
of the study areas may be included to show the various 
habitat types, various phases of sampling activity and 
methodologies utilized. ·Data on.life history parameter~ 
(i.e. spawning areas; growth rates, age class composition, 
mortality rate, etc.) will be depicted by graphic methods 
iri addition to narrative discussion. Depending on results, 
other data parameters and their comparisons may be pre
se.nted through graphic, tabular or pictoral means. 

D. Other Non-Digital Data 
No other forms of non-digital data are anticipated for 
submission. 

E. Data Submission Schedule 
See attached Data Products Schedule. 

XI. Information Required from Other Investigators: 
Data on bottom type, current patterns and salmon spawning areas will 
be required. This information should be available through OCSEAP 
quarterly reports and direct contact with other principal investigators. 
Establishment of the base camp facilities in Kamashak Bay by NOAA/ 
OCSEAP as described in the Logistics section of this proposal where 
scientists from several OCSEAP projects would be conducting studies 
simultaneously would provide an outstanding medium for exchange of 
data and ideas as well as the ability to integrate and coordinate 
field activities. 

XII. Quality Assurance Plans: 
Uniformity of techniques and analytical results will be ass~red by, 
first, devising detailed· operational plans for all field sampling 
and laboratory procedures for collection, recording, and analysis 
of data, and, second~ to insure that these procedures are adhered 
to through close supervision and double-checking of data. Calibration 
of instruments utilized for sampling and laboratory analysi·s will 
be calibrated immediately prior to and at frequent intervals during 
each period of use as per manufacturers recommended procedures. 

XIII. Special Sample and Voucher Specimen.Archival Plans: 
A reference collection of all pelagic and demersal finfish species 
encountered by OCSEAP fish resource surveys was initiated in FY 76 
during lower Cook Inlet and Kodiak studies. Any~new species found 
will be added to this collection, and a species list for this area 
updated. Further, th' principal investigators will insure that 
voucher specimens are preserved for archival as per plans formulated 
by the OCSEAP Project Office in Juneau. These specimens will be 
retained by the principal investigator throughout the contract period 
unless OCSEAP requests an early transfer to a permanent archive. 
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XIV. Logistics Requirements: 
Due to the specialized and unique nature of logistics requirements, 
the forms supplied are not applicable. Consequently, the nature 
of support needed and justifications are included in the following 
narrative. · 

NOAA wi 11 supply a base camp to support fie 1 d activity in northern 
Kamishak Bay. This facility will include sleeping quarters, kitchen, 
sanitary facilities, laboratory space, food, minimal electric 
power, two-way radio, boats with permanent or dead weight anchorage, 
fuel, skiff for transit between anchorage and shore and periodic 
(weekly) air flights to and from Homer. We strongly suggest that 
a winch be placed ashore to pull small boats above th~ influence of 
tidal acti.vity to increase security during periods of inactivity. 

The project proposed here will need facilities for four people during 
October through mid December 1977 and mid April through about mid 
September 1978. In addition, other investigators will be using this 
racility, although the exact number of personnel involved and 
their dates of utilization is not presently known to us. 

We need three boats, one Boston Whaler, one open skiff 22 feet long 
and a salmon seiner. The open skiff will be used continuously and 
the seiner and Whaler used about fifty percent of the time, alter-
nately. · 

In Kachemak Bay we need a sal mon\·.sei:rier· (another poss i bl i ty would 
be the PUFFIN, an ADF&G owned vessel based .in Homer) and a Whaler 
or skiff, each to be used simultaneously about twenty-five percent 
of the time. If facilities were available at the NMFS Kasitsna 
Bay facility,-this would considerably enhance logistics for the 
Kachemak Bay effort. Establishment of a Kamishak Bay field lab will 
enable the most intensive sampling effort of any alternative and 
it will allow the most efficient use of research funds and personnel. 

XV. Management Plan 
The study proposed here will be managed by the two principal invest
igators named, with Mr. Blackburn being primarily in charge of study 
execution. Field studies will be conducted by a biologist staff 
of four. One field supervisor will be designated and the data 
collection responsibilities will be specifically assigned. 

XVI. Outlook: 
The broad and highly comprehensive nature of the study proposed 
here obviously precludes completion of all objectives in a single 
year; furthermore, NOAA/OCSEAP policy dictates that stud.ies of this 
nature extend for more than one year so as to enable evalutation of 
between season fluctuations in abundance, reproductive potential, 
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and other critical life history parameters. Consequently, it 
is planned to accomplish the major objectives proposed here in a 
stepwise manner by emphasizing data collection and analysis of a 
subset of closely related biological parameters in successive years, 
while simultaneously obtaining data on all parameters every year. 
This would ultimately result in a comprehensive and relatively 
long-term study of all desired objectives. Primary among the 
biological parameters necessary to accomplish this work are: 

a. Species composition 
b. Distribution by season 
c. Relative abundance by season 
d. Food habits by season 
e. Food habits by life stage 
f. Migration routes and timing 
g. Growth and mortality rates (age class composition) 
h. Spawning times and spawning areas 
i. Foraging areas 
j. Primary predators 

The above table represents only one side of a matrix crossed with 
species. There are scores of species in the study area and com
pletion of some objectives for some species in each year is all 
that can be done. With one years data collection completed we have 
information on a, and some information on b, c, d, f and g (growth 
only). In FY 78, emphasis will be placed upon food habits and 
seasonal distribution and abundance: elements b, c, d and e above. 
Information on f may be obtained from:this effort by inference and 
information on i and j will come from food habits work. 

In FY 79, objectives will be reevaluted according to OCSEAP guidance 
and with FY 78 results in hand and the emphasis of the study adjusted 
to obtain maximum understanding of the system. Some of the previous 
objectives will be continued to fill in the number of species en
compassed. Sampling areas, times and gears may be adjusted. 
Information on age class composition and mortality cannot be reliably 
done before FY 78, but due to variability of age class success and 
other factors, a long time series of information is necessary to study 
these parameters meaningfully. 

In FY 1980, objectives will again be reevaluated according to OCSEAP 
guidance and with data results in hand. 

XVII. Standard Agreements: 
1. Updated Activity/Milestone/Data Mangement Charts will be sub

mitted quarterly. 
2. Quarterly reports will be submitted in sufficient time during 
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the contract year· to be in OCSEAP hands by the first day of 
January, July, and October, annual reports by April 1. Th'e 
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 pre
served, 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 and p.rogress. 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 wjll 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) 
wi 11 be submitted to the Project Data Manager. · 

8. Title for all property purchased with OCSEAP funds remains with 
the U.S. Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific material developed under · 
OCSEAP funds will be submitted to the appropriate Project Office 
at least sixty (60) days prior to release for information and 
for forwarding to BLM. The release of such material within a 
period of less than sixty (60) days shall be made only with prior 
written consent of the Project Office. News releases will first 
be cleared with the appropriate Project Office. 

10. All publications and presentatirins df material developed under 
OCSEAP funds will acknowledge BLM/OCSEAP sponsorship. The 
following acknowledgement is standard. 

"This study was supported by the Bureau of 
Land Man~gement throUgh interagency agreement 
with the National Oceanic and Atmospheric 
Administration, under which a multi-year 
program responding to needs of petroleum 
development of the Alaskan continental shelf 
is managed by the Outer Continental Shelf 
Environmental Assessment Program (OCSEAP) Office." 
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Table 1 
Definition of File Type 23 Digital Data Parameters 
·Utilized in ·Proposed Work for R.U. in FY 78 

Record Type Headers - All Record Types 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

1-3 File Type I3 XXX 023 

4-9 File Identification I6 xxxxxx 070177~113078 

10 Record Type Il X 1-8 

Record T~pe 1 - Haul Record 

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 I3 XXX 0-999 
0 0 

29-35 Latitude A7 XX.XX.XXA 59 OO'OO'N~60 50'00 
0 0 

36-43 Longitude AS XXX.XX.XXA ·151 00'00 11 W-154 20'0 

44-49 Date (GMT) I6 X XXX XX 771001-780930 

50-53 Time (GMT) I4 xxxx 0-2400 

54-55 Gear Type Code I2 XX 10-92 

56-5.8 Duration of Fishing I3 xx.x Hrs. .00.1-36.0 

59-61 Distance Fished I3 xx.x Km. 00.0-!' . . I 

62 Direction of Tow I1 X 1-9 

63 Performa nee Code I1 X 0-8 

70-73 Mean Bottom Depth I4 XXXX M 0-275 

76 Sounding Record I1 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 

525 



Record Type 1- Haul Record (cont.) 

COLUf~NS IDENTIFICATION 
---~ ~ 

·89 Present Weather 

90 Cloud Amount 

91 Sea State 

100-104 Sequence Number 

l\TTRIBUTES 

I1 

I 1 

I 1 

5 

526 

X 

X 

XXX XX 

RANGE --
0-9 

0-9 

N/ A 



Record Type 2 - Tra\·Jl Gear Record 

COLUMNS I DENTI FI CATION ATTRIBUTES FOR~AT RANGE ·--
11-12 Agency Code 12 XX 21 

13-14 Vessel Code A2 XX ()2-24: A-X 

15-16 Cruise Number A2 XX N/A 

17-19 Haul or Set Number I3 XXX 0-999 

20-21 Gear Type Code I2 XX 10-92 

22-24 Opening Height - Trawl I3 XX. X ~-1 00.5-()3.0 

25-27 Opening Width of Trawl I3 XX.X M 00.5-11.() 

28-30 Overall Trawl Length !3 XXX ~1 01.0-15.0 

31-32 Codend Length !2 XX M ()1. Q-5. 0 

33-34 Foot rope Length I2 XX ~ 00.0-25.0 

35-3f) Head rope Length I2 XX ~ 00.0-2SJt 

37 Gear Materia 1 Code I 1 X 0-2 

38 Opening Mesh Al X 0-9: i· 

39 Average Body Mesh I1 X 0-9 

40 Codend Mesh I1 X 0-9 

41 Codend Liner I1 X 0-9 

42-43 Number of Floats 12 XX 1)5-50 

44-45 Float Diameter I2 XX Cm. 10-25 

46 Ti.ckl er I1 X 0-1 

47 Roller Gear I1 X n-1 

48-50 Length of Bridles !3 XXX M 001-037 

51-52 Length of Doors I2 X.X M 0.5-3.0 

53-54 ~Ji dth of Doors 12 X. X t~ 0. 3-1.5 

55-58 Warp Length I4 XXXX M 0005-0823 

59-62 Depth of Gear 14 XXXX M 0005-0275 

100-104 Sequence Number 15 XXX XX N/A 
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Record Type 3 - Mis~ellaneous Gear Record 

COLUMNS IDENTIFICATION ATTRIBUTES FORMAT RANGE 

11-12 Agency Code 12 XX 21 

13-14 Vessel Code A2 XX 02-24: A-X 

15-16 Cruise Number A2 XX N/A 

17-19 Haul o~ Set Number 13 XXX 000-999 

20-21 Gear Type Code 12 XX 10-92 

26-27 Net Depth 12 XX M 0-19 

34 Gear Material Code Il X 0-2 

39 Seine - Average Body Mesh 11 X 0-9 

40 Seine - Bunt Mesh I1 X 0-9 

41-42 Gillnet, No. of Shackles 12 XX 1-20 

43 Gillnet, Material 11 X 0-2. 

44 Mesh Al A 0-9: A-D 

65-68 Depth of Gear 14 XXXX M 0-183 

100-104 Sequence Number 15 XX XXX N/A 
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Record Type 4 - Species Catch Record 

COLUMNS IDENTIFICATION ·ATTRIBUTES FORMAT RANGE 

11-12 Agency Code I2 XX 21 

13-14 Vessel Code A2 XX 02-24: 8-X 

15-16 Cruise Number A2 XX N/A 

17-19' Haul or Set Number 13 XXX 0-909 

24-33 Taxonomic Code 110 xxxxxxxxx ]j 

34-41 Total Weight by Species 18 xxxxxx.xx kg. y 

42 Weight Determination 11 X 1-2 

43-48 Total Number by Species I6 XXX XXX N/A 

49 Number Determination 11 X 1-3 

50-59 Total Weight by Species 110 xxxxxx.xxxx y 

100-104 Sequence Number IS XXX XX N/A 
--' 

11 NODC Taxonomic Codes - March, 1977. 

y 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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Record Type 5 - Lenath Fre~ency_ Record 

1 
Requires Approval 
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J<ecord Type 6 - IndividuaJ_Jli9Jogica.l Record 

. COLUMNS lDENJI FICATION ATTRIBUTES FORMAT RANGE ------·- ---
1-32 The same as in the Species Catch Records - (Record Type 4) 

1 
33 Sex Il X f), l, 2 

34 Matur.ity Il X 1-5 

35-38 Length 14 xxxx 1-2000 

39-44 Height 15 XX XXX X 0-100,000 

45 Weight Determination Il X 1 t 2 

46-47 Age 12 XX 0-40 

48 Age Structure Il X 1' 2, 3 

49 Age Determination Il X 1' 2 

50 Sample Type I1 X . 1' 2, 3 

51 Data Type Al X 1-9, A-F 
1 

52-57 Small Fish Weight 15.1 xxxx.x 0-500.0 

100-104 Sequence Number 15 xxxxx N/A 

1 
Requires Approval 
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COLUMNS 

1-19 

20-99 

101-'!04 

Record Type 8 - Comments 

IDENTI FICA TI ON ATTRIBUTES FORMAT RANGE 

The same as in the Species Catch Record - (Record Type 4) 

Comments ABO XX etc. N/ A 

Sequenc,e Number '15 XXXXX N/A 
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October 4, 1977 

Mr. Peter B. Jackson. 
Alaska Dept. of Fish and Game 
P. o. Box 686 
Kodiak, AK 996i5 

U.S. DEPARTMENT OF &OMMERC5 
National Oceanic and Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 
Boulder, Colorado 80302 

Subject: Contract 03~5-022.;_69, T. 0. 1/13,. RUI/512 

Dear Mr. Jackson: 

I am pleased to notify you that your FY78 proposal, as revised, en
titled, "Seasonal Composition and Food lveb Relationships" has b~en 

·recommended to me for funding in the amount of $155,000. Our.Contract
ing Clerk, Kay Jentsch, '\dll initiate contrac·ting procedures as soon 
as possible. We are also notifying the Juneau Project Office and your. 
institution business office by copy of this letter. The contract period 
will be from October 1, 1977 through September 30, 1978. If you have 
any funding questions, please call Kay Jentsch, 499-1000, x6562, FTS · 
323-6562. Technical or scient·ific questions should be referred to your 
project office. 

I thank you for your contributions to the OCSEA Program and look fon.rard 
to another year of cooperative effo~t. 

SQlincerely, ~··. . 

·/'·A~
YV"-<' /o/. -'7 _/1'./v«!.... 

?,·Rudolf J. :enfelmann, Director 
Outer Continental Shelf Environmental 

Assessment Program Office 

cc: James E. Blackburn 
John Stewart 
·Juneau 



JAY S. · HAMMOND, GOVERNOR 

DEPARTltiEl"TT RF FISII AND G.t\.ItiE 
P. 0. Box 686 
Kodiak, Alaska 99615 

August 2:. 1977 

Dr. Herbert Bruce, Project Manager 
NOAA/OCSEAP Project Office . 
P. 0. Box 1808 
Juneau, Alaska 99802 

We have received your letter of July 27, 1977 which lists required 
revisions in our FY 78 work statement for Research Unit...§.l.Z._ We agree 
to the revisions included in Points 1 through 8 of this letter. The 
elaboration required for Points 9, 10 and 11 of'this letter are as 
follow: · 

9. Analytical Me:thods: . ·sampling of pelagic and demersal fish species 
from the two study areas (Kamishak Bay and Jakalof/Tutka Bay) will 
be conducted on a regular monthly basis beginning in March 1978 
and continued throughout the contract period, as described in our 
original work statement under Sampling Methods. The various gear 
types described in this work statement will be utilized at individual 
sampling stations in a manner th~t most efficiently and represen
tatively samples the species shown by FY 76 studies to be dominant: 
Dolly Varden, pink salmon, chum salmon fry, sand lance, herring 
and perhaps juv~nile flounder •. Data from all hauls will be recorded 
on· the File Type 023 Format as described in Section X of this \'lark 
statement. All catches will be identified by species, counted, 
weighed in signifkant figures, sampled for length measurement and 
representative samples of foreguts ·taken. The number of foreguts 
analyzed for each species is dictated by their relative abundances 
as shown by FY 76 studies and available funding. Based on these 
parameters, an estimate of the extent of foregut analyses for this 
study are as follow: 

Species No. Foreguts Analyzed 

Dolly Varden 150 
Pink salmon fry 150 
Chum salmon fry 150 
Chinook salmon smolts and juveniles 50 
Red salmon smolts 50 
Coho salmon smolts 40 
Sand lance 100 
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Dr. Herbert Bruce 

Species 

Herring 
Whitespotted greenling juveniles 
Masked greenling juveniles 
Smelt species 
Starry flounder 
Rock sole 
Great sculpin 
Staghorn sculpin 
Snake prickl eback 
Tubenose Poacher 

Total: 

August 2, 1.977 

Nb. Foreguts Analyzed 

150 
50 
50 
50 
25 
25 
25 
25 
15 
15 

1120 

While the number of foreguts of each species sampled during each 
monthly sampling period will be dependent upon temporal abundance, 
all attempts will be made to analyze the total number of foreguts 
for each species shown above. The total number of stomachs analyzed 
is based on an estimate of $10 per stomach for analysis. · 

Foreguts sampled will .be individually examined and the condition 
factor subjectively judged by the degree of distention or the stomach 
and rated on a relative scale of fullness. The stomachs shall be 
opened, the contents removed, and the degree of digestion sub-

.jectively judged and rated on a relative index scale. The contents 
will then be air dried or blotted dry in a uniform manner and 
weighed to.the nearest 0.01 gm. Contents,will be identified to 
the lowest possible taxonomic level and ea·ch group shall .be counted 
and weighed to the nearest 0.01 gm. The ~esulting information 
shall be placed on the appropriate EDP medium and summarized by 
species in a standardized format. 

10. The SCUBA surveys planned in connection with this work will function 
as a supplemental sampling tool to aid in studying· the composition, 
relative abundance and trophic relationships of that portion of the 
nearshore fish assemblage in the Iniskin and Jakalof Bay study a.reas 
av~ilable to divers (out to 60 ft. - 18.23 M). These surveys will 
be conducted by a teamof·two experienced biologist-divers swimming 
depth stratified transects of a consistent width. The abundance 
of all species encountered will be recorded on the appropriate data 
format. In addition, specimens of various. species sighted \'<~ill be 
captured and utilized for foregut analyses to supplement samples 
obtained by other gear types. This work differs from that in R.U. 
417 in that it addresses finfish specifically, whereas R.Ur 417 
addresses demersal invertebrate epifauna specifically and treats 
any abundant finfish species encountered incidentaly. 

11. Quality Assurance: To ensure the quality of data, we employ qualified 
personnel to conduct the field work, backed by a series of check 
procedures. All data are recorded directly on EDP forms to ensure 
accuracy and completeness. Personnel are familiarized with the 
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Dr. Herbert Bruce August 2, 1977 

species they will encounter as well as data recording procedures 
and are closely supervised on initial sampling efforts. Un
identified specimens are preserved and identified onshore by-the 
field personnel with the appropriate keys (Wilimovsky, 1958, 
Provisional Keys to-the Fishes of Alaska; Trautman, Milton B. 1973, 
A Guide to the Collection and Identification of Presmolt Pacific 
Salmon in-Alaska with an Illustrated Key; Andriyashev, 1964, Fishes 
of the Northern Seas of the USSR; Hart, J.L., 1973, Pacific Fishes 
of Canada, and others). The species identities are then double
checked by the Principal Investigator. Reference specimens are 
collected routinely for confirming identifications~ 

All instruments employed to obtain and quantify data are checked, 
serviced and calibrated immediately prior to and when necessary 
during each field season according to manufacturers specifications. 

All data sheets are proofed by the Principal Investigator, keypunched 
and verified. Then 10% of the data are randomly selected and proofed 
for keypunch errors. An error rate in excess of 1% in this, plus 
a second identical subsample, necessitates reverification of all 
data keypunched. · 

We recognize and agree to the fact that some of the research strategy 'and 
methodology proposed is subject to change as a result of the intensive 
research planning and organization meetings held prior to initiation of 
field studies. · 

Herb, I hope this satisfies the additional information and agreements re
quired in your letter of July 27, 1977. Please contact Jim Blackburn or 
mYSelf immediately if further clarification is necessary as expedient 
initiation of this project will be to both our benefits. 

Cordially, 

(Av-~ 
Peter B. Ja.fu"on 
OCS Coordinator 
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11. Include a paragraph on quality assurance procedures during data 
collection, processing and analysis. This may be accomplished 
either through appropriate references (OCSEAP progress reports) or 
by detailing them in the revised proposal •. 

If you have questions concerning any of the above guidance, please phone 
the Juneau Project Office, {907) 586-7ll-32. 

Your letter agreeing to these changes, or a revised \'Jork statement, must 
b~ sent to a'nd received in the Juneau Project Office, with a copy to 
Boulder no later than August 5, 1977. If there are extenuating circum
stances which prevent you from meeting this schedule, please phone the 
Project Office. The short deadline is required to ensure continuous 
funding of your project in FY 78. 

Upon receipt of your work statement, revised in accordance with the 
above guidelines, we will initiate contracting procedures for FY 78. I 
look forward to your continued involvement in our program. 

Sincerely it 
Original signed by 
Herbert E. Bruce 

Herbert E. Bruce, Ph.D. 
Bering Sea-Gulf of Alaska Project t,1anager 

~ Program Office 

Please be advised that the final funding commitment and level are 
contingent on the approval of the FY 78 OCSEAP budget by BLM. 

OriqiMl signeti by 
H"'rbe:-t E. Bruce 

Herbert E. Bruce 
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RFx41-512-551 

2 7 JUL '\977 

tvlr. James E. Blackburn 
t:lr. Peter B. Jackson 
Alaska Department of Fish and. Game .. 
Commercial Fish Division 
P.O. Box 686 
Kodiak, Alaska 99615 

Re: Research Unit # 512 

Dear Mr. Blackburn and Mr. Jackson: 

O.Jter Continentel Shelf Environmental 
Assessment Program . 

. Bering Sea-Gulf of Alaska Project O+f· 
p_ 0. Box 1808 · Ice 

Iu~au. Alaska 99802 
PH: 907-586-7432 

Your FY78 renewal proposal, entitled 11Seasonal Composition and Food Web 
Relationships of t~arine Organisms in the Nearshore ~laters of Lower Cook 
Inlet--Including Fishes and Benthic Epifauna, 1

' has been reviewed by the 
Juneau Project Office. The following revisions are required before the 

. work statement can be sent to our Contracting Office for funding: 
' c 

1. The funding level should be reduced to $155,000, of which $150,000 
is for science and $5,000 is for logistics. These departures from 
your proposed funding level and distribution are explained in the 
following paragraphs. 

2. Your proposal should show the start of field operations in f·larch 
1978, not October 1977. We feel it inadvisable to begin field work 
in October 1977 because of the limited time available to plan and 
organize. the integrated nearshore study. Overall experimental 
design, coordination between investigators, provision of logistic 
support, definition of integrated research products and the means 
to attain integration must be carefully developed to assure a 
smooth-running and fruitful research program. This required planning 
is necessarily .a 1 engthy process. 

3. The General Strategy and·Approach section of your proposal should 
state that a series of intensive research planning and organization 
meetings will be convened by the Juneau Project Office with the 
attendance of the Principal Investigators. These meetings will be 
conducted during the period preceding the initiation of spring 
field operations. As a result of these meetings, some of your 
proposed research mqy be modified; however, such changes will not 
adversely impact your research funding level or radically alter the 
basic objectives of the studies. · 

4. Please reduce your budget for personnel salaries of temporary 
biologist I's by 9 man/months, or $15,670. This decrease is re
quested as a consequence of ~he delayed need for these personnel 
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·resulting from the elimfnation of Autumn 1977 field work. 

5. Please reallocate $5,670 of the funds delet.ed from salaries in 
paragraph 4 to travel and per diem for planning meetings and addi
tional foregut analyses. We estimate that three rr~etings totaling 
approximately 7 days \'I ill be required. 

6. Please add $5~000 to your budget under CPF-6 (Direct Costs). This 
·increase is intended to cover per diem and food costs for personnel 
at the Kamishak Bay Camp. OCSEAP \'lill not prm.rtde food services. 
However, the camp will be equipped with cooking facilities~ refrid
gerator~ and other amenities such as sleeping.quarters, heating and 
a chemical toilet. Scientific and technical personnel will be 
expected to purchase and prepare their own food. 

7. It is clear that considerable time must be spent on the clarification 
of digital data products to be produced by R.U. 512. The list of 
File Type 023 parameters to be used for the proposed work does not 
include Record Type 7 (Prey Record), which would appear indispensible 
in view of the emphasis on food habits investigations. Also~ the 
listing of Record Type 6 does not include the "gut collected 11 field 
(byte 55). The need for this particular field is debateable, as 
indicated by your suggested replacement of bytes 52/57 with a 
11small fish weight" field. These two examples do not comprise an 
exhaustive list of such questions or conflicts regarding your 
digital data products. Therefore, you must include a statement in 
the proposal that digital data formats and expected data products 
will be finalized during negotiations between the Juneau Project 
Office and the Principal Investigators. 

8. Paragraph 6 of Section XVII (Standard Agreements) should be revised 
by placing the words "to the Juneau Project Office" irrmediately . 
after "submitted". 

9. The Analytical f-1ethods section should be amplified to give additional 
information. This may be done by furnishing appropriate references 
or by describing the methods to be used. As an example of the 
infonnatioit we require, consider the following questions: Hhat 
types and level of analyses will be performed on foregut contents? 
(He assume the suite of data from this work \'-/Ould include, at a 
minimum; (1) weight of total contents, (2) enumeration of individuals 
comprisip9 each prey category, and {3) the weight of each prey 
category.) What species do you plan to ,erform foregut analyses 
on? How will the foregut sampling be stratified with respect to 
time, location, etc? · 

10. Please state the intended objectives of the SCUBA surveys. This 
information is necessary to evaluate possible duplication of effort 
by this research unit and RU 417. 
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CU Proposal No. 0677.9.394B 
State ID No. 77-270210-394 

Research Unit #516 

A Proposal to the 

National Oceanic and Atmospheric Administration 

for support of 

A GEOGRAPHIC-BASED INFORMATION MANAGEMENT SYSTEM 

FOR PERMAFROST IN THE BEAUFOR~ AND CHUKCHI SEAS. 

Name and Address of Institution: 

Desired Starting Date: 

Amount Requested from NOAA: 

Time Period for Which Support is Requested: 

Principal Investigator: 

Michaeligdorchik 
Principal Investigator 

Vice 
Dean of the 
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The Regents of the 
University of Colorado 
Boulder, Colorado 80309 

1 October 1977 

$40,000 

One Year 

Michael Vigdorchik, Research Assoc. 
Institute for Arctic and 
Alpine Research 
University of Colorado 
Boulder, Colorado 80309 
303-492-6387 

·.·.· .. ··.~~;u&£-
Roger ~ry '!'!J 
Acting Director, INSTAAR 
"''.; ·. 



TECHNICAL PROPOSAL 

I. Title: A geographic-based information management system for permafrost 
in the Beaufort and Chukchi seas (Alaskan coast). 
Research Unit number - 516 
Contract number - 3-7-022-35127 
Proposed date of Contract - October 1977 - September 1978 

.II. Principal Investigator: Michael Vigdorchik 

III. Cost of Proposal:- $40,000 (Lease area) 

IV. Background: A broad range of earth...;science studies have been supported 
by OCSEAP in the Beaufort and Chukchi Sea areas. Some of the studies, 
sucQ as the examination of seismicity in northeastern Alaska, the off
shore permafrost studies, the survey of ice-gouging on the sea bottom, 
and the estimates of rates of shoreline retreat, were conceived as 
studies of obvious geologic hazards to drill rigs, producing platforms, 
pd.pelines, and supporting -facilities. Other studies~ such as the analysis 
of the distribution of bottom sediments,and of rates and mechanisms of 
dispersal of· sediments were originally conceived as supportive of the 
biological investigations-. The Barrow Synthesis meeting made obvious 
the interdependence of biological, physical oceanographic, arid 
geolQgical ipvestigations, demonstrated that such investigations 
can contr,ibute in many ways to minimize .enviromental damage and to 
optimiz.e the use of scarce resources during the future exploitation of 
the petroleum resources of the contin.ental shelves of arctic Alaska. 

Knowledge of the distribution, state, and water or ice content of 
offshore permafrost is critical for planning petroleum exploration and 
production structures, buried pipelines, and developmental tunnels 
beneath the sea bed. Knowledge of sea-bed temperatures is also needed 
in order to recognize potential sites of accumulation of gas hydrates 
and to predict areas in which ground water under artesian pressure is 
likely to be encountered. More detailed and site-specific information 
about the distribution. ·.thickness, stcite, and ice content of subsea 
permafrost will be greatly needed as petroleum exploration and 
development progress. 

Subsea permafrost has been studied by means of boreholes and seismic
refraction lines off the Mackenzie River delta in Canada and off Prudhoe 
Bay and in the Elson Lagoon area near Point Barrow. Local Canadian 
borehole seismic-refraction studies have been augmented by a regional 
analysis of commercial multichannel seismic-reflection records, making 
it possible to map the distribution of ice-bonded permafrost over a 
large segment of the Canadian shelf (Hunter and others, 1976). Studies 
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on the Alaskan shelf of the Beaufort Sea have been essentially 
confined to the two profiles in the Elson Lagoon and Prudhoe Bay 
areas (Lewellen, 1976; Osterkamp and Harrison, 1976; Quarterly 
reports to NOM for R.U. 194, 205, and 271). Harrison and Osterkamp 
(4th quaterly report, 1976) have developed a very simple but crude 
thermal model for subsea permafrost and have discussed its assump
tions and application in the Chukchi Sea. It is based on the sea 
level history curve of Hopkins, sea bed temperature data for the 
Chukchi Sea, and thermal parameters obtained from Gold and Lachenbruch 
(1973). The problems of subsea permafrost were summarized during the 
Barrow Synthesis meeting attended hy the following geologists: 
D.M. Hopkins, P.W. Barnes, Niren Biswas, Jan Cannon, Edward Chamberlain, 
Joe Dygas, Will Harrison, A.S. Naidu, Dag Nummedal, James Rogers, 
Paul Sellmann, Michael Vigdorchik, William Wiseman, and Tom Osterk.;l.mp. 

The report on this~meeting also contains data contributed by 
Gary Boucher, Edwa,rd Chamberlain, Alex Delancy, Steve Eittreim,-S. Estes, 
L. Gedney, A. H. Grantz, M.O. Hayes, R.E. Lewellen, J.L. Morack, Thomas 
Osterkamp, C. Pearson, Erk Reimnitz, and C.H. Ruby. This summary focuses 
chiefly upon studies of the continental shelf of the Beaufort Sea and 
giv.es only peripheral consideration to the Chukchi Sea area. In the 
an·nual report of the research units 253, 255, 256, (April 1, 1976 -
March 31, 1977), W. Harrison and T. Osterkamp determine the distribution 
and properties-of subsea permafrost in the Chukchi Sea. Their program 
includes an effort to understand the basic physical processes responsible 
for the subsea. regime as a basis for predictive models. 

Experience obtained in the terrestrial environment has indi
cated the necessity for careful consideration of permafrost during 
OCS oil and gas development activitities. The conse·i_uences of error 
in planning or design of facilities are greater in the complicated 
offshore conditions than on land in terms of loss of human life, time 
environmental damage, and costs. 

It is understandable that site-specific information on offshore 
permafrost from the seismic or drilling methods cannot be obtained for 
all locations on the continental shelf. In order to meet the need for 
predictive information on the potential distribution and characteristics 
of offshore permafrost, a different kind of modeling approach must 
be used, drawing on all existing data. The proposal "A Geographic-based 
information management system for permafrost in the Beaufort and Chukchi 
Sea" is the continuation of just such a .kind of modeling approach we 
had already begun at the end of 1976. 
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V. Objectives: The fiE_s!_.e_rinciE_a_!.: obiectiv~ of this work is to continue 
to develop a computerized system which will aid in predicting the distri
bution and characteristics of offshore permafrost. A special computerized 
system will divide the offshore territory into areas which are suitable 
or unsuitable for relict permafrost. Computer-based mapping of the 
distribution, thickness and character in modern offshore conditions will 
be the main part of the program. 

The approach to solving this problem involves the gathering ~nd 
study of all the source data about direct and idirect indicators .of 
permafrost in the given area (depth, temperature and salinity of water, 
topography, bottom deposits, ice conditions, etc,). 

According to this objective alL existing data on depth, temperature 
and salinity of the Beaufort and Chukchi Seas shelf Qave been gathered. 
Some of this data is on magnetic tapes which makes it possible to compile 
the source data maps as a second step of Data Management System develop
ment. Their compiling in computerized form is processing now and wil~ 
be finished in August- September 1977. 

The ~e~ond_o~~c!_ive of work is to continue to undertake a com
prehensive review and analysis of past and current Soviet literature 
on subsea permafrost and related coastal processes, an~ where appro
priate, translate selected materials for general dissemination. The 
availble materials relate to problems of submarine permafrost · 
orgin and development such as Quaternary Arctic history; especially 
Quaternary transgressions and regressions in Eurasiatic arctic shelf 
should be summarized and evaluated with respect to their significance. 

The first results are summarized and will be summarized in our 
annual report (October 1976 - March 1977) and two quarterly reports 
(April- June 1977 and July- September 1977). 

According to the second objective of the work, an in-depth search 
of the Soviet literature bas been performed and the bibliography has 
been compiled. · We have included this biblography and the primary part 
of analysis of the Soviet data and results in subsea permafrost .study 
in the annual and quaterly reports. 

The bibliography. includes 413 publications connected with re
search on the theory of submarine permafrost and the praotical applica
tions of the results of the study of the ·_properties of the frozen 
deposits. Environmental aspects of submarine permafrost 
is an important part of this kind _of "analysis"." The primary part 
of the "analysis" consists of about 220 pages and about 110 schemes, 
figures and tables. This is about one half of the full "Analysis of 
Submarine permafrost on the Arctic shelf of Eurasi~" The compiling 
of its second half (in the same volume) is included in this proposal· 
for 1977-1978. 
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The Barrow Synthesis meeting has made possible the further develop
ment of the Data Management syst-em 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 geographical 
data as a basis for developing a shelf use plan or evaluation. A great 
manv. mao's. were generated at the Barrow meeting bv different Prouns of 
sci'entrsts in biglogical, physical oceanoceanographic.and geological source 
materials for our system. From another side the scientists at Barrow 
have identified the salient issues related to the various physical condi
tions, social concerns, economic factors and legalities affecting the shelf 
use plan and evaluation. 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. 

Having the source maps and "issues of concern", we can take the 
next step, in the "Data Management syst'em" 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. Logically it is the ~hir~~ain_o~ec~ive of our 
proposal. This- can be realized after recieving the full results of the 
Barrow meetings especially the maps,. and ·will be coatinued during the 
1978-1979 y.y. 

VI. General Strategy and Approach: 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 ~ssessments and so on. Indeed the basic approach 
of this proposal can be utilized on any project which requires the 
analysis of different types of geographical data as a basis for 
organizing shelf use plan or evaluation. 

On this paticular p.roject the computer is utilized in performing 
a comprehensive shelf study to identify the most suitable candidate 
areas for offshore permafrost. 

We hope to continue developing a system which will aid in predicting 
the di$tribution and characteristics of offshore relict permafrost by 
obtaining information on the conditions, the history and the developf!lent 
of the paleogeographical conditions in this area. 

A special computerized system will divide the offshore territory 
into areas which are suitable or unsuitable for relict permafrost. 
Computer-based mapping of the distribution, thickness and character 
in f!l.Odern offshore conditions will be the main part of the_program. 
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To approach a solution involves the study of all the data about 
direct and indirect indicators of permafrost in the given area, using 
cartographic methods and also the investigations of the shelf and 
coastal shorelines. The computer provides us with a tool for managing 
all of the spatialy disposed data and decision logic used to assess the 
most suitable area for permafrost. In addition to providing a tool 
for storing and retrieving geographically based data, the system is 
used to produce derivative maps showing the new aspects of the conditions 
for the submarine permafrost extension and its possible character. 
If the work continues during 1978-1979 , it will be possible to 
generate composite maps of the shelf area using suitable and environ
mental sensitivity. 

VII. Sampling Methods: Not applicable. 

VIII. Analytical methods: The continuation of the Offshore PermafrostGeo
graphic Based Information Management System (OPGIMS) development. 

Our data management system is designed to provide a comprehensive 
framework for recording, storing, manipulating and displaying mappable 
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 dRta 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 assist
ance 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 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 has to identify 
the most suitable candidate offshore area for permafrost, based on a 
multiplicity of geomorphological, geological, ·cartometerical, geophysical, 

·and. oceanographic 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 
(heir value. "The Data Structure Diagram (Fig. 1) represents and organizes 

.data requirements, the stages of mapping, and the production of information 
resulting from the study. This Diagram differs from the Data Structure 
Diagram of. the first proposal in that some changes were made after studying 
the available source data in this area, including such parameters as: 
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Sea bottom temperatures and salinities, 
Air temperatures (incl. paleo-temperature record), 
Thickness of Holocene sediments, 
Bathymetry, 
Sea level history, 
Thermal characteristics of subsea sediments. 

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 distribution and the 
thickness of the permafrost 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," contain the results of cartometrical and 
other ways of the first usage of the data management. Then the 
interpretive data 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 b~sis 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 stag~s. The composite mapping 
records and illustrates the geologist's opinion about the major 
problem-the area suit.able for existence of permafrost in the 
Beaufort Sea offshore. The last map gives the final variant of the 
location, character and thickness of the permafrost in this area. 
The Data Structure Diagram clearly serves as a useful vehicle for 
initially organizing the project and efficiently moving toward the 
sta.ted goals of the study. Different types of data are needed in 
order to determine the most suitable location of the offshore perma
frost in the Beaufort Sea. Using a modified cost/benefit analysis, 
each potential source data type can be evaluated as to its costs of 
acquisition relative to its degree of importance in the overall 
decision-making process. 

At the begining of 1977 two base maps had been prepared: 
A Geographic Base 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 GB:t•f) 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 ac·t as depositories t;or data. Each grid cell is indexed 
by its row and column number to provide a discret.e address identifying 
a specific location. 
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Both kinds of maps have been prepared in two scales: 1:50,000 
and 1:1,000,000 (in the same coordinates system). The first scale 
is directly connected with submarine permafrost investigations in 
nearshore areas with a higher desnity of data; the second one is oriented 
on the maps generated at the Point Barro~.;r meeting. The size ot the grid 
cell is determined by several factors: The overall goals of the study; 
the character and density of the data; and the size of the study area. 
A grid cell size is 2.5 minutes by 2.5 minutes for the scale 1:50,000 
and 30 minutes by 30 minutes for the scale 1:1,000,000. Identifying 
the. particular data characteristics for each grid cell, the computer 
is able to record the type, location, and extent of all mappable 
data within the study area. 

The Universal Transverse Mercator (UTM) coordinate system was 
selected because it is the contiguous coordinate system throughout 
the entire study area. In order to prepare a source data map for 
imput to the computer, the map must first be convered into a computer
readable form. This .is referred to as "the process of encoding 
data." Encoding of a specific source data map is done by aligning a 
transparent copy of the Grid Base Map over the respective source data 
map. The data is encoded by writing into each grid cell on the 
transparent grid map the appropriate data label number, that is, the 
number used to represent a particular data characteristic. Specific 
techniques are used for manipulating the data. 

The four basic 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 overlay process; and (4) the Distance 
technique which is used for calculating the distance of all geographical 
areas from a given point, line, or area. · 

The computer technique aU:d such statistical methods as factor 
analysis and cluster routines are used also for "controlling" the 
computerized division of the territory and for comparing the results 
of these two methods of offshore area division. The comparison of 
the two methods is important also'in the methodological sense for 
evaluating the time and the cost. of such different approaches for 
further investigations. 



IX Anticipated problems connected with physical field mapping. 

There is very often the need to map certain physical fields (salinity, 

temperature, ocean depths.) over some limited area. But usually we have 

,observationa (ships~ satellites} only in a very limited number of points, 

and the real problem is to cover the whole region with so~e 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 Quart~rly report we describe the simplest approac~ to this problem 

. dividing our region (Alaskan shelf) into generally small. rectangular areas~ 

Some of them include shorelines and others are totally in the ocean. We 

have. produced some preliminary contour maps on CDC-7600 (water salinity, 

sampling depth and temperature); we have also madehalf-tone intensity 

maps of these characteristics. These maps have also been produced on the 

printer without using the plotting machine. The main problem is that this 

area has a very poor observational network, so in our work we have to rely 

a very low density of observations. 

At the beginning of our research we have used three different approaches 

to the data assimilation problem, but all of., them have the same main goal: 

to build the grid point network of data by mathematical and statistical 

means, very densely and equally spaced (from 2' to 5 ') in latitudinal and 

longitudinal directions. Sometimes this procedure of data assimilation is 

called "objective analysis". The preliminary result.s of these approaches 

have been described in our Quarterly report (July 1, 1977). 
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X Deliverable Products: 

A. Diaital ia~a- The following source parameters averaged for a thirteen 
minute grid covering the continental shelf in the scale of 1:1,000.000 
and five minute grid in the scale 1:50,000: Oceanographic. (bathymetry, 
temperature and salinity of water). Lithological (character and thick
ness of the bottom recent Holocene and Pleistocene deposits, base and 
subsurface bedrock), tectonical(structural and line~r features), Arctic 
coastal geomorphological (shoal location, ice type, major ice lineations, 
gouge directions); indicators of the shorelines, paleotemperature records, 
direct drilling, geophysic and geopmorphic·dat~ on permafrost. 

B. Visual data Computer generated sources and derived data maps, including 
the maps-of the para~eters listed above, the maps of the thermal 
characteristics and poroisity of the deposits, static and dynamic 
tectonics, density of seasonal ice, density of the different indicators 
of the submarine, permafrost, rate o£ shoreline changes, duration of 
the shoreline changes, density of the bottom contours. 

Complex of Interpretive and Specific Parameters Maps includes: 
Surface factors affecting permafrost distribution, 
Paleogeographical (historical and paleoclimatic) factors affecting 
~ermafrost distribution, 
Areas of ice and bottom interaction, 
Local uplift and subsidence areas, 
Permafrost thickness, . 
Types of submarine permafrost environments • 

. Composite Maps: 
Suitability for relict permafrost. 
U.nsuitability for relict permafrost. 

Candidate Area. Map: 
Offshore permafrost distribution, character and thickness. 

C. !a£t~tiv~ Re£O£t~ The final report will also include 200 pages, 30 pictures 
and numerical modeJ_s cluster and factors analysis diagrams, block schemes 
and so on. The expected information products \-till also. include the 
analysis of the data and ideas of the Russian literature on submarine 
permafrost?with the following content: 

B. Division of the bibliography according to the different aspects 
of submarine permafrost study·* 
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C. Submarine permafrost regional distribution, composition, 
composition and structure * 

1. Thickness of the rock zone with·subzero temperature on 
the Eurasia Arctic coast * 

2. Data on submarine permafrost extension in Laptev East 
Siberian and Kara Seas * 

3. Depth and thickness, cryogenic structures and their 
formation ** 

4. Thermal regime and genesis *** 

D. History of development, paleogeograhical conditions (changing of 
the sea level, regressions and transgressions, Pleistocene and 
recent tectonics, paleoclimatic data) **** 

E. Geological and geomorphological environments, thermal erosion, 
coastal dynamics, arctic shoreline processes, shelf bottom 
relief and depQsits, the ice processes in the coastal zone 
connected with the bottom freezing **** 

F. Hydrological peculiarities (influence of the river flow, thermal 
and chemical characteristics of the sea water, currents) **** 

G. Physics, physical chemistry, mechanics, thermal processes and 
methods of their study, including mathematical simulation **** 

H. Engineering geology and the principles of construction**** 

I. Surveying and predicting **** 

J. General problems connected with submarine permafrost development 
in the polar regions **** 

We see that the main result of the proposal will be the creation of a system 
to organize the multiplicity of da,ta.values into~ form useful in the composite 
analysis stages. The recorded and illustrated composite mapping will solve the 
major problem of how to show areas suitable for p·ermafrost existence in the Beaufort 
and Chukchi Seas. The last map gives the final variant of the location, character 
and thickness of the permafrost in this area, solving the principal problem of this 
work. While the system may not be able by itself to actually predict the extent of 
subsea permafrost everywhere on the shelf, it will aid in such predictions by other 
OCSEAP research projects on subsea permaf~ost (see R.U. 105). 

* · Chapters included in Annual Report (October 1976 - April 1977) 

** Chapters included in Quarterly Report (April - June 1977) 

*** Chapters to be included in Quarterly Reprot (July - September 1977) 

**** Chapter to be written during 1977 - 1978 
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E. Da!a_SE,bmi~s.!_on ~c.E_e~ule This proposal is a continuation of the work 
begun in 1976-1977. That is why we may consider the submission of all 
source data by the beginning of September 1977. ·It ·gives us the possi
bility to concentrat.e our. efforts in recording, storing, manipulating 
and displaying mappab~information used in preparing planning studies, 
in electr6nic 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. The OPGIMS 
can automatically generate a great deal of secondary data, saving time 
and money during the collection phase of the project. During the data 
analysis phase, it is possible to aggregate a number of subjective· 
judgements into an integrated set of evaluations. The OPGIMS 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 stud.ies of 
this territorry. 

Using the computer-oriented approach, the study team is able to 
coordinate the flow of information for projects analyf?is, to control the 
selection and format of'the data used, and to establish their value. 

The dates data will be submitted to.the project offices for 
inclusion in the data base according to the attached "Data Products 
Schedule". 

XI. Information Required from other Investigators. 

XII, XIII, & 
XIV, XV 

During the 1976-1977 year the arrangements and proposal contacts 
were made on the Beaufort and Chukchi Seas submarine permafrost and other 
geological and related problems. I hope to continue these contacts, 
especially with David M. Hopkins (Shoreline History of the Chukchi Sea 
as an Aid to Predicting Offshore I;'ermafr'ost Condition along the Northern 
Alaskan Coast), Robert Lewellen (Coastal Erosion, Erosional and Deposit
ional Rates, and Patterns of Sediments Along the Alaskan Sea Coasts), 
Peter Barnes and Eric Reimnitz (Offshore Permafrost, Lateral Extentand 
Continuity of Permeable Layers), T.E. Osterkamp:and ·w.D. Harrison 
{Drilling Properties, Processess and Models), James C~ Rogers (Acoustic 
studies, the Shape of .the Permafrost Boundary, Thermal Models, Comparison 
with Bottom Temperatures along the Coast), R. Berget al. (Engineering 
Characteristics), Jerry Brown and P. Sellman, (CRREL and other scientists 
of OCSEAP). Their data are and will be a very important part of the 
OPGIMS. I can underline the importance of the Point Barrow meeting in 
organizing of such kinds of contacts, for instance, the example of the 
sucessful experience of the common work. 

We do not propose to use quality assurance plans, special 
sample and Voucher specimen Archival Plans, logistics requirements and 
Management Plans. (Note: This proposal itself is a ••management system11

.) 
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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 of importance for predicting 
not only the extent of subsea permafrost but as an aid to an environ~ 
mental assessment of the seashore continental shelf. · 

For incorporation in Impact Assessment considerations, it is 
anticipated that the research should be continued through FY79 for the 
whole Beaufort andChukchi~~as shelf area, and also that the environ
mental impact of oil exploration in the offshore permafrost environment 
be studied. Issues of concern are ecological sensitivity, water and ice 
contamination, coastal and bottom deposits stability, social sensitivity, 
public hazards, and wildlife hazards. These aspects would be under 
consideration and would be reflected in the Data Structure Diagram and 
computer-based value setting for composite mapping analysis into separate 
districts relating to the areas of sensitivity to these factors. ·Maps 
generated at the Point Barrow meeting are·a good base for such work. 
We consider these maps as a source data maps. That is \·lhy in :J-979 \·le 

can begin from derived maps, generating them for reaching_ the main goal of 
the work: The compiling of The Composite map of the Beaufort and Chuckchi 
~e~s_Shelf_Environmental_D_!,v,Ision.------------- ,...----- ---

In addition some special environmental maps could be done, such 
as A Co!!!Puter_gen~r~t~d_M~_o!_ Wa!_e.E_ and .!_c~ f_ont~min~tion ~ens.!_t.!_vity 
of the Alaskan Shelf and so on. 

The cost of; this work will be approximately $40-60K which is on 
the same level of the current work. He do not need additional major 
equipment nor special field efforts and with logistic requirements. Of 
course, we consider this work as a collective effort of the OCSEAP par
ticipants and hope tp share our authorship with the representatives of 
the different scientific fields. 
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---------------~------------------·-------------~-----------~-----,..__-------1 

Data Products Scht!dule 

Data Type Media Estimated Processing and Collection 
. (ie,. Intertidal, (Cards, cod- Vol1..1me OCSEAP Formating done Period 
Benthic Organisms, ing sheets, (Volume of Format by p. I. . (Month/Year to Submission 
etc.) tapes, disc) processed data) (If known) (Yes or No) Month/Year) (Month/Year) 

Scate: 
Source data Maps 12 1:50,000 

12 1:1,000,000 Yes October 1977 November 1977 

Coding sheets 12 Yes Oct.- Dec. 1977 January 1978 
Punch cards 6.105 

Yes Oct.- Dec. 1977 .January 1978 
Magnetic tapes 10 Yes Oct.- Dec. 1977 January 1978 

Derived data Maps 10 1:50,000 
10 1:1,000,000 Yes Oct. - Dec. 1977 January 1978 

magnetic tapes 8 Yes 

Interpretive data Maps 5 1:50,000 Yes Jan. - March 1978 April 1978 
5 1·: 1' 000' 000 

magnetic tapes .4 Yes Jan. - March 1978 April 1978 
VI 
VI 
w Issue based 5 1:50,000 

Maps 5 1:1,000,000 Yes April-June 1978 July 1978 

Composite map 1 1:50,000 Yes July-Sept. 1978 October 1978 
1 1:1,000,000 

Candidate Area 1 1:50,000 
Map 1 1:1,000,000 Yes July-Sept. 1978 October 1978 

Magnetic tapes 2 July-Sept. 1978 October 1978 Yes 



J Source Data 
Maps 

Topographic 

Indicators of 
the shorelines 

Derived' Data 
Maps 

"Data Structure Diagram 

Figure 1 

Derived" Data 
Maps 

Slope angles ------------------------------------------·Surface factors affecting 
Slope exposure -:::::::::::::=:::=:::::::::::::::::: permafrost distribution 
Density of contours-

Paleogeographical 
Rate of shoreline Areas of progradation factors affecting 

-- change ·~==========-Area of delta development-=--- distribution 
--- Duration of shoreline Time of submergence --

change 

Direct geomorphic Density of indicators 
/t;;lindicators of the- of the perrnaJrost 
~permafrost -

(historical) 
permafrost 

Ice type Areas of the ice and 
bottom interaction Suitability 

for permafrost Permafrost '~::--==========~==========·Ice gouging ~~Major ice lineations generation 
~~Density of seas~nal~i:c:e~---------------
- >Gouge directions_. _ 

Shoal locations 

Structural features ----.Static tectonics.-----------------------------------------------
Linear features . ._--

~ 
~distribut:l 

character 
thickness 

] Unsuitability 
co or permafrost Local uplift and.-·-------II'Q 

Recent mcvements ----- ---------------------------------------------Neotectonic movements------ Dynamic tectonics 
subsidence areas 

"' QJ 

Direct drilling data 
about permafrost 
Direct geophysic data 

Base and subsurface 
bedrock 
Subsurface grave~ 
Subsurface sand 
Subsurface silt and clay~ --Peaty material ---------

Thermal characteristics and ---------------------------porosity of.the deposits 

Permafrost 
thickness 

..., 
;:l 
p.. 
s 
0 
u 

Possible permafrost 
thickness l 

Offshore topography 
(Sea w.Jter depth) 
Bottom currents 
B_ottom temperature 

:==============================~~~~~~~=====;~~~~~;;;;;;;;:·Types of submarine -------· ·-~ environments-Types of submarine 
----~_....~~~- permafrost environments 

,Sea '~.Jter salinity 
__ ...... ----------- ------
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C. Technical Proposal: 

I. Title: Characterization of the Nearshore Hydrodynamics of an 
Arctic Barrier-Lagoon System: Meteorological Input 

Research Unit Number: 519 

Contract Number: 

Proposed Dates of 
Contract: 

03-5-022-67 

1 October 1977 - 30 September 1978 

II. Principal Investigator: F. D. Carsey 

III. Cost of Proposal 

IV. Background 

Total $ 51,914 

Distribution of Effort by 
Lease Area: Beaufort Sea, 100% 

Work proposed here supplements the effort of Matthews and coworkers 
by providing large scale and mesoscale meteorological input for nearshore 
current and sea level height and tilt modeling. This work extends current 
efforts in measurement and modeling. of sea-breeze and mountain effect winds 
and Beaufort Gyre tides begun under RU519. Examination of data taken during 
RU519 shows the growth seaward of a sea breeze cell during the summer day and 
the tides thereby created. Cell dimension and strength are to be further 
studied in summer, 1977 and are clearly important in both magnitude and time 
dependence in the estab.lishment of lagoon currents, sea level tilt and the 
ultimate trajectory and surface borne contaminants. The same situation exists 
for mountain effect winds and Beaufort Gyre tides for which processes pre-
liminary data has been gathered (in early summer, 1977) but not yet analyz~d. 

V. Objectives 

The objectives of this program are to measure and model mesoscale pro
cesses in the .surface winds of the Beaufort Sea Coast to make possible accurate 
calculated trajectories of suspended and floating pollutants. Also, it is 
important to examine the access to historical estimates of these winds from 
archived data. Spatial and temporal variation of surface currents driven 
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V. Objectives: continued 

by surface winds and ice motion will determine the probability that oil-related 
accidents will have impact on identified biological populations .at the continental 
shelf edge and shore regions. Spatial variations due to ·orographic and thermal 
effects can help identify regions of high environmental impact hazard. 

VI. General Strategy and Approach 

The strategy proposed is to examine actual surface winds in comparison 
with carefully taken large scale pressure distributions and to model the dif
ferences- as mesoscale contributions. Winds are measured at 3-5 locations along 
the Beaufort coast on points and islands with roughly 50 km spacing and pressures 
are recorded at 4-6 .locations defining a grid of some 100 km spacing between 
Bar~ow, Barter Island, Narwhal Island and Umiat. Instruments and measurement 
spacing and data intervals are chosen to balance precision and ruggedness. 

VII. Sampling Methods 

Sampling is done continuously and is analyzed into 3-hourly averages to 
conform with atmospheric transient response and for comparison with archived data. 
Sampling periods are usually one month in duration to provide a period· long compared 
to synoptic change and still within budget limitations. The s.all!.pling period 
will be chosen to coincide with that of J. B. Matthews who will be measuring 
oceanographic variables. 

VIII. Analytical Methods 

Pressure fields are analyzed to produce geostrophic wind. fields after 
Brown et al (1974) and surface wind fields after Carsey and Leavitt (1977). Sea
breeze modeling is not a well understood process; recent theory is due to Walsh 
(1974) •. We will attempt to extend and particularize this model. Mountain effect 
winds have been discussed by Schwertfeger (1974,1975) and Dickey (1960). These 
include both barrier flow·a:nd orographic baroclimicity. It is likely that a 
combination of at-least these two processes will be necessary to account for the 
actual measured wind field. · Beaufort Gyre tides will be examined by comparing 
ADRAM's buoy movements (Coon,l977) with data taken as part of OCSEAP (Aagaard,l977). 

IX. Anticipated Problems 

The modeling of the sea-breeze is the most significant anticipated pro
blem. We will first compare the model of Walsh (1974) to our data. The basic 
results of Walsh demonstrate the importance of sea-breeze modeling for oil spill 
trajectory modeling in the strong time and space dependence of the winds. The pri
mary purpose of this work is not to forecast the sea-breeze but simply to esti-
mate reasonable scale and'magnitude for the cells under the conditions of the region. 
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X. 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 pressures at 4-6 sites in Northern Alaska. 

B. C. & D. other data: none anticipated 

E. Data Submission Schedule: see attachment 

XI. Information required from other Investigators: none anticipated_ 

XII~ Quality assurance plans: 

Anemometer winds are annually compared to factory calibration in 
wind tunnel tests. 

Microbarographs are compared to transfer standards on a weekly basis 
and are intercompared at least twice annually. Instrument temperatures 
are recorded in the field for calibration purposes.· 

XIII. Special Sample and Specimen Archival Plans: none anticipated 

XIV. Logistics Requirements: see attachment 

XV. M~nagement Plan: see attachment 

XVI. Outlook 

It seems unlikely that this work will proceed past data presentation 
for the field season of 1978. 
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C. .'<::(-:-' .. \::T ;;T~P 1'•:0.rL' l!":.~,tr:o~··;·r::R --------------------------------· _ ------· _____ _ ____ --·------·-· 
---I~--[;;~-ii_t;~~-~~t~·-p-;:;;;-;,·~-;,T-i:-~:~~;~;~-Ct~-;;~!d/~-:~~ ~;-i ,ttiun ~:ch.~tr:l• on ;t ck!c·t: ol: the~ .:r,•;t. 

(Nor .. !~ J.t: ll.i;~hr:; •it··~ foe tr.1n:>p•.t:t elf: Jkt·:;orm-.·1 or eqtt ipti!t'tt: ••nly I !'nd h.t:;o! 

r.amps to fL:·I.J c.liilps at!rl vl:;:J v;·r::;.J, r·h:trt :;ubi;JL:;::i.on i:: nnL tJt·c,•s:: .• r·y loti!: 

origin .:Jnd cl.:~~;r-.irutiun point:G ~;lwu.Ld br~ Li.~;tr!d) Flights are for transport 

Deadhorse to Narwhal Island 
Deadhorse to Tolaktavut Point 2 trips each site 

Deadhorse to Cottle Island } 

--~----------- ------ --------~-~-- ---~---·------------~------- ·--. -------~-· --
2. D~sc.ri_oe typt!S ol. ohso?.rva_ti_ons to !),~ rr:dd~. 

NONE 

-· ----------------~------------------------------·-----------····· .... -------------------------- ·------. --·--- ... - --------- . -~--- .... -······ 
J. \-;:1.Jl i.::> the upti~;ur:l t i::nt~ ci1ronulo;-;y u E <)il::i•=•:'J:lt i_o·_;_.; on <1 :::•'oi.;llll;l I. 

is the maximur!l allmvable departure from these opU.:;;ur.t t:Lnc•:;? 
Late July and early September 

. . . . 
[),I;::.; d.!d h'(1 .. il 

l~. Hm.r i::any days of helicopter oper.<1tions an?. requ:ixell <lnd hm-1 nnny flight: IJ(ltl<·~_; 
-per d<1y? At least 2, perhaps 4 

Total flight hours? 5 
·-------------·---------------- --

2 

6. \·,'int: are the \.JL:ig!Jt:s ancl Jime11s:ions of equ:Lpmt~nt: or supplJcs Lu he tr:l:ls:l\>~-l

App-roximately 100 lbs, 2'x2'x3' 

------------------------------------------------·-----
7. Hhat type of helicopter do you recommend for your opernt:ions a;1cl \,·hy? 

No recommendation 

--- ------------------------------------
8. Do you r~com;n.end a particular source for ~he hel icoptcr? If nyc~3 11 pl1>t1:;t:• t::';:;._:o 

tllc source ancl the reason for your reco~I::enclat.il'll. 
No 

--·- ------------ ···- ---------- ------·-··--------------- -- ------- ··- ----- ····------ ------ ·-- -----~--- --- ----· -- ---.--- ------·-- . - ... -- ----- --- . 

Approximately $450.00 

----- --------------------------------------- ---------------·---- ---' -- . --------- '-- --- -- ·--~---- ·--

Deadhorse 

No 
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AIRCRAFT SUPPORT 

Fixed Wing or Helicopter 

1. Proposed transects: 

Pingok to Umiat to Happy Valley to Deadhorse to Pingok 

2. Observations: none 

3. Optimum time chronology: 

Once per week - late July to early September 

4. How many days of flights: 7 

How many hours: 14 

5. How many people: 1 

6. Equipment: 100 lbs., 2'x2'x2' 

7. Recommended aircraft: no recommendation 

8. Recommended source: no recommendation 

9. Cost per hour: $150.00 

10.. Staging point: Pingok or Oliktuk 

11. Special navigation equipment: none 
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Q-.----::-::~~~---~--~;:;7· ·' :-~_J-::·~-~~-:~,-~:._c;i~=;-0-:;_?_0:~( ~~~~-~-~=-~--~--~~~~~ ~-- -_---·. ~--· ---~-- ---~--~- _- .. --- ----· .. 
-·c:··--·\.,h·.tr.:-·:1::;;--y;_;~t-r:-r~'j!ll."'c.:!!lo"tll:.; lur rp!.tr":•..:r!; and :;\lil:;i.:;L,•tt<:l' itt I it•! f i.t_•ld o~t:·•,,·~ 

I 
I 

(TiH~~L~ requi r~::Jo•nu; ::huuld b<:~ bro!z,·n d,l\-111 h:r (.t) !'"~ati.on, (h) v:1 L. .. nd t( p-·c iml, 

(c) nuu:h~r 0f P·~L"SL'nnt.~l p~r dn.y ancl t:otal m:m tlay~; per [h~ri.ud) 

a) Pingok Is., about 40 days 
Deadhorse, about 5 days 

b) Late July to early September 
c) 2 persons for 14 days 

1 person for 20 days 

r---------·--------------------------------------- ---- -------·---------------------- ---------
i 2. Do you recorruaerHl a particular source for th.i.s.~;up:wr.t? J.f "ycs 11 

p]L•.ts,• 
1 the source and th~ rcas.·on for your recommendntion. 
! 

3. 

No 

\,1h.t:.: . is your 
a) $90/day 
b) $40/day 

c:·;Ljt:::;t.vl_ per 
Dead horse 
Pingok 

'1::::m day co~;t for th.i.~: support ;tt en('h loc::Jt__i,tit'? 

Hou did you derive tid'; flr,ure, i.e., \.Jhat port.:i.un n:preseuU; quarLci·:: ;;,1cl \-.'k!t· 
portion represents subsistence <1ncl :i.~; th<~ figure based on ·~st:.".!hlL~;lwd C(lr.:::"cr<:.i.Jl 

rates at the loc;cti.on or on esti:::atcd cost~; to t~stabl:i.sh <.~nd t;:;.dntaiti ;!. fil'lcl 
C3l"Jp? 

a) Deadhorse estimate from past costs 
b) Pingok estimate from NARL experience 
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( i ~I 

l:r·p~ 
::t::rtid2.l, 
~ ,... ~ .r :: 2 n i s ~~~ s , 

Wind speed and 

'I I • 

i';~G I~ 

(Cc:.:-cs, -:od-

direction, 4 locations tape 

Atmospheric Pressure, 
4 locations tape 

estimated 
Volur.~e 
(Vol Ui7'e of 
;;recessed data) 

2560 entries 

~2560 entries 

1 01 

1 01 

Processina and 
Formatinc~done 
bv P. I. 
r\·e~ 0'' v .. , 'J \ 1 :;:, I ltv 

yes 

yes 

Collection 
Pc r· i u cJ 

( '.'A\'-'. " /\.' A - r• - " 
\ j ,~_.,, -~-~ .... r~/ 1 c~..: LG 

approx. 20 July-10 September 

II II II II II 

Nov. 1978 
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XVII. The following provisions are recognized: 

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

2. Quarterly reports will be submitted in sufficient time during the 
contract year to be in OCSEAP hands by the first day of January, 
July, and October, annual reports by April 1. The Final Report will 
be submitted within 90 days of the termination of the contract. 

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

4. At the option of the Project Office the P.I. is prepared to travel 
to the Project Office at least twice during the contract year to re
view 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 accruing 
or 3 month data collection period, unless a written waiver has been 
received from. the Project Office. This does not.apply to report 
requirements (see par. 2). 

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

8. Title for all property purchased with OCSEAP funds remains with the U.S. 
Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts pertaining 
to technical or scientific material developed under OCSEAP funds will be 
submitted to the appropriate Project Office at least sixty (60) days prior 
to release. The release of such .material within a period of less than 
sixty (60) days .shall be made only :with prior written consent of the 
Project Office. News releases will first be cleared with the appropriate 
Project Office. 

10. All publications and presentations of material developed under OCSEAP funds 
will acknowledge BLM/OCSEAP sponsorship. The following standard acknow
ledgement 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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Frank D. Carsey - Publications 

1970 

(with M. Levy, R. Kagiwada, I. Rudnick) Regular flux jumps in the mixed 
state of niobium. Physics Review 4B_, p. 2804. 

(with M. Levy) Apparent superconducting energy gaps in pure niobium and tantalum, 
Pr>oceedings of the Twelfth International Confer>enae on Low :lemperatu:r•e 
Physics. Tokyo: Keigaku Publishing Company, p.273. 

1971 

(with R. Kagiwada, M. Levy, and K. Maki) Apparent two energy gaps in pure 
. niobium, Phys. Rev. 4B, 854. 

(with M. Levy) Mixed state ultra~onic attenuation in clean niobium near H 2: 
· field dependence ql In, Phys. Rev. Lett. 27> 853. c 

1972 

(with M. Levy) Temperature dependence of ultrasonic attenuation in the mixed 
state of pure niobium. PY.oceedings of the l3th Inter>national Confer>ence on 
Low Temperature Physics (to be pub 1 i s he.d) . 

1973 

(with 1'1 •. Levy) Anomalous ultrasonic attenuation in pure superconducting Nb. 
Physics Review 7B. 

A linear zipper array acoustic antenna for probing the wind and structure profile 
of the lower atmosphere. J.A.S.A. (Symposium on Atmospheric Acoustics and 
Noise Propagation, September 1972)(in process). 

(with M. Levy) Mixed state ultrasonic attenuation in pure niobium near the 
superconducting transition (in process). 

1974 

(with D. W. Beran, B. C. Willmarth, F. F. Hall, Jr.) An acoustic doppler wind 
measuring system. J.A.S.A. 55_, p. 334-339. 

1975 

(with A. H; Vanderpol, D. S. ·cove~t, R. J. Charlson a~d A. P. Waggoper) Aerosol 
Chemical Par.ameters and Air Mass Character in the St. Louis Region, Se{ence 
190, p. 570. 

1976 

"The AIDJ'EX acoustic sounder system with some preliminary results. AIDJEX 
Bulletin No. $1. 

1977 

(with Eric Leavitt). 11 Pibal/Acoustic Radar Data in Measurement and Compu
tation of Air Stress over Pack Ice. 11 AIDJEX Bulletin No. 36, May, 1977; 
pp. 87-128. 
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TO: Frank Car-sey -

FRO£~: Gunter l·Te1ler, 

SUBJZCT: Change of' 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
t:NVIRONMENTAL RESEARCH LABORATORIES 
8qulder, Colorado 80302 
OCS Arctic Project Office 
SOG E1 vc•: - Geo-n h•·-r.::i ,..::>] •ns+ *"' ... lJ--t.1 ..... _ ........ _- ...:... __ "'• 

Ul"liV""""r""i"··~ 0 ,.,. Jl1ac::.l~.,. · ..... - _;;:, __ lttJ - ... -.. ~.:. ... c;. 

:iT-air"oanks, AE 99701 . 
January 10, 1978 

519 

In response to your letter o:f·December 21, I accept your 
resignation as Principal Investigator on "Characterization 
o£ the Nearshore Hydrodynamics of an Arctic Barrier La6oon 
System: Heteorological Input, 11 ResGarch Unit 519 (526 B). 
I a.pprov£l the appointoent of Dr. Eric Leavitt of the Polar 
ResGarch Center, Uni vers:i.ty of 1!ashington, and. look for1;;ard 
to rneeting \vi th hj_m at the Beaufort Synthesi~ Heetin::; in 
Barro1:r later this oonth. Please be sure that he has all 
tho information he needs regard.:Lnrr OCSY:;il.P policies and 
p:L"'ocedul."'es. 

\·/e are sorry to lose your participation in OCB&\.P, but look 
for'.'lard to continued contact. I \·!ish yon every success j_n 

.,. h ..... ' your ne1·1 posJ.·;.aon, \·I.t.-erever :r_.... :!'nay oe. 

Ti-!J 

cc: Roy Overst~cet 
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aidjex 
ARCTIC ICE DYNAMICS JOINT EXPERIMENT 

Or. Gunter Weller 
Arctic Project Office 
Geophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 

Dear Gunter: 

December 21, 1977 

I am writing to inform you that I am resigning my duties as Prin~ipal 
Investigator on "Characterization of the Nearshore Hydrodynamics of if1l~ 
Arctic Barrier Lagoon System: Meteorological Input, Research Uni~·s19 
Other personnel in the project will not be changed. 

I do this with co"nsiderable regret since I rema.in strongly interested 
in the physical phenomena of the. region and strongly sympathetic with the 
goals of the OCSEAP study. Subject to your approval, I have asked Or. Eric 
Leavitt of the Polar Research Center of u~~l. to ·become PI for this project. 
Eric has considerable experience in arctic atmo!ipheric boundary layer stud
ies, and can easily perform the requisite dutie.s. It is very likely you. 
will meet him in January in Barrow. Eric will be informally assisted by 
Or. Miles McPhee, also of the PRC, who can contribute considerably to our 
project and to general OCSEAP progress through his familiarity with the 
dynamics of the oceanic mixed layer driven by wind or ice-movement, This 

. is a study area which I feel is yet under-examined in the problem of 
coastal processes in the Arctic. 

I expect to remain active in .polar ·sciences and I am certain that I 
will remain interested in the physics and the fate of the arctic coast. · 
In this regard, please consider me available for any such tasks as proposal 
·review or .recommendation which you feel I could give assistance with. 

Best regards, 

Frank Carsey 
FC:jt 

cc: Roy Overstreet/ 

UNIVERSITY OF WASHINGTON DIVISION OF MARINE RESO.URCES / 4059 Roosevelt Way N.E. Seattl~. Washington 98105 Telephone (206) 543:61)13 SCAN 323-6613 
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PROPOSAL TO 

NATIONAL OCEANIC AND An10SPHERIC ADMINISTRATION 

FOR 

CHARACTERIZATION OF THE NEARSHORE HYDRODYNP.MICS 
OF AN ARCTIC BARRIER ISLAND - LAGOON SYSTEM · 

OCSEAP RESEARCH UN IT NO. : 526 A 

PRINCIPAL INVESTIGATOR: J. B. Matthews 

TOTAL COST OF PROPOSAL: $151,942 

·PERIOD OF WORK: October 1, 1977 to 
September 30, 1978 

INSTITUTION AND DEPARTMENT: University of Alaska . 
Geophysical Institute' 
Fairbanks, Alaska 99701 

June 20, 1977 \ 

Qfi? h&t~rz Date~7? 
T. B. Matthews w"J~ · · 

fGe'ophysical Institute 
University of Alaska 
Fairbanks, Alaska 99701 / · 
Jelephone Number: (907} 479-7477 

! 

A~J SL 2><JL.?d:.. Date /I.Lf77 7 · 
Neta : Sttykey, Busi ne5\ Manager 
Geophysica 1 Institute · 
University of Alaska 
Fairbanks, Alaska 99701 
Telephone Number: (907) 479-7644 

- ~ Date,h•l,.f j(~ f< Y;ifJhL /~ Date trZ~7 
JH-. -=-N=-e_,.,i rr~-:::.tf#la v...,·"'"s-, """"A,.._c_,.t.,_i n-g--=-D ,-:=. r'--ec tor -f-7 1 Ke ·{ffi"~B.Ma the r , V'R'ITffan&ll or for 
Geophysical Institute' -1--: Research and Advanced Stud.)' 
Univer5ity of Alaska ofl?university of Alaska 
Fairbanks, Alaska 99701 Fairbanks, Alaska 99701 
Telephone Number: . (907} 479-7393 · Telephone Number: (907} 479-7282 
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GI 77-93 
C. 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: Mod. No. 9, NOAA Task Order Contract No. 03-5-022-55 
D. Proposed Dates of Contract: October 1, 1977 to September 30, 1978 

II. Principal Investigator(s) 

A. J. B. Matthews, Associate Professor of Marine Science 
Geophysical Institue, University of Alaska, Fairbanks, Alaska 99701 

B. 

c. 

III. Cost of Proposal Federal Fiscal year 1978 

Total: $151,942 

Distribution of effort by lease area 

1. Aleutians 
2. Beaufort Sea - 1 00% 
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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GI 77-93 

IV. Background: The objectives and background of the proposed work · 
were set out in the original proposal; little change in researcn direction 
has been encountered. The background and objectives are repeated here 
for completeness. . 

In order to .assess the probable impacts on the nearshore environment 
associated with the oil and gas developments in the Alaskan Arctic, it 
is necessary to understand the nearshore water mass dynamics. This is 
true whether the developments are from onshore or offshore wells because 
the coastal waters are used as transportation routes in either case and 
will be affected by the construction of docks and wharfs as well as by 
oil spills and blowouts. Even if oil development occurs in deep water 
off the shelf region, the interaction of water masses will ensure that 
nearshore regions will be adversely influenced by offshor.e oil spills 
and related activity. 

The coast of the. Alaskan A~ctic is characterized by a shallow shelf 
region with offshore barrier.islands forming characteristic shallow 
lagoons. The sh'elf waters are believed to interact with lagoon waters 
which derive some of their water from coastal rivers. In winter the 
lagoons are frozen, almost completely. In summer they are ice-free and 
protected from pa~k ice by the barrier islands. Because of the interaction 

. of the.shelf and lagoon waters and because the lagoons are little understood 
and very-productive regions, it is important to characterize their · 
circulation and flushing patterns. 

Simpson Lagoon has been chosen as a fairly typical system to be 
studied in detail. The proposed effort is directed towards understanding 
the hydrodynamics; .other related work will study meteorological and 
biological aspects as well as sediment dynamics.· Some previous work 
with drifters and very short· current meter records has been done in 

, Simpso.n Lagoon (Kinney et. al., 1972) and a few drogue tracks seaward. of 
the Jones Islands have been reported (Wiseman et. al., 1973), but these 
are very cursory studies. Moreover the coastal systems are subject to 
storm surges much larger than the tides (Matthews, 1970) and wind stress 
is k~own to be important in the ice-free season (Matthews, 1971, Wiseman 
et. al., 1975). The response of a lagoon system and the dispersive 
characteristics are still unknown. 

V. Objectives 
. It is proposed to determine, over a three-year period, t~e circulation 
. patterns within a characteristic lagoon system, to estimate flushing times 
and dispersion charQcteri'stics and to attempt to determine the interaction 
of lagoon waters with the offshore waters especially with respect to long
shore flow and flow between the barrier islands. 
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VI. General Strategy and Approach: 

The program is ambitious for so short a period given the problems of 

working in the Arctic. However~ a several pronged attack will be mounted 

and use will be made of the concurrent work of other investigators to look 

at several facets simultaneously. Also because we shall be primarily con

cerned with the summer ice-free season, it was agreed that it was imperative 

to make good use of the first field season so that the second major field 

.season could be carried out fully and the project completed on schedule. 

However because of the late approval to proceed the initial pre-

field-season modeling was not carried out as scheduled and the field season 

was not as complete as had originally been planned. The first field season 

has been redesigned to test the very preliminary ideas and techniques so 

that a more complete model verification can be successfully attempted in 

the second year. 

It is proposed to carry out a detailed literature search on the arctic 

coastal dynamics and estuarine lagoon systems in general. It was originally 

hoped to perform this survey concurrently with the development and adapta

tion of numerical models of the circulation of the barrier island-lagoon 

system. It will now be carried out after the first field season. The work 

of Kinney et al., (1972) and Wiseman et al., (1975) as well as the principal 

investigator's work on arctic storm surge dynamics (Matthews, 1970, 1971 and. 

unpublished manuscript) will serve as a basis for the histor·ical study and 

determination of model parameters. ·The modeling work will start with some 

simple two-dimensional tidal models using continuity and depth-mean current. 

assumptions. We have already developed several different hydrodynamical 

numerical models {Matthews and Mungall, 1972, Matthews, 1972, Mungall and 

Matthews, 1973, Matthews and taevastu, 1975) which could be adapted 'for 
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studying the lagoon system and have several other available to us. For 

. the models, detailed bathymetry will be required especially since the 

bathymetry and current regime form a dynamically balanced system. At 

first we intend to use the standard oceanographic charts of the region 

with refinements as they become available from other works in the field 

(the work of Naidu and Cannon is anticipated to be particularly useful}. 

The modeling program will be carried out sumultaneously at the 

University of Alaska under Matthews' direction and at Texas A & M 

L1niversity under Mungall' s direction. The expertise of both groups will 

be fully utilized and be complementary to eachother. Dr~ Mungal,.s work 

on wind stress-induced mixing in· the lagoon and the wave and tro.jectory 

modeling is described in a separate proposal. The modeling 

in the present proposal is concerned with wind-induced currents, storm 

surge and tidal pumping effects on the lagoon-barrier island system. One 

of the several numerical models available to us has the possiblity of 

adaptation to allow overtopp-ing of the offshore barrier islands during 

large storm surges. It is proposed to modify the model and run some 

experiments to examine the importance of overtopping. 

The University of Alaska is well-equipped to carry out the proposed 

effort with its unique Honewell 66/20 statewide time-sharing computer 

sytem. The uniqueness of the system lies in the extreme distances it 

spans and the equality with which users are treated via the mini-computer 
1 nodes 1

• Since its installation in early 1976, the system has surpassed 

all expectations and the development plan has been moved up one full year. 

The computer was up-graded to a 66/40 in Februdary 1977; a second 

.~6/40 is scheduled to be installed in August 1977. We anticipate using 

all available features including the distant nodes and advanced graphics 
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package. It should be possible to input data directly from the field via 

the node at Barrow (originally planned for July 1977 but now postponed). 

Dr. Matthews has had much experience with time-sharing systems during his 

fellowship year at IBM and has already developed models, bibliographic 

programs and displays for such systems. We have, through· the timely 

assistance of Dr. Weller of the Arctic Project Office, implemented an 

optimised version of the Laevastu-Hansen model as used by Callaway (R.U. 335). 

This model will be used to provide large scale modeling, information on 

multilevel flows, storm surge overtopping and input data for detailed small 

scale models. Models will be refined and developed throughout the proposed 

program as new information from the field becomes available and our under

standing of the system increases. Though it was not possible to 

provide data for use in the detailed planning of the first field 

season, some useful data were culled from the model results of 

R. F. Henry (Henry, 1975) and R. J. Callaway (Callaway, 1976) (R. U. 335) 

both of which use M~tthews' unpublished data as primary input. It is hoped 

to use the data obtained during the first field season and from the N.O.S. 

tide gague to refine the models to give estimates of flushing associated 

with storm surges, considerable effort will be made to present the results 

in compact and clear form using the techniques of computer graphics. 

Wind stress is known to dominate the circulation of the lagoon system; 

hence it is important to know local winds in detail. We aniicipate incor

porating geostrophic winds into the models to simulate specific events for 

which we already have some data. However we shall need local wind data . 

at the same t~me that the current meters and tide gauges are in operation 

in the field seasons. ·we have coordinated our. efforts with those of Dr. Carsey's 
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meteorological study (R. U. 519). We plan to continue to cooperate with 
' . . 

Dr. Carsey to place other instruments at appropriate locations for our 

mutual benefit. The meteorological program is designed to produce gee

strophic wind charts of much greater accuracy than the ones provided by 

the National Weather Service. ·By using actual pressure and wind records 

from the Simpson Lagoon we expect to be able to model the results of real 
\ 

storm surges in the Lagoon. Results to date show that there is a signi-

ficant sea breeze regime during the summer months. The use of the real 

data in the model should allow the importance of the sea breeze to near

shore water movements to be assessed. 

Tidal or sea level data are essential for any nearshore studie~ and 

this is especially true for the very shallow wind-driven waters on the 

Simpson Lagoon .. It was originally intended to install one conventional 

bubbler tide gauge and one submerged Aanderaa gauge. However problems with 

the bubbler gauge prevented its renovation in the short time period avail

able before the first field season. At this writing the Aanderaa gauge 

will be placed in the Lagoon for the first summer se~son. An N.O~S. 

bubbler gauge will operate in Prudhoe Bay. More detailed data on sea sur

face slope is needed to model the surging in the Lagoon. It is proposed 

to install 4 instruments during the second field season. This will give 

a minimal data return on the sea surfa~e slope in the modeled area but still 

not provide redundancy. The meters will be placed to give both longshoie 

and offshore sea~surface slopes along the modeled area boundaries. 

Current.measurements in the gaps between the islands are essential to 
. . 

our understanding of the circulation and flushing regimes. In the first 

season we shall attempt to place three bottom-mounted instruments. Aanderaa 

current meters have been chosen because of their small size, ability to 
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operate under arctic conditions and compatiblity with existing data pro-

cessing systems. In the second season five meters will be installed to 

attempt to measure the flow through all the major entrances and exits to 

the lagoon. This number of meters is small and has no redundancy to allow 

for losses and failures. t Eight current meters is considered to be the minimum 

to allo\: f:r monitoring the inputs and outflows from ·the seward part of ·the 

lagoon. ·Dr. Mungall at Texas A & M wil.l_ request 3 meters to be used in conjunc

tion with the wave program and with the present proposed work. This is the 

best. possible array under budget constraints and should provide sufficient 

data to verify the models. Attempts to borrow additional instruments from 

the OSC pool have been unsuccessful to date. 

Concurrent with the current, sea level and wind measurements we shall 

be taking a few stations with a temperature-salinity profiler. Because 

the lagoon is shallow we expect its waters to be well mixed. However, in 

response to river input, wind stress and storm surges the temperature and 

salinity will vary and may lead to temporary stratification (Wiseman et al., 

1975). Rather than using the expensive, highly accurate deep-sea systems, 

we hope to use a simpler instrument giving accuracies of 0. l°C and 0.1% which 

are adequate for ~ur purposes. The problem arises in finding a suitable 

instrument with digital readout capable of operation under a wide range of 

·salinity and below 0. oc temperatures. For the 1977 field season we have been 

able to borrow an instrument from the Institute of M?rince Science with 
I 

manual deck readout. The instrument may be recalled at any time and in 

any case does not have recording capability. We intend to obtain a temp

erature salinity depth sensor and recorder suitable for shallow water use 

for the second field season if a suitable.instrument can be lo·cated. It 

is expected that we shall be able to use the oceanographic barg~ for our· 

instrument emplacement offshore of the barrier island. However it is not 

. suitable for use in the lagoon and either float planes or helicopters will 

be used. Dr. Mungall will also be taking a number of the temperature-salinity 

576 



and turrent depth profiles and all data will be available to all investigators. Run

off data will be taken from the study' by Dr. Carlson,and we expect to be able to 

obtain the actual gauge data from the Kuparuk River which is the only gauged 

river in the area of Simpson Lagoon.· 

To examine the surface currents upon which oil spills are likely to move 

we p~opose to make surface dfifter drops from helicopters u~ing available 

expertise (Paskausky et.al., 1974, Murphy et al., 1975, Paskausky and Murphy, 

1976). Dr. PaskauskY of the Office of Naval Research will be available at 

no cost to the project to supervise and carry out the drifter program during 

the first field season. We anticipate several drops of four or five clumps 

of drifters into the lagoon with fixing by photography and photogrametry. 

By carrying out a preliminary experiment in the first field season we hope 

to be able to have a full drifter program ready for the second field season. 

This project is being coordinated with the ecological study of.the 

Bt~.rrier Island-Lagoon ecosystem under th~ direction of LGL Limited.· The 

water movement data produced by the models and verified in the field programs 

will be given to the ecological group at the U.B.C. under Dr. C. ·Walter's 

direction. We have discussed, in group meeting~, the type and format of 

data requirements and anticipate changes to our mpdeling and field programs 

as the ecosystem analysis progresses. Our initial work on the wind-driven 

lagoon models has already had an impact on the.field season program for 1977 

and it is expected that further changes will be requested in the first 

part of the new contract period so that we might better provide data useful 

to the aquatic biologists, modelers, nutrient chemists and sedimentologists .• 

. Trave 1 funds to a 11 ow our attendance at the workshops as we 11 as communi

cations funds for coordination with LGL and the other investigators (parti

cularly Dr. Carsey and Dr. Mungall)' have been included in the budget proposal. 
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VII. ·sampling Methods: 

Sea level will be sampled hourly with in situ instruments recording on 
magnetic tape. The tape, (and instrument) must be recovered to extract the 
samp 1 e data. . 

Current speed and velocity and water conducting and temperature will be 
sampled by in situ digital recording meters. The instruments record on 
several magnetic tapes and must be recovered to. obtain the sampled data at ·the 
end of a sample period. Theaccuracy of savronius rotor and vane type sensors 
may be impaired if the' samples are taken where there is appreciable wave action. 
The anticipated problems will be minimized by sampling in the deepest parts of 
the passes and lagoon. If the problem is serious we expect to test the 
feasibility of using ducted orthogonal sensors coupled to the same digita-l 
recorders. · 

VIII .. Analytical Methods 

Aanderaa current and sea level data will be converted to computer
compatible digital format. Existing computer programs and plotting 
routines will be used to extract information· from the data. A harmonic 
analysis will be run on the sea level data and the data corrected for 

·tidal and inverted barometer effects to leave the storm surge record. 
The storm surge records will be examined for correlation with the wind 
components recorded by Dr. Carsey and. with the current components. 

The raw and refined sea level· and wind speed data recovered by the 
above-mentioned procedures will be used to drive the numerical models 
which are being developed as part of the work. The current meter observations 
will be used as verification data for the models. The numerical models 
will then be refined and used to assess the physical locations where 
more verification data is needed so that the next field season may be 

. planned efficiently. · 

IX. Anticipated Problems: 

Problems are anticipated in the field program because of the great 
difficulties in recovering data from in situ instruments in ~ partially 
ice~covered environment. The experiences of the Canadian Beaufort 
Sea Project suggest that considerable redundancy be built into the field 
~rogram ~o t~at when instruments are lost, data from others may be used 
1n subst1tut1on. We have at the present level of funding, built no 
redundancy into our field program and could be unfortunate enough to have 
no useful. data at the end of a field season. There ~ay be the possibility 
that the meters chosen to record in situ current will be aliased by surface 

·waves. Only the analysis of the field data will reveal the extent of the 
problem. A possible solution may lie in the use of ducted current meter 
sensors. Dr. Mungall will use ducted meters (not digitally recording). 
Should the experiment be successful we may convert the Aanderaa sensors to 
the ducted type. · 

We anticipate navigation. problems in locating our sample stations. 
From the R. V. Alumi~k or a float plane we should have reasonable navigation 
available but from _small boats in the lagoon station location will be 
very difficult. The topography is very low affording no good land marks and 
in any event the summer haze and fogs_areextremely common. Some form of 
radio beacon array and portable RDF and echo (depth) sounder may be the 

.solution to the problem. 
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X. Deliverable Products: 

A. Digital Data: 

1. Recorded Parameters: 

Sea level 
Current speed and direction 

2. List of Digital Products: 

Sea 1 evel 
Current speed and direction. 

B. Narrati.ve Reports: 

Historical review of Lagoon hydrodynamics.· 
Summary of present knqwledge of arctic lagoon hydrodynamics 
with specific analysis of Simpson Lagoon. 
Report of results of numerical model runs on Simpson Lagoon. 

C. Visual Data: 

GI 77-93 

Depth mean current plots under typical selected conditions •erived 
from numerical models. 
Comparative plots of time-series of current speed and direction, .sea 
level, barometric pressure and wind components from actual field 
observations (if any). 
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D. Other Non-Digital Data: 

Estimates ~f flow rates in inter-island gaps~ 
Estimates of flushing times under various typical conditions 
ih 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 longshore currents, wind stress and river runoff . 

. E. Data Submission Schedule: 

Digital current and sea level data will be submitted within 
90 days of recovery of the instrument~ 

Data Products Schedule Attached 
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D::.ta 7;{~e 
{ie. !r.tcl·tidal, 
Genthic Organis~s, 
etc.) 

Sea level 

Curre.nt speed 
& direction 

Sea level 

Current speed 
& direction 

.. . .. 
,•,(?Q 1 il 

( C:.: n::·s, cod
ir::J sheets, 
tapes, disks) 

tape 

tape 

tape 

tape 

Data Products Schedula 

Estir.1ated 
Vol un~e 
(Volltme of 
processed ·data} 

750 samples 

2250 samples 

3000 samples 
' 

3750 sampels 

OCSEAP 
Forn~a t 
(If knm·m) 

015 

015 

015 

015 

Processing and 
Fm·Jaating done 
by p. I. 
(Yes or No) 

Yes 

Yes 

Yes -

Yes 

Collection 
Pm··iod S:..:~;::i~-:··:m 

(~lonth/'r'eor to i·!on Ui/Yc~·l~) (i-i:..n th/. ~~t) 

8/1/77 - 8/30/77 l/78 

8/l/77 - 8/30/77 1/78 

8/l/78 - 8/30/78 l/79 

8/l/78 - 8/30/78 l/79 
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XI. Information Required from other Investigators: 

Wind speed and direction 
Barometric pressure at stations along the Alaskan Beaufort Sea 
from Dr. Carsey. 
River runoff datafrom Dr. Robert Carlson. 
Temperature salinity and current profiles in Simpson Lagoon from 
Dr. Mungall (if any). 
Sea level records from the Alaskan Beaufort Sea from National 
Ocean Survey. 
Bathymetry updates and coastline changes for Simpson Lagoon and 
surrounding area from Drs. Barnes and Hopkins (U.S.G.S.) and 
Drs. Naidu and C~nnon (if any). 
Current and temperature salinity data off shore of the Simpson 

_Lagoon from Dr. Aagard. 

XII. Quality Assurance Plans 

The.numerical models generated under this task order will be 
verified as far as possible with field observations·. Any model output 
will be released with a statement as to whether or not it is verifi.ed 
and to what the results of such verification imply about the accuracy 
of modeled output. · · 

Field observations will be carried out as far as possible with 
calibrated instruments and the known accuracies will be given with 
the data. 

XIII. Logistics Requirements. (See attached form) 

Float plane used for setting current meters and in situ tide guages 
in Simpson Lagoon for 3 days at the beginning and end of· each field season, 
July and end of August. 

Float plane one day per week during August to take a station array 
within the Simpson Lagoon. 

Boston Whaler with windshield and spray cover daily during the month 
of August at the ARCO dock for daily sampling with hand held profilers. 

Alumiak at the beginning and end of August to run a sampling grid 
outside the lagoon to the ice edge.-
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Logistics Support A1 

STATION LOCATIONS 

Code N. Latitude W. Longitude Depth 
Feet Meters 

PRB 13 B 70° 22.0 1 148° 8.2 1 3 0. 91 
c 70° 22.6 1 148° 7.6 1 7 2.13 
D 70° 23.3 1 148° 7 o 1 I 13 3.96 
E 70°24.0 1 148° 6.5 1 15 4.57 
F 70° 24.7 1 148° 5.2 1 16 4.88 
G 70° 25.3 148° 5.2 1 20 6.10 
H 70° 26.0 1 148° 4.5 1 20 6.10 
I 70° 26.6 1 148° 4.0 1 23 7. 01 
J 70° 27.9 1 148° 3.4 1 23 7. 01 
K 70° 27.9 1 148° 2.8 1 18 5.49 
L 70° 28.6 1 148° 2. 1 1 20 6.10 
M 70° 29.2 1 148° 1. 61 26 7.92 
N 70° 29.9 1 148° 0.9 1 33 ·10.06 
0 70° 30.5 1 148° 0.3 1 43 13.11 
p 70° 31.2 1 147° 59 • 7 I 50 15.24 
Q 70° 31.9 1 147° 59.0 1 50 15.24 
R 70° 32.4 1 147° 58.3 1 

s 70° 33 • 1 I 147° 57.7 1 
PRB 28 A 70° 18.8 1 148° 24.6' 2 . 61 

B 70° 19.5' 148° 24.1 I 7 2.13 
c 70° 20. 1' 148° 23.5 1 7 2.13 
D 70° 20.7' 148° 23.0 1 7 2.13 
E 70° 21.4 1 148° 22.5 1 4 1. 22 
F 70° 22.0 1 148° 21.9 1 3 . 91 
G 70° 22.7' 148° 21.2 1 4 1.22 
H 70° 23.4 1 148° 20.5 1 5 1. 52 
I 70° 24.0 1 148° 19 .. 7 I 8 2.44 . 
J 70° 24.7 1 148° 19.1 1 12 3.66 
K 70° 26.0 1 148° 18.1 1 22 6.71 
M 70° 26.6 1 148° l7.5 24 7.32 
N 70° 27.2 148° 16.9 1 24 7.32 
0 70° 27.9' 148° 16.2 1 17 . 5.18 
p 70° 28.6 1 148° 15. 51 15 4.57 
Q 70° 29.2 1 148° 14.8 1 25 8.62 
R 70° 29.9 1 148° 14.2 1 39 9.14 
s 70° 29.5 1 148° 13.6 1 38 11.58 
T 70° 31.:2 148° 13. 0' 46 14.02 
u 70° 31.9 1 148° 12.4 1 48 14.63 
v 70° 32.4' 148° 1 i ~8 1 55 16.76 

sm 10 c 70° 24.0 1 148° 32.0 1 9 2.44 
SIM 11 c 70° 24.0' 148° 32.6 1 8 2.44 

D 70° 24.7 1 148° 32.9 1 13 3.96 
E 70° 25.3 1 148° 31.4 1 18 5.49 
F 70° 26.0 1 148° 30.7 1 21 6.40 
G 70° 26.6' 148° 30.1.' 24 7.32 
H 70° 27.2 1 148° 29.4' 26 7.92 
I 70° 27.9 148° 28.8 1 ·28 8. 53 
J 70° 28.6 148° 28.2 1 27 8.23 
K 70° 29.2' 148° 27.6 1 19 5.79 
L 70° 29.9 1 148° 27.0 1 26 7.92 
M 70° 39.5 1 148° 26.4 1 37 11.28 
N 70° 31. 11 148° 35.8' 42 12.80 
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STATION LOCATIONS 

Code N. Latitude H. Longitude Depth 
Feet Meters 

SlM 11 0 70° _31.8 1 148° 25.2 1 50 15.24 
p 70° 32.5 1 148° 24.6 1 54 16.46 
Q 70° 33.2 1 148° 24.0 1 61 18.59 

SlM 12 C 70° 24.0 1 148° 33.2 1 5 1. 52 
SlM 13 B 70° 23.9 1 148° 34.3 1 3 0.91 
SlM 29 A 70° 25.2 1 148° 47.0 1 3 0. 91 

B 70° 25.9 1 148° 46.3 1 5 1. 52 
c 70° 26.6 1 148° 45.6 1 9 2.74 
D 70° 27.2 1 148° 45.0 1 11 3.35 
E 70° 28.0 1 148° 44.4 1 14 4.27 
F 70° 28.6 1 148° 43.7 1 19 5.79 
G 70° 29.2 1 148° 43.1 1 31 9.45 
H 70° 29.8 1 148° 42.5 1 39 11.89 
I 70° 30.6 1 148° 41.9 1 44 13.41 
J 70° 31.2 1 148° 41.2 1 44 13.41 
K 70° 31.8 1 148° 40.7 1 38 11.58 
L 70° 32.4 1 148° 40,1 I 50 15.24 
M 70° 33.01 148° 39.51 57 17.37 

SlM 52 A 70° 28.2 1 149° 3.9 1 5 1. 52 
B 70° 28.5 1 149° 3.61 6 1.83 
c 70° 28.8 1 149° 3.3 1 8 2.44 
D 70° 29.5 1 149° 2.7 1 3 0. 91 
E 70° 30.1 1 149° 2.0 1 23 7.01 
F 70° 30.7 1 149° 1.41 30 9.14 
G 70° 31.4 1 149° 0.8 1 34 10.36 
H 70° 32.1 1 149° -.21 38 11.58 
I 70° 32.8 1 148° 59.8 1 42 12.80 
J 70° 33.4 1 148° 59.0 1 43 13.11 
K 70° 34.0 1 148° 58.4 1 50 15.24 
L 70° 34.7 1 148° 57.8 1 54 16.46 
M 70° 35.3 1 148° 57.1 1 53 . 16.15 
N 70° 36.0 1 148° 56.4 1 32 9.75 
0 70° 36.61 148° 55.7 45 13.72 

SlM 67 A 70° 29.8 1 149° 15. 11 3 . 91 
B 70° .30. 31 149° 14.7 1 7 2.13 
c 70° 30.8 1 149° 14.2 1 7 2.13 
D 70° 31.3 1 149° 13.7 1 3 . 91 
E 70° 31.8 1 149° 13.2 1 15 4.57 
F 70° 32.4 1 149° 12.6 1 15 4.57 
G 70° 33.1 1 149° 12.0 1 36 10.97 
H 70° 33.8 1 149° 11.5 1 31 9.45 
I 70° 34.4 1 149° 10.8 1 36 10.97 
J 70° 35,1 I 149° 10.2' 39 11.89 
K 70° 35.8 1 149° 9.5 1 51 15.54 
L 70° 36.4 149° 9.0 1 60 18.29 
M 70° 37.0 1 149° 8.2 1 56 17.07 

SlM 67 N . 70° 37.6 1 149° 7. 71 44 13.41 
0 70° 38.3 1 149° 7.2 1 50 15.24 
p 70° 38.91 149° 6.5 1 58 17.68 

SlM 83 A 70° 31.4 1 149° 27.2 1 6 1. 83 
B 70° 31.8 1 149° 26.7 1 7 . 2.13 
c 70° 32.3 1 149° 26.2 1 9 2.74 
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STATION LOCATIONS 

Code N. Latitude vJ. Longitude Depth 
Feet Meters 

c zoo 32.3 1 
. 149° 26.2 1 9 2.Z4 

E zoo 33.4 1 149° 25.1 1 22 6. 71 
F zoo 34.1 I 149° 24.5 1 32 9.Z5 
G zoo 34.Z 1 149° 23.9 1 38 11.58 
H zoo 35.3 1 149° 23.3 1 42 12.80 
I zoo 36.0 1 149° 22.6 1 45 13.72 
J zoo 36.Z 1 149° 22.0 1 50 15.24 
K zoo 3Z.41 P9° 21.3 1 55 16. Z6 
L zoo 38.0 1 149° 20.Z 1 55 16. Z6 
M zoo 38.Z 1 149° 20.1 1 56 lZ. oz 
N zoo 39.2 1 149° 19.6 1 59 1Z.98 
0 zoo 39.9 1 149° 18.9 1 60 18.29 

SlM 9Z A zoo 30.8 1 149° 39.0 1 4 1.22 
B zoo 31.5 1 149° 38.3 1 6 1.83 
c zoo 32.1 I 149° 3Z.Z 1 z 2.13 
D . zoo 32.8 1 ~149° 3Z.01 6 1.83 
E zoo 33.5 1 149° 36.4 1 5 1.52 
G zoo "34.2 1 149° 35.8 1 21 6.40 
H -zoo 34.9 1 149° 35.1 1 35 10. 6Z 
I zoo 35.6 1 149° 34.4 1 44 13.41 
J zoo 31.1 I 149° 33.9 1 46 14.02 
K zoo 31.8 1 149° 3_3.2 1 46 14.02 
L zoo 32.4 1 149° 32.6 1 4Z 14.33 
M zoo 33.2 1 149° 32.0 1 51 15.54 
N zoo 3~.8 1 149° 31.3 1 55 16. Z6 
0 zoo 34.6 1 149° 30.6 1 56 lZ.OZ 

Sli-1 105A zoo 29.8 1 149° 48.4 1 3 . 91 
B zoo 30.5 1 149° 4Z:8 1 6 1.83 
c zoo 31.1 1 149° 4Z.l 1 z 2.13 
D zoo 3l.Z 1 149? 46.5 1 8 2.44 
E zoo 32.4 1 149° 45.9 1 z 2.13 
F zoo 33.1 I 149° 45.2 1 z 2.13 
G zoo 33.Z 1 149° 44.Z 1 4 1. 22 
H zoo 34.4 1 149° 44.0 1 6 1.83 
I zoo 35.1 1 149° 43.4 1 33 10.06 
J zoo 35.Z 1 149° 42.8 1 40 12.19 
K . zoo 36.4 1 149° 42.0 1 43 13.11 
• zoo 3Z.01 149° 41.5 1 45 13.72 -
M zoo 3Z~6 1 149° 41.0 1 45 13.72 
N zoo 38.3 1 149° 40.3 1 52 15.85 ; 
0 zoo 38.9 1 149° 39.6 1 50 1s. 24 I 
p -zoo 39.4 1 149° 39.0' 50 15. 2L1 

S1M 104E zoo 32.8' 149° 46.6' 12 3.66 
F zoo 33.1 1 "149° 46.2 z 2.13 

SlM lllA zoo 30.9 1 149° 51.5 1 z 2.13 
SlM ll8A zoo 26.61 150° 4.Z 1 4 1.22 

B zoo 2Z. 2'. 150° 4.1 1 6 1.83 
c zoo 2Z.8' 150° 3. 5' 8 2.44 
D zoo 28.5 1 150° 2.8 1 z 2.13 
E zoo 29.1 I 150° 2.2 1 8 2.44 
F zoo 29.8' 150° 1.61 8 2.44 
G zoo 30.4 1 150° 1.0 I 10 3.05 
H zoo 31 .1 1 150° 0.3 1 10 3.05 
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STATION LOCATIONS 

Code N. Latitude H. Longitude ' Depth 
.Feet Meters 

I 70° 31 .7' .149° 59.8' 10 3.05 
J 70° 32.3' 149° 59.0' 4 1.22 
K 70° 33.0' 149° 58.5' 12 3.66 
L 70° 33.6' 149° 57.8' 17 5.18 
M 70° 34.3' 149° 57.2' 25 7.62 
N 70° 34.9' 149° 56.5' 32 9.75 
0 70° 35.6' 149° 56.0' 35 1 o. 67 
p 70° 36.2' 149° 56.4' 35 10.67 
Q 70° 36.9' 149 11 54.7' 43 13. 11 
R 70° 37.5' 149° 54.1 1 45 13.72 
s ' 70° 38. 1' 149° 54.6' 46 14.0 
T 70° 38.9' 149° 53.9' 46 14.0 
u 70 11 39.5' 149°. 52.2 1 47 14.33 

586 



rur· ut..>Lt.u 1.1::.-::: v"'J· 

I!U !i 
lli ~rTf)fTi1,;-----------

/\n?a of Opc~f'_.!·t-i rjn ~- __ _ 

LeG I STTCS ') '-0.L! ':J ~~·lf="'l·-~, S ---------- --------------., r • ._ {_l·:..::-.:....::..~-

Pledse fi.l: in c1ll ~pc:t::~s or indicate not up~lic.::!ble Ul/1,). U·;e aclditiorrrll ~.:i~~~:~~ .:·; 
neces:;ar·y. 1··~: .. ~;.:'!: l~ne ite11s CC:"C~:-;:"': 1 -:-::;~r.~i-:· ~~:--·:~d 1·-. ·~""""''' !:c 1: 1• ~ r·-.J,,,~n:~ ;:-ei:r 
t.!:?scri bed tJn ti1.-~~e for:-ns. 

IilSTiTUTi:j,'l ___ G..eo.p_h}LS.jcaJ Instit!Jte PR L'iC I PAL I 11'/ EST I G:\TW~ ~_._J!.:..l!C!_t_t_b_e_\J_s _____ .. __ 

A. SiiP·---~~T~~c\j;n ----------- ··-····. ·----- ---
-1--:- Oil i :;-~~;-;~-;--p-r_o_r_Jo--s-~-u.,..· _t_r_a_c-=-k_s_a_n...,d:-:/:-o-·r_s_a_r::_p-=-1-=-i-n_g_!J....,n as, b.'/ I eg, 

Incl!Jde d list of proposed station geog·raphic positions. 
See seperate chart and station list. (attached) ____ ,. _____ _ 

2. Oescr~Je -::ypes of observdl::ions to be r.:aJ.:: on tri:c~-:-:; C!nd/o;-- at edch urid --::Jtion. 
Include a description-of shipboard sampliny operations. Be as specific and co~
prehensive as possible . 

. ~ See attached sheet. 

Ww t is the opt imurn time· chronology of OSservati ons -on al eg cilicrse~-:s-r.1n."!-1Sa""-;-r_;--·-
and \·:hat is the li:aximum allO\~able depurtun; from.these optir.wm times't (i:ey to 
chart pn:rarerl under Item 1· !,>Jhen necessury for clari-ficution.) 

--ll~} -. --=H,.,..'o-.. -.,-r-,10 :,~ 5 

s ::d d
2

a::

0

,; ;~g~::u~ r:dd~:r eac 11 ·1 eg? {rlss-U:TIO vesser·c ru is Tn;iSiJ;:·;a-OT ------',. 
14 knots fol~ NOAA vessels. Do not include running ·t-ilile fn1m pol~t to beg:nnin~ 
poi~! and from end point to port and do not includ2 a w~ather facto1·.) 1 

1

- r· 
::>. 

· ___ 3 _ _9E,Ys each lN- . --------------------------- _____ 

1

1 
Do you consider· you1· investigation to ·be the princ·ipill one fOl~ the op~:l"i:tit.i:1 U:t:s 
l'equiring other activities to piggyback or could you p·igg_yback? I . 

6. 

7. 

Principal Operation · . 
Approximately hO\·J m:-tny vessel hours per day 1-:il-l be requin~d fo:~ youi· cbs~n·,·!t.icn~; 
and must these hours be dudng daylight? Include an estimate of sampling-til;!:.: on 
station and sample processing time betwe2n stations. 

12 hours per day all da~ight hours · 

\~hat equipment and per·sonnel \'/Ould you expect the ship to prov·icre·r·-----------·---

What is the approximate weight and volume of equipment J 

1500 lb. 50 cu. ft. . 
· _____ hydrog~.Q.b_ic winch, wet lab winch operator _ '-'OL! l·.·-l· :~~-~--b_-_~--~-1=--,-1._0_J __ 7 _________ -_:... ____ ---_-___ ---_] 

-----o::,-----,-,,-:-:-
8. \·!ill .Y·"..iur data or emripment 1·equire specic;l hand·l·ino? no if yes, p1c:::~.e I 

descl·1lle: ' "' ·--------

···· -r~:----L_;C~- -~~·:~·: __ ~- ·:~; ~~-\~-2-- 2~-11-: ~ ---r·t:·e--(c-r--6-:lce-, -e-1-~~-~~ 1=-; ~-~_;-=-_~-"' -·o-~:-·r~~~r~-~-;::::.:~/~;=;-·-r-~t--·~.:.~~;-s·.,-----i~~--;~::·,·;s ~;- ·r. ;.:- =--~---i.! :~---~ 

\'CSSl~l i:r,d c:ive. the n~~sr;n fo:- so SP2cif':~~~~;-
Yes RVAZUMIAK shallow draft 'ar~tic'-eq~ipped vessel 
. ---------------...,-----

587 



1~-r:::--- •. , ... :~ ... '!l. -.::.. .. ·~- .. ,,.._ 
pants, -·:ifically identifying any ~-:ho a1·::; foreig.n nationals. 

Dr. J. B. Matthews, (no foreign nationals) 
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LOGISTICS SUPPORT 

A.2 1) Curreot meter or in situ tide gauge 
Station code SIM l04F 

SIM 105G 
SIM 52 D 
SIM 29 C 
SIM 13 B 
SIM 11 C 

GI 77-93\ 

2) Temperature/salinity, current/ .depth profiles observations at 
beginning and end of August at stations accessible to RV Alumiak selected 
from list in Al. · 

RV A 1 umiak cannot enter the l a·goon because of sha 11 ow depths, therefore 
stations outside the lagoon only will be taken from RV Alumiak as ice 
conditions allow. 
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----·-----......... _ .. ",..., ..... ~.,. r-o·r,.•-:;. r :r•'"':'"~ I' . ) .. ---------- ------1 

---~.t. --u~.LL;~-=:4 ~~-~;;;::{~l~~;-:-~-ct·t lli~il t--·~rr;~-;;-z;n. --;·~~I ~~7 c t <> ·;~ r .:!·:~ ~--~-~~-!.~ .. ~ t;~ -~!·. ~ :~ i::~.~~! 1 .t i;_::1 i.: 
altitut.l,:! 0;1 i~.1ch .lta~. (~!otr.~: If fli:~ht:.: ;!r.o for tr.'lnspor:::!tion t•1dy~ d:.1n: 
:;ubmi!>::;ion i!i nor: neces:.;ary but origLn mn.l uest:ln~1t:ion po.i.nt:; ::l!ould fJ,~ li:;r.:•l) 

Weekly flight and taxing by· float plane to service stations within lagoon 

2. 

3. 

_pproximately 50 n. miles from Deadhorse Airport 

Desc!: !,.;,= types o!:: -observations t•> be n.:J::o. 
Set current meters and tide gauges . 
Profiles of temperature/salinity and current in depths up to 8 feet water 

~-;h~~:: i~thc: optf;;,ui:i ti"C:!c chronolo:q ui :l~~;er·:l,-;-ti~on ~i---;,.!,.;:.:z~.~;-"1 b:1.~c:--;-;;"J ·.v·h;t·
is the oa:·:i:-.:ucn allo•../abl~ depactur.:: f.ro\J thesi:': ,);>t.!.l.ln:71 ti:ne::;·? (:(ey to ~t!:Jt:'t 
prepared u~der It~m l when necessary for clacification) 

1-30 August . 5 full days at weekly intervals +2 days 

., 
--------'------ I 

4. Hot..r oany days of flight operation,::; are reauired and hmJ rrm.ny tli~ht ho!!i".--; p~!C d<!y? 
5 full days 1 l/2 hours fliying 3 hrs-taxing 5 1/2 hours anchored 

5. 
Total f1i?,.ht hours? 
Do yc;1 consider your investigation to tho. prinelp2.l one ·fo-rtT;~- f li~ht thu:; 
precluding other activities or requiring other activities to piggyback or could 
you piggyback? Principal 

----···---------·--····------
6. t~hat t.ypes of special equipr.1.ent. are req:..lirr~d for the a:ir.(:t:nft (non cnrry-oil) ·! 

none 
t-!h~~ are the \·7eights, dimensions, pmrer rcquirer:Jeni:s, und :installutio!t proi1 t.:::.:s 
unique to the specific equipment. 

4 meter~ 100 1 bs each, 3 cu. ft., no power required 

----·---.........,... -----· 
8. \-flu;;: t.ype of aircraft is best suited for the purpose? 

Float Plane ------------9. Do you recom:nend a source for the c:!ircrnf:t? 
If "y~.!.~" please name the. source and the reason for yottr recoi.!mt>i1dation

No 

10. \·lhat is the per hour chorter co:;t of the <J:trcrnft'? 

$150.00 

2 

------------------------··- -·------······----------···----·· 

Deadhorse· 
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___,_ .......... ____ ·--·------ ------------. --···-·-···· 
~). t)!;.:\~'"" ... , > .·• •• dl :>< .,~.J l.d :..I.'H'CE 

·--i-. --t.;r1:i't:• :;~:::!·- -:~ ;;-j·i-r·~·{j'l CiZ.i!ir:<l t...>. G;::· r! u.i c ~:-z:·r:.-;--;.iiJ :;u L-t .. !:1~~;:-··:i·r·;~· I h· ~ 
~-"'- .. _., ~·.. -

f i •.! hl :t t". •. t : 

2. 

(Tilt.:~c.: r,..!;.pt.ir~nt':!at::; rdwti.l.d be. bro!(,:.n ,J,:~..rn 'lJ' (;t) !:H:<U.imt, (h) 

. (c) nu;;:b-:r of p~::-::>L'tllll'd p~r day and tot."1l ra<m t!a;~• p .. ·r p.·ri.Jd) 

Dead horse 
27 July -.1 September 

4 people per day 
37 man days 

NARL, Barrow 
26 July - 1 Sugust 

2 people per day 
10 man days 

ea t•:n1! ,;:- p •c t•xl • 

---- ----------------··--· -----
Do you )~er.::orr..menJ il. particular sou-rce for: th:i.s l:>upport? 
the source and the reason for your reco::w::~andation. 

No 

I f .. ~<f':':<• fl 
J -·> 

3. l\!h~1::. is your estir::at~d-r-)e-,.-:r-r.J-~!-n-cl-.~·-~y-c_o_s_t:_for this support <:~-t-e-a-~l-;~i~;(:-;-t·i:.~~-i-··- .. ·--·---
$2960 De.adhorse - Total 
$ 800 Barrow - Total 

Hm.r did you derive this figure, i.e., \,'1Wt portion repr\'.'sents qu:!rtl~r~• .-.~,d \::'i1.:1l. 

portion represents subsistence end is the ficurc bns~d on ~stablished c0==~rcJJl 
rates at the loc.-::.tion or on esti::natcd cosU; to cst.-::.blish and raa:ii1tain ;! i.it~ld 
camp? 

Rates based on 1977 published costs 
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-----a---· ~· ·- ..... ·-·-· _ .. _,, .... ·--·--·----------------- ,, ______ _ 
~:~~ .• :1.\!* =..tH.;{~_;T[C'i P:{t)~~I,E~tS 

--1-. -i-. .--.1.;_;:·"7;-(~:.:::i:;·t .to;~i::>tici- rrot>c~:~~foyou·:·;n-t rci-p-,"tte ~.:::l!er yo7ir-···(>7oj;~7t--:;;;~r-:.:·~~;---

.. t!o-yon vroprise th:lt the probLt:[:lS b~ ~:olv-:~d? (Pr.o·.J!.de. cost •!~tim.1te!i :tid. in-
di.cGt<.! ·.,·hetiwC" ycnt pC'opose l:<!nd.U.n3 tiF• problet:::--; your:;el( "o1· t.Jh,~ther yN: nw:t 
d.-~pr!n~t· on i·:OAA to solve them for. you? 

Problems of installing in situ recorders in shallow water (3-8ft) with 
float plane or boat. We expect to solve our own problems. 
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Gl 77-93 
X IV. Ot; d oo k: 

l. Nature of final resu.lts and data products: 
The final results will be computer plots of ~urrents under 

various combinations of external driving forces accompanies by a 
narrative. The verification field data will be the products. 

2. Significant milestones: 
Completion of the first field season and evalution of the 

effectiveness of our methods. Fall 1977. 
Revision of the numerical models using field data and completion 

of the second field season. Fall 1978. 
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3. Additional major equipment required: 
3 in situ tide guages 
2 in situ current meters 
Profiling digital temperature salinity sensor 
Hard copy graphics printer 

4. Location of future field efforts.: 
Simpson Lagoon region, Beaufort Sea, Alaska 

5. Logistics Requirements:· 

See section XIV 
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XV. Contractual Statements: 

·1. A schedule for data submission for each task order has been, and 

will continue to be, submitted and updated each quarter. 

2. This statement is in accordance with our base contract, and we 

will continue to comply. 

3. See section XIII of this proposal. The University of Alaska will 

continue to negotiate a Voucher Specimen Policy with NOAA/OCS. 

~le wi 11. camp ly with the then agreed to po 1 icy. 

4. See section XV of this proposal. The University of Alaska agrees 

that the Principal Investigators can travel to the Project Office 

at 1 east twice du.rwg 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 Prindpal Investigator. 

5. Data wi 1.1 be provided in the farm and format agreed to by the 

University ~nd NOAA/OCS in the negotiating of the Data Management 

Plans for each of the tasks falling under the jurisdiction of this 

.office. 

6. As per Article 9 of the base contract, the University of Alaska 

agrees to the following: 11 
••• a11 archivable data is to be sub~ 

mitted by the contractor to the Contr·act Oat~ Manaq~~l' \•riUrin 120 

days after acquisition.· Certain data sets such as plankton counts 

or volumes are not ava·ilable until sorting of samples is complete.· 

The data so obtained are archivable 120 days fo'l'lowing tile actual 

sorting or other laboratory procedure ... 
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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 by the Chief Scientist. 

If the Chief Scientist represents the contracts covered by this 

office,. the form will be sent through this office. 

8. This is in accordance with the base contract with which we shall 

comply. 

9. Three copies of all publications or presentat·ion abstl·acts or manu

scripts .pertaining to technical or. scientific matm·ial developed 
I 

under OCSEAP funding wi 11 be submitted to the COTR sixty days: pri ot~ 

to publication or presentation. Copies of a1'1 ne~ts releases mention

ing OCS or using information gathered by OCS funding will be sent to 

the COTR two working days prior to release. 

10. The following acknowledgment of sponsorship wnl be used: 

11Thi s study was supported under contract 03··5-022-56 

between the University of Alaska and NOAJ\, Department 

of Commerce through the Outer Continental Shelf 

En vi ronrnen ta 1 Assessment Program to which funds \'lel'e 

provided by the· Bureau of Land Management, Oepat•tment 

of Interior, 11 
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PUBLICATIONS: 
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FILNS: 

Imperial College Unden·mter Archaeological Expedition to Sicily 
l6mm, 20 min vlith' soundtrack, Nartini International Club 
London, 1962. · 

The M? Tides of Cook Inlet Alaska, 16 m~ 7 min with soundtrack 
University of Alaska~ 1972 (vlith J.' C. H. ~1ungall). 
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Matthe\•ls, J. B., Ebb and flm'l, by A1bert· Defant, J. 1"1ar. Tech. 
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Matthews, J. B., Man's Impact on Terrestrial and Oceanic Eco
systems, W. H. Matthews, F. E. Smith and E. D. Goldberg 
(eds.), J. Mar. Tech~ Soc., 1973. 

Matthe\•Js, J. B., Estuaries: A physir:a 1 introduction·: by K. R. 
Dyer, J. Mar. Tech. Soc., ~(4):44, 1915. 

January 1977 
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PRJPOSAL 

o:SEAP nata Processing Services 

Submitted by: 

The University of ~hade ~sland 

Kingston, Rhode Island 02881 

To: 

The Environmental Research Laboratories -- NOAA 
Outer Continental Shelf Environme~tal Assessment Progra~ 

Bering sea -- Gulf of Al~ska Project Office 
P.O. Box 1808, Juneau, Alaska 99802 

Total Cost of Proposal: $30,000 

Period Coveted: 1 March 1978 - 30 Septemb~r 1978 

Principal Investigator: 

Official Authorized tq 
Commit the University: 

Harold Petersen Jr. 
Pastore Laboratory 
(401) 792-2320. 

William Ferrante 
Vice President for Academic Affairs 
Administration Building 
{401) 792-2447 

or ./I. L (_ )h' ~ 
Off~ce of co!rLinator ~~rch 
Da V1 s Hall 
(401) 792-2635 
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TECHNICAL PROPOSAL 

I. Title: 

OCSEAP Data Management services 

Research Unit Number: 527 (Existing Conttact) 

Contract Number: 03-7-022-3519 (Existing contract) 

Proposed Dates of Contract: 

1 March 1978 - 30 September 1973 

II. Principal Investigator: 

Dr. Harold Petersen Jr. 

Pastore Laboratory 

University of Rhode Island 

Kingston, Rhode Island 02A81 

!II. Cost of Proposal {Federal·Piscal Year 1978): 

Total $30,000 

Distribution of Effort by Lease Area: 

independent of lease areas. 

IV. Background: 

Effort is 

Data management procedures associated with the 

BLM-sponsoreu, NOAA-~dministered program responding to the 

needs of petroleum development of the Alaskan shelf call for 

baseline study data to be submitted to the Bering Sea -·Gulf 
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of Alaska Project Office at Juneau, Alaska (JPO). These data 

are subseq~ently sent to the National Oceanic Data cen~er 

{NODC) for archival and product development. 

The need arose for the application of detailed da~a 

validation steps to this data prior to its formal acceptance 

for .archival.· Checks have been found necessary in the area~ 

of valid Code use, reasonableness of data values (range and 

relational checking), and general form~t adherance. 

During the contract year ending 28 February 1978, this RU 

has begun the task of validating file type 033 data (Ship and 

Aircraft census Marina Birds} , one of several data types 

associated with the program. The work is ongoing, and 

involves extensive code and raw number validation steps as 

well as data reformatting. A summary of these procedures is 

given in Appendix I. The procedure~ followed are. heavily 

influenced by-characteristics found in incoming data, and are 

frequently modified. Consequently, the report given in 

Appendix I should be viewed as a "working document", subject 

to revision. 

The. scope of activities related-to validating file type 

033 data has been greatly expanded during the present contract 

year, prirnarilj in response to characteristics of incoming 

For example, previously unused codes and code groups 

came into use and reguired validation, new range chAcks were 

found necessary on certain data fields, and dew techniques 

were implemented for other types of data field manipulations. 

Pile type 033 data is only one of the file types which· 
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r8quire validation. M~ny others are being carried out at 

NODe. The rapidly expanding scope of activit~es associated 

with this wock represents a significant time and rgsource 

demand on that site not anticipated at program initiation, and 

must be d~alt with to' ensure a smooth flow of validated dat~ 

for use in program product generation. 

v. Objectives: 

It is the objective of this research to provide, within 

budqetary limits, validity checks on and reformatting of file 

type 033 and other types of data submitted to JPO, as well as 

to supply that office with other program products of value in 

terms of the efficient processing of OCSE~P data. 

VI. General Strategy and Approach: 

Introduction: 

Data is received by JPO either in a format unique to the 

Principal Investigator (PT), i.e. an "internal format", or in 

adherance to OCSEAP-designated format acceptable for 

subsequent deli very to NODC ('iNODC format") • 

In the former case, the format may contain, in addition 

to program related data, other data not solicited by the 

program. Also, the codes used for coded data may contain 

extensions which are not part of NODC approvf'!d codes. In both 

cases, data may exceed reasqnable ranges, some segments of a 

multi-segment data field may be missing, invalid data codes 

may be present, or data recotd types may be.incorrectly coded. 
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The task, then, is to ensure that data sent to NODC 

conforms to ap~roved styla in terms of code use. data 

reasonablenAss, an~ format adherance. 

Pile Type 033 Data: 

The steps involved in onqoing work on data of this file 

type are summarized in Appendir I, however a scenario of 

events is provided here in order to more fully describe the 

present day-to-day processing activities. 

Data for several field operations are received on 
tape. The tape is read and the 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 for each field operation. Each is passed 
through the' program CODEPULL which first sorts the 
data by station number, transect type, record type 
(record types 4 and 5 are grouped together in the file 
type 033 format for this purpose), and sequence number 
within each record type. The program than checks each 
code eld of each record type for adherance to 
allowable code~. and also flags cases where required 
card types are not present (for example, card types 1 
and 2 should appear before card types 3, 4, or 5 in 
file type 033 data). Invalid codes and invalid record 
types afe flagged. 

Examination of the flagged records sometimes 
shows that the record type has been incorrectly 
assigned. By inspection, the correct record type is 
discerned, and used with two programs, SETU~CTF an~ 
URUNCTF, to c~ange the record type in the field 
operation file. CODEPULL is again run, and output 
exhibiting invalid codes which require attention by 
the PI is returnej to that site for resolution. 

Data fields are .then range and relationally 
checked (for example, if barometric pressure trend is 
coded,· then barometric pressure must also be coded) 
using the program LOGLIST. Th output is also sent 
to the PI for resolution, and all corrections received 
from the PI are used to update the file with the 
programs EbiTLOG and FLDFILL. The t~o validation 
programs are again run on ~he data, and if no 
additional errors are found, the data are c6nverted 
(if necessary) to acceptable NODC format prior to 
submission. The conversion process is quite 
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elaborate, and involves unit conversions, code 
conversions, data trun~ation, and relocation cf ~ata 
fields within card types or hetween card types. The 
program CONVPROG is used for this purpose. 

If subsequent quality control or processing is 
desired, the data are converted to a MIS data bas3, 
which then makes a variety of procedures, such as 
time-distance checks and plotting routines available. 
Any errors in the data found as a rasult of these 
techniques would he used to update the NODC files 
prior to their submission. 

Work status as· of January 1978 is summarized in Appendix 

II. While considerable progress is expected before the end of 

the present contract year, it is not possible to finish it by 

that time. Thus, it is proposed that this RU continue 

processing file type 033 data already received as well as any 

new data of this type received during the proposed contract 

period. It is estimated that data presently in the processing 

stream will he completed by June 1978. 

·other Bird Data: 

Two additional situations present themselves with respect 

to validation of OCSEAP-related bird data. First, there are 

approximately seven bird data formats presently in use which 

also require validation procedures. Second, the types of 

formats to he used in future field operations is under review 

at the present time, and may indeed result in replacement of 

existing formats with fewer, new ones. 

It is proposed that this RU participate in the validation 

of new and existing data of these types. The task would 

capitalize on expertise and procedures resulting from file 

type 033 work, and assist both JPO and NODC in ensuring a 
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smooth flow of OCSEAP bird data. 

Other Data Types: 

Encumbent upon the OCSEAP program is the coll~ction, 

validation, and analysis of data types corresporiding to a wide 

variety of environmental parameters. One of the types of data 

currently being submitted is that corresponding to marine 

mammals. The data is coded in three file types (025 - Marine 

Specimen Format, 026 - Marine ~ammal Sighting II, and 027 -

Marine Mammal Sighting I}. Approxi~ately 95 data sets have 

been prepared to date. One of the contributing PI's has 

developed data checking procedures for this data type, however 

most of this data has not been fully validated. 

It is proposed that this ·RU provide marine mammal data 

validation for OCSEA~, utilizing, in part, the referenced 

procedures. In this way, advantage can be taken of an 

in-place, generalized data validating scheme together with 

data checking procedures developej specifically for marine 

mammal data. 

VII. Anticipated Problems: 

While no major problems are anticipated in the production 

use of this scheme, it should be pointed out that new problems 

often arise from unanticipated sources. In work carried out 

to date, one of the most celebrated examples has been the use 

of unauthorized bodes by PI's. ihen they are encountered, 

Program authorization must be secured with respect to their 
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acceptance, rejection, or translation before the data sets can 

be fur{her processed. This illustrates how an unanticipated 

event or perhap~ a series of them can hold up processing. It 

is, of course, impos ble to foresee all possible cases prior 

to their occurrence. Events such as these also underscore the 

need for flexibility in ·the system. 

VIII. Deliverable Products: 

A. Digital Data Products: Results of this work will be 

coded in EBCDIC on 9 TK tape in NODe-acceptable format £or 

delivery to NODC and also to the ra~pective PI's. 

B. Visual Data: If desired by JPO, c.ruise tracks, station 

position plots, other graphical displays, or additional 

quality control outputs will be provided. 

:. Data Submission Schedule: Data should have a nominal 

four week turnaround time after delivery from JPO for 

validation c becks, and . :::on version (if necessary) • This 

schedule is subject to the conditions described above. 

IX. Information Required from Other Investigators: 

In order to successfully carry out the proposed research, 

data must be collected by PI's, entered, submitted to JPO, and 

subsequently sent to this site for processing. 

X. Quality Assurance Plans: 

Dy. the inherent design of the data validation steps 

described, no data which does not pAss established criteria 

609 



will appear in products generated in this work. The criteria 

are established in conjunction with JPO and PI 

representatives. Data fi~lds not validated in this process 

are, of course, subject to errors. 

XI. Management Plan: 

The proposer will provide overall coordination of the 

work. He will serve as Principal Investigator, be responsible 

for- all negotiations with the granting agency, conduct 

meetings at which data validation procedures are established, 

direct the activities of other personnel su~ported by contract 

funds, and prepare all Quarterly, Annual, and Final Reports. 

Other personnel will include two pro~rammers and an operations 

manager. The programmers will be responsible for the 

generation and maint~nance of all software aspects of the 

research. The operations manager will be responsible for the 

orderly flow of data through the system, and delivery of the 

validated data to NODC and the respective PI's. In addition, 

both · the programmers and the operations manager will be 

expected to originate their own work assignments in support of 

the overall project. See also the accompanying 

Activity/Mile~tonejData Management Chart (note that this chart 

covers the existing as well as proposed contract periods). 
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XII. Outlook: 

It is expected that the validation procedure~ established 

under the present contract and those anticipated for other 

types of data will b~ required in FY'79. Funding requests for 

FY'79 should not be significantly greater than those in FY'7B, 

increasing only as a function of inflation and small equipment 

changes (perhaps 10-15%). 

Present and anticipated data processing loads can be 

handled within the personnel and equipment framework described 

in_ the Cost Proposal below. However, this load is only a part 

of the entire JPO data flow. Should significant increases be 

made in this load, additional personnel and small equipment 

will be necessary. An increase of one staff member plus 

computer time, small equipment, etc. would cost approximately 

$33 K. 

Other areas of potential increases in activity include: 

design and implementation of optical scanning techniques for 

data entry, establishment of key/:1isk or other equivalent key 

entry service, design and implementation of automated field 

data entry techniques, new products which will aid JPO 

personnel in data management 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 proposed work. 

XIII. Basic Agreements: 

The following statements cover areas of agreement bet~ee~ 
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. ' 

t.he pro nose r and the granting a gene y. 

A. Updated Activity/Milestone/Data Management Charts will be 

submitted quarterly. 

n. Quart~rly Reports will be submitted in suffici~nt time 

during the contract perion to he in OCSEAP hands by the first 

day of January, July, and October, and Annual Reports by 1 

April. The Final Report will be submitted within 90 days of 

the termination of the contract. 

c. At the option of JPO, the PI is prepared to travel to 

the Project Office at least twice du~ing the contract year to 

review project status and progress. Such reviews will be 

scheduled on dates mutually satisfactory to both pa.rties. It 

is understood that costs of the travel and per diem for.these 

trips will be bourne by JPO. 

D. Data will be provided in the form and format specifi~d 

by OCSEAP, ~ccornpanied by a data documentation form (NOlA 

2 4- 13) • 

E. Reformat~ed and/or validated (as necessary) data will be 

made available within approximately one month aftet teceipt 

from JPO or designated source when such procedures are in 

produc~ion status. New procedures will require approximately 

three months to be 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 

manuscripts pertaining to technical or scientific material 
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dev~loped ufider OCSEAP furtds will be:submitted to JPO at least 

sixty days prior to release for information and for forwarding 

to BLM. The release of SIICh material within a period of less 

than sixty days shall be made only with prior wiitten consent 

of JPO. N~ws releases will first be cleared with JPO. 

H. All publications and pre~entaticins of material developed 

under OCSEAP funds will acknowledge BLM/OCSEAP sponsorship, 

using the standard acknowledgment. 
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Activity/Milestone/Data Management Chart 

'RU #: 527 · PI: Harold Petersen ,Jr. -- University of Rhode Island 

1978 

Major Milcston~s M A ~ J J A S 0 N D J F M A M J J A S 0 N D 

Choice of. vali~ation criteria 
for type OJJ data 

Procedures for validation of 
FWS type 033 data operational 

Pr.ocedures for reformatting FWS 
type 033 data to NODC type 033 
format operational 

Quarterly Reports 

Procedures~for validation of 
NODe type 033 data operational 

Typical set-up period for new 
type of data validation and 
refo~matting, including meetings, 
programming, etc. 

Field Operation Status 
Report operational 

Annual Report 

Final Report 

A 

p 

A A A 

<- p -> 

A 

p 

Existing contract 
<-------- Period -------><--

p p 

Proposed 
contract 
Period -> 

P = Planned Completion Date A = Actual Completion Date 

p 

FWS = Fish and Hildlife Service NODC = National Oceanic Data Center 
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APP~NDIX I. 

Data Validation Procedures 
for File Type 033 Data 
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'' 

OCSEAP DATA VALIDATION PROCEDURES 
For File Type 033 

In order to provide data validation for the File Type 033 data from the 
OCSEAP Project, four areas need consideration~ These include card 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 NODC format, the necessary format 
changes must be carried out. 

Card type designation and sequencing, and valid code field.contents 
are checked in a program ca 11 ed CODEPULL. First the ca.rd 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 CODEPULL 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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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 right. A totally blank field is 
indicated by a row of dots and imbedded blanks by an a·sterisk. 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 program 
called CONVPROG. Many different operations are carried out at this point. For 
example, data fields are moved from one place to another 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 equivalent codes acceptable 
to NODC. Figure 5 is a list of the special conversion routines carried out. 

All 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 in 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 1 
File~ 033 Code Groups Validated 

Field FWS Columns NODC Columns 

Card Type 1 
Platform Type 67-68 69 
Ship Activity 70 71 
Sampling Technique 69 70 
Co 11 ect ion Code 72 
Zone Scheme 73 
Angle of View 74 
Observation Conditions 75 
Speed Type 60 
O.B.S •. Region 28-30 
Observer Location 74 

Care;! Type 2 
Wind Direction 45-46 
Swe 11 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 61 63 
Glare Area 62 64 
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 19, 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/Polyna Location 38 
Collection Code 41,42,43 35,36,37 
Mammal 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 
r~ol t 54 36 
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Figure 1 (cont. ) 

Field 

Counting Method 
Re 1 i ability 
Distance Measurement Type 
Association Type 
Behavior 
Special Marks 
Bird Condition 
Food Source Association 
Debris 
Oil 
Habitat 
Substrate Type 
Caver Code 
Outside Zane 
Text Flag 

Figure 2 

FWS Columns 

55-56 
46-47 
62 
63 

74 

77 

Sample CODEPULL Listing 

CODEPULL consists of two major sections. 

NODC Columns 

42 
43 
44 
50 
56-57 
58 
59 
60 
71 
72 
76,77 
81 
82 
83 

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 Type 11 because the 
Card Type 4 has no sequence number; 11 Bad Sequence Number 11 because the se
quence number field is nat numeric; and 11 Bad Cade 11 because the code entered 
is i nva 1 i d. 

Figure 28 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 cades used and appropriate definitions. For an invalid code the defi
nition is replaced by the record number in which it appeared. This can be 
)een for the Weather Code on Card Type 2. · 
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••••• CJ~~PULL ~•••• 

Figure 2A 
FOR CRUISE F~7032 

fH5 MAR~AP l~FO~~ATlCN SYSTEM OCS~A? - GULF uF ALASKA FRGJtCT 

•** CD02PULL- CRUIS~ FW7032 

033FIH0321 10 7 3 59 52 50Nl492600;i77 05 2 3210 5 . 10r09 1119 6 4 30 
033FW70322 1073 260 2 03 

~ECJRO It 
TYPE 4 II 8~0 C~P.O TYPE --> 

033FW70324 1073 WAY UP SACK SlOE. SE:E FIELD Nt.lTES. 

<!ECGRJ it 4 
TYP'E ~ ... 2 SAD S20l!E~CE ij --> 

033FW70324 1073 Khlli ALL 3 VERY GREY s:.CKS JNC: FEM>~LE W lTH f:.CTCH H; DORSAL HALF 
033F W70325 1013 912'l0106 1 001 0 
03 3Fw70325 1013 9128020301 1 002 c 
033FW7032 5 1073 9129010502 2 003 2 
033FW70325 1073 921e02160l 1 l out 004 0 
033 FW70325 1073 9218C21601 2 4 001 005 0 

033FW70321 1173595130N1492&15w7705232l15 10+09 ll20 b 4 30 
RECCR;J ~ 11 
TYPE 2 ~ 2 SAO COI)c -:-> 033FW70322 1173 25& + 81 2 03 

•• 
033FW70325 1173 9129011302 2 10 20 001 0 
033F"~70325 11 73 9128020301 1 20 002 0 
033F'..J70325 1113 'l129010301 4 10 20 003 0 
033FW70325 ll13 91290106 2 10 20 004 0 

033FW7 03 21 127359500CN1492730W7705232l25 10r09 1118 6 4 30 
033FW70322 12 73 256 .. 84 2 03 
033FPi70325 12 73 9126020103 1 09 20 001 0 
033Fw70325 1213 9129C10301 a 09 20 002 c 
033F'ri70325 1273 9127070301 3 20 003 0 
033FW70325 1273 9109030201 2 61 004 0 
033FIH0325 12 73 91290106 2 20 005 0 

033F ii70321 1373594800N1492715W7705232135 10+09 1118 6 3 30 
RECORD # 2'+ 
TYPE 2 ¥ 4 SAO CCOE --> 033FW70322 13 73 2b5 3. 03 

•• 
033FW70325 13 73 9128020103 4 09 20 001 0 
033FW70325 1373 9129011401 2 09 20 002 0 
033FW70325 13n 9129011302 2 03 003 0 
033FW70325 1373 91290103 3 10 20 004 0 
033FW70325 1373 9129010601 2 03 005 0 

033FW70321 1473594600Nl492715W7705232145 10+09 1116 6 3 30 
033FW70322 1473 220 3 03 
033Fw70325 1473 q 129011401 1 20 001 0 
033FW70325 14 73 9128020301 1 20 002 0 
033F\1170325 1473 912'701 5 20 003 0 
033FW70325 14 73 9128020103 1 20 004 0 
033FW70325 1473 91290103 2 20 005 0 

---------------------------------------------------------------------------------~-------------------~------------~ 
033Fw7032! 1573594430N1492715~7705232155 1 0+09 1118 b 3 30 
033FW70322 1573 •n • 78 3 03 
033FW70325 15 73 9129011401 5 09 20 001 0 
033FW70325 1573 912'l0ll401 9 01 002 0 
033FW7032'> 1573 9218022001 1 00:! 2 
033FW70325 1513 'll26020103 1 20 004 0 
033FWN325 15 73 9129011302 2 09 20 005 G 
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Figure 28 

. ~ECOii.O TYPE 

CCO! FIELD: PLATFORM TYPE - ~C6Cil:691 

CODES 
BLANK 

FOR CRUISe FW70JZ 

2219 TOTAL t<!;CORCS 

277 TYPE l RECQr<ns 
217 TYPE 2 Ri'!COROS 

0 TYPE 3 R:CuROS 
6 TYP:: 4 RECuR OS 

1659 TYPE 5 RcCO'I.OS 

0 R:OCOROS WITH AN 
I NV ALl D TYPE 

COO: FIELD: SAMPLING TECHNI~UE - NOCCI1:701 - FHSil169l 

CDOcS 
BLANK 

CCMMENT 

CCOc Fi2LD: SHIP ACTIVITY - NGOCI1:711 

CCOES 
BLANK 

COMMENT 

CCDE FIELD: COLLECTICN CODE fPHCTOS TAKEN! - NJUCI1:72l 

CCOES 
BLANK 

CCIU•IENT 

CCDE FIELD: ZONE SCHEME (TRANSECT WICTHI - N00Cll:731 

CODES 
BLANK 

COI'MENT 

CCOE FI~LD: ANGLE OF VIEW- NGDCI1:741 

CODES 
BLANK 

CG14MENT 

CODE FIELD: CSSERVAT[ON CO~OITICNS - NOOCll:751 

CODES 
4 
3 
~ 
7 
6 
5 
"!LANK 

CCMMENT 
AVERAGE 
PCQR 
MARGINAL 
EXCELLENT 
GOOD 
FINE 
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Figure 28 (_cont.} 

cc:c:s. 
SUNK 
31 
14 

305-314 DEG. 
1"!5-144 DEG. 

CG~E F!E~O: SEA ST~Tc - ~wDCI2:49l 

COC:ES 
~ 
3 
4 
1 
0 
8LAM< 

CC"'IE!'<T 
31"0CTI-l-iMAVt:LET 
SLIGHT 
I'COERH: 
CJL1'1-RI~PLED 
CAL!o'-GU.SSY 

ceo: FieLc: wl~C & SW~LL ~I"ECT!CN- NGCCI2:45-46lt2:50-5ll 

CCDES 
8LA:-lK 

CCCE Fl~LC: WEATHE~- ~ODCI2:55-561 - FhS(2:16-171 

COQES 
03 

0 
l,t:l 
00 
71 
61 
41 
43 

CCHM<:NT 
CLOUDS G~NERALLY FC~MING 0~ OEV2LJP!XG 

*~• oooo11 oooo24 oooo4S OJ005l oouo90 ooo121 
RAIN OR DRIZZLE AND SNOW, SLlGHr 
CLOUD D!:V.:LCP'IE!'<T NOT OBSeRVED Oil. .~uT Oi:!SI::kVA8LE 
CCNT!NUOUS FALL OF SNOW FLAKES, SliGHT 
RAt~, NCT FREEZING, CONTINUOUS, SL!GHT 
FCG OR ICE FOG IN PUCHcS 
FCG OR ICE FOG, SKY INVISI6LE, THinNING OURING LAST HOU;;. 

COCE F!FLD: CLOUD TYPE - NCOCI2;57J 

CCDES 
!!LANK 
3 

CCM~ENT 

ALTCCU~ULUS 

CCD! FIELD: CLOUD AMCUNT - NOOCIZ:581 

CODES 
BLANK 

COMMEN 

CODE FIELD: ·WATER COL~R - II.CDCIZ:591 

CODt!S 
BLANK 

COI>!McNT 

CCOE FI~LDI VISIBILITY- NOOC(2t6ll - FWS12tl8) 

CODES 
BLANK 

CODe fiELD: CO~P~SS DlR!CTICN ISUNl • NCCCIZ:6ZI 

CODES 
BLANK 

CO"'McNT 

CCOi FIELOI GL~~! INttN~lTY- NJOCI2:631 - FWSI2:bll 

CODeS 
8LHIK 

CCCE FIFLD: GL~~c ~REA- NGCCIZ1b41 - FWSI2:bZI 

CCO!:S 
B!.AII.K 

COMMENT 
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Figure 3 
Limits and Relational Checks 

Note: Entries apply to both FWS and NODC unless otherwise noted. 

Card ~l 

Longitude should be between 120 and 180 degrees. 
Hemi.sphere should be 11 W11 and Time Zone 11+11

• 

Date: Day between 1 and 31, month between 1 and 12. 
Time: Hour between 0 and 23~ minutes between 1 and 59. 
Elapsed Time should be between 0 and 30 minutes. 
FWS Heading between 0 and 359 degrees. (NODC between 00 and 35). 
FWS Sp·eed between 0 and 15 knots when platform type is ship. 
FWS Speed greater than 5 knots when transect type is 71. 

Card~£ 

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 -l0°C and +70°C. 
Wet Bulb Temperature should be less than or equal to Dry Bulb Temperatu~e. 

- Temperatures are also checked for signs, numerics, and leading zeros. 
Barometric Trend should not be coded when Barometric Pressure is blank. 
Salinity between 20°/oo and 34°/0o. 
Thermocline Depth between 0 and 100 meters. 

Card ~l 

Excess Sediment, Ice Algae, or Other Features fields should· be blank. (FWS only). 

Taxonomic Code between 88 and 92~ 
FVJS Direction pf Flight between 1 and 12 o' c 1 ock ( NODC between 0 and 35 degrees). 
FWS Begin Zone should be less than End Zone. 
FWS Begin Zone and End Zone between 0 and 30 when Transect Type is 71 or 78 

(unless BZN coded 97-99). 
FWS Begin Zone and End Zone between .0 and 60 when Transect Type is 70 or 77 

(unless BZN coded 97-99). 
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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 4B is a page from the data listing of Card Type 1. Blank data 
fields are depicted by a series of dots as in the 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 CRU(SE FW~032 

CALL F(LE **~***** 

CARD TYPE 1 

THE MARMAP INFORMATION SYSTEM QCSEAP - GULF OF ALASKA PROJECT 



*** LPGliST - C~UISE FW1032 - CALL FILE ********- CARD TYPE 1 

AC~C~Y" DEFINITICNS 

SH STATIC:t.l 

LAT ST~RT LATITUCE 

LC~ STtRT LrNGITUOE 

O~G OEG~E~S fSUBFIELD OF LONI 

CAT CATE - YYMMOO 

CAY CAY lSUP.FIELD OF CATI 

~r~ ~r~TP CSU~FIELO OF OATI 

TIM Tl~E - ~HP~ 

~OR Hr.U~ fSUBFIELC CF TIMI 

,1~ HIN~TES lSURFI~LC CF TIMI 

LTI) ENC UT ITUCE 

LI'<G !'NO LCNGITUDE . 

~LT ELAPSED TI~E 

llS TI~E ZCNE SIGN 

TZN TIME zrN~ NUMBER 

SPQ SPEEC MAOE GCOO 

~FO CCURSE HADE GCOO 

HGT ~F.1CfT OF CBS. EYES (AB~VE SEAl 

PLT PLATFCPW TYPE 

S~P SA,FLING TEC"NlOUE 

ACT SHIP ~CTIVITY 

PPO PHCTfS T~~EN 

TAW TPAN5ECT WIDTH 

~~r, A~GL~ OF VIEW 

CPC CBS~PV~T1C~ CONOIT1CNS 

015 DfSTA~CF. MADF GOr.O 

lo!TP 

TPN 

... 

I 

AC~C~YH OEFINITtCNS 

WATCP TYPE 

TRA~SECT WIOHl 

SPECI~L CHARACTERS 

INC ICHES A COOE. FIELD 

INC !CATES A eLANK CHARACTER IN .A FI ELO 

11\:CICATES A TCTALLY BLANK FIElD 

¥IELO IS LISTED IN T~E DIAGNOSTICS IF NJN-BLANK 
lCATA WOUl~.OTPERWISE NOT FIT ON ONE LINEI 

-n ..... 
tO 
s:: 
"'S 
('[) 

~ 
)::> 

(1 
0 
::::l 
c+ . -



*** LOGLIST - CFliSE FW70~2 - CALL FILE ******** - CARD TYPE 1 

52 

53 

54 

55 

56 

57 

5B 

60 

~ 61 
-...! 

f2 

63 

64 

l:5 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

71 

s 
T 
A 

L 
~ 

T 

L 
0 
N 

D 
A 
T 

T 
l 
M 

*7279 56535AN 1523~30W 770528 1~50 

+7379 5654CRN 1523518W 770528 2000 

*7478 565537N 15?.345BW 17C528 2010 

*7578 565712~ 1523446W 770528 2020 

*7679 565650~ 1523508W 770528 2030 

+7779 570022N 1523530W 770528 2040 

+7878 57015~N 15235~4W _770528 2U50 

•7~7B 5703C8N 1523712W 770528 2100 

*8C79 570418N 1523B23W 770528 2110 

t8178 570546N 152394CW 170~~8 2120 

*8279 570706N 1524106W 770528 2130 

*8378 570830N 1524236W 770528 2140 

•8479 571000N 1524044W 770528 2150 

•8578 571116N 1524524W 770528 2200 

*8678 571242N 1524648W 770528 2210 

+e777 5717C7N 1525048W 770529 0400 

*8873 571448N 1~25027W 770529 1737 

*BG73 571310N 1525025W 770529 1747 

•9C73 571124N 1525028W 770529 1757 

+9179 570942N 1525030W 770529 1807 

*9278 570757N 1525100W 770529 1817 

•G378 57Ch12h 1525200W 770529 18?.7 

*~479 570315N 1525250W 770529 1037 

*~578 570255N 152532~W 770529 1847 

*9678 570114N 1525345W 770529 1857 

•~77~ 565925N 1525345W 770529 1907 

L 
T 
D 

....... 

....... 

....... 

....... 

....... 

....... 

........ 

....... 

........ 

L 
N 
G 

........ 

........ 

......... 

........ 

E T T S 
L Z Z P 
T S N D 

H H 
E G 
D T 

P S A P T A 0 D 
L H C H ll N e I 
T P T 0 \0 G C S 

• • • 6 

10 + 09 **9 36 **8 • • • 6 

10 + 09 **9 36 **8 • • • • 7 

10 + 09 **9 35 **8 • • • • 7 

10 + 09 **~ 35 ~•a • • • 7 

10 + 09 **9 35 **8 ••• • 7 

10 + oq **9 33 **8 • 7 

10 + 09 **9 33 **" • 7 

10 • 09 **9 33 **8 • • 4 

• • 4 

10 + 09 **9 33 **8 . . . • 4 

10 + 09 **9 33 **8 • • • • 4 

10 + 09 **q 33 **8 •• • • 'j .•••• 

•••••••• 10 • 09 **~ 33 **A • 

•••••••• 10 + 09 **9 33 ~•a • • • 5 

20 + 09 **0 **4 • • • • 7 

10 + 09 *10 18 **4 • • 5 

10 + 09 *10 18 ~•4 • • 5 

10 + 09 *10 18 **4 • 5 

10 + 09 *10 1q **4 • • • 5 

........ 10 + oq •10 19 **4 . . . • • • 'j 

10 + OG *10 19 **4 • • 5 

10 + 09 *10 19 ~*4 • ~ 5 

10 • 09 *10 IC~ • • • • 5 

10 + 09 *10 19 **4 . . . • 5 

10 + 09 *10 18 **4 • • 5 . ' .. 

W T 
T R 
p N 

• "'30 

• *30 

•• 30 

• *30 

• *-30 

• *30 

• c=Jo 

*30 

• "'30 

• It 3 0 

. * 30 

. * 30 

*30 

• *60 

• ~' 30 

• *30 

.... 30 

• :t 30 

.• * 30 

• *30 

• *30 

•• 30 

•• 30 

"'T1 ...... 

DIAG~!OSTICS 

* HEO FIELD OUTSIDE * 

* HED FIELD OUTSIOE * 

* HEO FIELD OUTSIDE * 



Figure 5 

Conversion Routines 

Card ~l 

Latitude - convert tenths of minutes to seconds and add hemisphere. 
Longitude - convert tenths of minutes to seconds. 
Date - add decade in year field. 
Speed - tenths of knots to whole knots. 
Course - truncate three digits into two digits. 
Height of observers eyes - convert feet to meters. 
Observation conditions - move from card type two to card type one. 
Platform Type - convert FWS code to NODC code. 
Ship Activity - convert FWS code to NODC code. 

Card~ _g_ 

Bottom Depth - convert fathoms to meters. 
Barometric Pressure - truncate leftmost digits. 
Swell Height - tenths of feet to whole meters. 
Wind Direction - convert degrees to NODC code. 
Temperatures -·move signs to a position adjacent to digits. 

Card ~1 

Collection Code - convert FWS code to NODC code. 

Card~.§_ 

Taxonomic Code - blank fill trailing doublets. 
Time - convert tenths of minutes to whole minutes. 
Direction of Flight -convert clock position relative to ship to degrees 

and add Course Heading from card type l for com~ 
pass direction. 

Association Type ~ convert FWS code to NODC code. 
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*** FIELD OPERATION SfATDS REPORT ~++ 

~S OF 01/18/78 

THE !ABMAP INFORMATION SYSTEM OCSEAP - GULP OF ALASKA PROJECT 

COLUM~ HEADING DEFINITIONS: 

TAPE NUMi!ER -

DATE RECEIVE!) -

PILE I'OI!IIAT -

CRUI;:iE Nli.I!E -

CODEPULL MAILED -

lOGLIST ~AILED -

IDEUTIPYING NUMBER ASSIGNED TO THE TAPE AS IT IS RECEIVED BY UU 527. 

DATE TH~ TAPE WAS RECEIVED BY RU 527. 

FORilAT IN WHICH THE DATA Oil THE TAPE HAVE liEEN CODED •. 

NAME ASSIGNED TO THE FIELD OPERiTION BY TilE PRIICIPIL INVES£IGITOR, 
"PW" CBDISBS FROM DR. CALVIN LENSINK; "UCI" .CRUISES FROM DB, GEOiGE HUNT: 
"il" CRUISES l'ROII DR. JOHN WEINS; 11 UC" CRUISES FROI'I Dd, JUAN GUZMAN. 

DATE THE OUTPUT FROM THE QUALITY CONTPOL PROGRAM "CODIPDLL" ~AS 

MAILED TO THE PRinCIPAL INVESTIGATOR FOR CORRECTIONS, 

DATI THE OUTPUT P90M THE QUALITY CONTPOL P~OGRAM "LOGLISTH WAS 
MAILED TO THE PRINCIPAL INVESTIGATOR FOR CORRECTIONS. 

CODIPULL &ETUaNED- DATE THE CORRECTED OUTPUT FRO~ "CODEPULL" WAS 91CEIVED BY BU 527, 

LOGLIST RI::TURNE!l- DATE THE CORRECTED OUTPUT FROM.t1LOGLIST 11 liAS RECEIVED BY CIU 527. 

EDITLOG CO~PLETE - narg THE COhBECfiONS WEIE ftiOE TO THE CRUISE AT RU 5~7, THHJUGH THE USE 
OF AN INTRBACTIVE PBOGBAM "EDITLOG 11 , 

FINAL CHECK - DATE THE CRUISE WAS READY FDA CONVERSION TO NODC FORdA£, 
OCCISJOIALLY ADDITIONAL PROBLEMS ARISE AllEN "CODEPULL" AND "LOGLIST" 
A!lE RERflN AF'flil EDITING, IP TUESE: CANNOT BE RESOLVED OVEil Tilt: :r.t:LE
PHONE TH! LISTINGS AlE SENT BACK TO THE Pl FOR FURTHER CO~REC!lONS, 
TillS FIELD IS NOT FILLED IN UNTIL ALL CORRECTIONS l!AVi:: ilEBN i1Ai.>i::, 

CONYER·£ TO NODC - DATE THE CRUISE liAS CONVF.R·J:ED FFO!I FWS FORliAT TO rwo.; FOliMAl.'. AN 11 NA" 
(NOT APPLICABLE) IS ENTERED IlEBE FOR CRUISES Rlo:CEIVEll IN .NuUC FOR!UT, 

HAIL TO NODC - DATE THE CRUISE IN FINAL POOH WAS SUDMITTED TO NODC. 

END~OTES REfE!1P.NCP. NUMBER TO ADDITIONAL COMMENTS FOLLO>IING Til~ ·rAULE, 



1;1\ 
(.;..) 

....... 

TAPE 
NUMBER 

ALASKA1 

ALlSKA2 

ALASKA) 

ALASK&4 

ALASKA~ 

••• FIELD OPERATION STATUS REPORT ••• 

AS OF 01/18/713 

THE HAHHAP INFORMATION SYSTEM OCSEAP - GOLF OF ALASKA PROJECT 

VATE FILE CROISE CODEPULL LCGLIST 
RECEIVED FORMAT NAME MAILED MAILED 

03/12177 FilS 1'115004 07/12/17 08/16177 

03/12;77 F11S FW5009 07112/77 08/16/17 
FW5013 07/12/77 08/16/77 
Fli5018 07/12177 08/16/77 
1'115023 07/12/77 08/16/77· 
FW5024 07/12177 08/16/77 

. Fl15030 07/12/77 08/16/77 
FW50l2 07/12/77 08/16/77 

05/27/17 F11S Fl15008 07/14/77 08/16/71 
1'115016 07/14/77 01!/16/77 
Fll5021 07/14/77 08/·16/71 
FW5026 07/14/77 08/16/77 
Fll5027 07/14/77 08/16/77 
Fl15033 07/14/77 08/16/77 
Fl!5035 07/11.1/77 08/16/77 
FW6008 12/12177 12/12177 
1'116027 07/14/77 08/16/77 
Fll6050 07/14/77 08/16/77 
Fll6051 07/14/77 08/16/77 
Fli6074 07/14177 08/16/77 
Fll608.3 07/1V77 08/16/77 

06124177 FilS Fll5011 08/16/77 08/16/77 
F\15012 08/16177 08/16/77 
1'115020 08/16/17 08/16/77 
FW5031 08/16177 08/16/77 
Fll503tl 08/16/77 08/16/77 
F\16015 08/16/77 08/16/77 
FW6018 08/16/77 Ol:l/16/77 
1'116019 08/16177 08/16177 
F\1606 7 08/16/77 08/16/77 
1'116068 08/16/77 08/16/77 
1'116088 09/29/77 09;29/77 
1'1160fl? 06/16/77 08/16177 
1'14(>0'111 06/16/77 Oll/lfi/77 

07/01/17 FilS 1'115015 O<j/29/77 09/1.9/77 

CODEPULL LOGLIST EDITLOG 
RETURNED RETURNED COaPLETE 

08/29/77 1 0/06;77 11/20/77 

10/06/77 10/06/17 11/28/77 
08/29/77 1 0/06;77 11/30/77 
08129/77 10/06/77 12/06/77 
08/29/77 10/06/17 12/06/77 
08/29/77 10/06/17 11/l0/77 
08/29/77 10/06/17 12/01177 
08/29/77 10/06/77 12/01/77 

09/06/77 09/06/77 12/09/77 
()9/06177 09/06/77 12/12/71 
09/06/77 09/06/77 12/31/77 
09/06177 09/06177 
09/06/77 09/06/77 
09/06/77 09/06/77 
09/06/77 09/06/77 
01/10/78 01/10,08 
09/06/77 09/06/77 
09/06177 09/06/17 
09/06/77 09/06/77 
09/06/77 09/06/77 
09/06/77 09/06/77 

11/01/77 11/01!77 
11/01177 11101/77 
11/01/77 11/0 1;77 
11/01177 11/01/77 
11/01/77 11/01/77 
11/01/77 11/01/77 
11/01/77 11/01/77 
11/01!77 1l/O 1/77 
11/01/17 11/01/77 
11/01177 11101/77 
10/20/77 10/20/77 
11/01177 11/01/77 
11/01/77 11/0 l/T7 

1 0/20/"17 10/20/77 

FINAL 
CHECK 

12/05/77 
12/05/77 

12/09/77 

CONVERT HAIL END 
TO HODC TO NODC NOTES 

1 
1 
1 
1 
1 



••• FIELD OPERATION STATUS REPO!!T u• 

l\S OF 01/18/78 

THE MARMAP INFORMATION SYSTEM OCS EAP - GULP Of ALASKA PROJECT 

TAi' E CAT F. FILE CRUISE CODRPULL LOG LIST CODEPULL LOGLIS'l' ElliT~OG FINAL CONVERT· HAIL END 
NO liB Ell RfCEIVED FOR;HT NAME MAILED II AI LED RETUHNED aE·rua NED COMPLE'l'E CHECK TO NODC TO NODC NOTES 

ALASKA'> 07/01/77 FilS F\15025 09129/77 09/29177 10/20/77 1 0/20/11 
F~&oo1 09/29/77 09/29;77 10/20/77 10/20/77 
FW6002 09/29/77 09/2'J/77 10/20/77 10/20;77 
F'~!i007 09/29/77 09/2'l/77 10/20/77 10/20/77 
FW6 009 09/29/77 09/29177 1 0/20177 10/20;71 
FW6021 10/28177 1 0/2tl/77 11/30/77 11/30/77 

0'1 Fl/6026 09/29177 09/29177 1 0/20/7 7 10/20/77 w Pli&029 09/29/77 09/29/77 10/20/77 10/20/77 N 
1'!;6 05 7 09/29/77 09/29/77 1 0/2017 7 10/20;77 
FW6064 09/29/77 09/29/77 10/20/77 1 0/20;77 
Fi/6066 09129/77 09/29177 10/20/77 10120171 
1':16070 09/29/77 09/29/77 1 0/20/77 10/20/77 
Fil6095 09/29/77 O'l/29/77 10/20/77 10/20;77 

ALASKA6 07;07;77 PWS Fo5014 10/21/77 10/21;77 11/14177 11/14/77 
PW5022 10/21/77 10/21!77 11/14/77 11/14/77 
FW502) 10/21177 10/21/77 11/14/17 11/14/77 
FW5036 10/21/77 1 0/21;77 11/14177 11/14/77 
Fl/5037 10/21/77 10121/77 11/14/77 11/14/77 
1'116004 10/21/77 10/21;77 11/14/77 11/14/77 
1':16005 10/21/77 10/21/77 11/14/77 11/14/77 
P\16010 10/21/77 10/21/77 11/14177 11/14/77 
Fll6tJ 11 10/21/77 10/21/77 11/14177 11/14/17 
FW6012 10/21/77 10/21/77 11/14/77 111,14/77 
PW6016 10/21/77 10/21177 11/14/77 11/14/77 
l'W602B 10/21/77 10/21/77 11/14/77 11/14/71 
FHb052 10/21/77 10/21/77 11/14/77 11/14/77 
1':16077 10/21/77' 10/21;77 11/14/77 11/14/77 
1'116078 10/21/77 10/21/17 11/14/77 11/14/77 
FW6084 10/21/77 10/21/77 11/14/77 11/14/77 
1'116085 10/21/77 10/21/17 11/14/77 11/14/77 
F\16 092 10/21/7 7 1 0/21;77 11/14/77 11/14/77 
Fil7026 10/21/77 10/21/17 11/14/77 11/14;77 
F\17 027 10/21/77 10/21/77 11/14/77 11/14/77 

ALASKA? 07/07/77 PWS IICI50 1 10/07/77 10/07/77 
UCI601 10/07/17 10;07;77 

1\LASKAH 07/28/77 f'WS F".l5038 10/29/17 1 0/28;77 11/]0/17 11 /]0/77 
Fllfi01J 10/28/77 10/28/77 11/30/77 11/30/77 
Fllb025 10/21:1/77 10128/77 11/J0/77 11/.10/77 



*** FIELD O~ERA;ION STATUS REPORT ••• 
AS OF 01/18/78 

THE KARKAP INFORKATION SYSTE!'I OCSEAP - GULF OF ALASKA PROJECT 

TAPE !:ATE FILE CRUISE CODEPllLL LOGL!ST CODEPULL LOGLIST EDITLOG FINAL CONVERT ftAIL EIID NU!!BER RECEIVED FORMAT lUKE II AILED i'!AILED RETURNED RETURNED CO!!PLIHE CHECK TO NODC TO liODC NOTES 

ALASKT\8 07/28/77 FilS !'116082 10/28/77 10/28/77 11/30/77 11/30/77 
Fi16087 10/28/77 10/28/77 11/30/77 11/30/77 

ALASKA9 08/03;77 FilS Fll5003 10126!77 10/28/17 11/30/77 11/30/77 2 
0\ Fli5006 10/28/77 i0/28/77 11/30/71 11/30/77 w Fll501 0 10/28/77 10;28/17 1 1130/77 11/30/77 w Fll600& 10/28/77 10/28;77 11/30/77 11/10/77 

Fll6014 10;28/77 10;28177 11/30/77 11/30/77 

ALASI0.1 0 09/06/77 NODC FW7032 10;07/77 1 0/07;77 11/03/77 11/03/77 11/22/77 11/30/77 /NA/ 12/12/17 
Fl!7033 10j01!17 10/01/77 11/03/77 11/0]/77 11/:t2/77 11/30/77 /NA/ 12/12/77 

ALASKA11 11116177 NODC Fl/703!1 11;30/77 11/30/77 01/04/78 01/04/78 01/09/78 01j10j78 /NA/ 
Fl/7035 11/30177 11/30177 01/04/78 01/04/7!:1 01/0b/78 01/17/78 /NA/ 
Fli7 042 11/30/77 11/30/77 01/04/78 0 1/04/7t.l 01/09/7<! 01j16j78 /NA/ 
FW70ij6 11/30/77 11130177 OJ/0417!! 01/04/7d 01/09/76 o1;16/7B /NA/ 

ALASKA12 "01/10;78 'NODC FW7028 01/18178 01/1-8/78 
Fll7031 01/18/78 01j1Bj78 
F\17036 .01118/78 01;18;78 
FW7045 01/18/78 01/16/78 

ALASKA13 01110/78 PWS Flib086 01/18/78 01/16/78 
Fil6186 01/18/78 0 1/1!:1/78 5 

OREGON 1 0~/25;77 NOOC W05220 10/26/77 10/26177 01/03/78 INA/ 
1105221 10/26/77 10/26/77 01/03/78 /!lA/ 
W05310 1 Ot26/77 1 0;26/71 01/03/78 /NA/ 
W05311 10/26/77 10/26/77 01/03/78 /NA/ 
li05325 10/26/71 10/26177 01/03178 /NA/ 
!lOG 211 10/2b/77 10/26/77 01/03/78 /NA/ 3 
1106 221 10/26177 10/26177 01/03/78 /NA/ 3 
1116140 10;26/77 10/26/77 01/03/78 /!lA/ 
W16150 10/26/77 1 0;26177 01/03/78 /NA/ 
W16161 10/26/77 10/2&/77 01/03/78 /NA/ 3 
112614 0 10/26/77 10/26/77 01/03/7!1 /NA/· 
10&070 10/26/77 1 0/26/77 01/03/78 /II A/ 



*** FIELD OPERATION STATUS REPORT *** 
AS OF 01/18/71! 

THE ~ARHAP INFORMATION SYSTEr. OCSEAP • GULF OF ALASKA PROJECT 

TAPE DATE FILE CROISE CODEPULL LOGLIST 
llUI'IOEl<' RECEIVED FORMAT NIHIE !!AILED II AILED 

CANADA1 08/01/77 PiS '01UC75 10/07/77 10/07/77 

ENDNOTES: 

CODEPULL LOGLIST EDITLOa 
RETURNED BETU~NED CO~PLETE 

FINAL 
CfiECK 

CONVERT 
1'0 NODC 

II AIL 
TO NO DC 

1. LOGLIST & CODEPULL SENT BACK TO PI FOR ADDITIONAL CORRECTIONS (12/1.2/77), l!E:rURNrlD TO RU 527 (01/10/78). 

2. TA?E WAS UNREADABLE, SE~T SACK TO PI TO BE RE~GENEBATED (08/31/77), iiTU•NED TO iU 527 (10/~1/?n. 

3. UNAUTHORIZED LIGHT LEVEL AND WEATHER CODES USED Bt .PI, THESE WILL NOT Be INCLUDhD IN SUBMISSION TO NODC. 

!!. TAPE RETUP.NED TO PI oECAUSE SEVEN OF TilE ElG!lT EXPECTED CI!UlSES CO£lLO No·~ BE fOUND (01/03/78). 

5. CaUI33 FW6186 IS A CONTIN~ATION OP CRUISE FW60~6 BECAUSE FW608G NEEDED MORE rHAN 999 SrATIONS. 

END 
!IOT!!S 



*** FIELD OPERATION STATUS REPD~T *** 
AS OF 01/10/7d 

TH! MARMAP INFORMATION SYSTEM OCSEAP - GULF OF ALASKA PROJECT 

SUMMARY: 

TOTAL CRUISES 
RECEIVED BY RU 527 105 

CODEPULLS MAILED 
0\ TO IllVESTIGATOR 105 w 
Ln 

LOGLISTS IIAILED 
TO INVESTIGATOR 105 

CODEPULLS RETURNED 
TO RU 527 96 

LOGLISTS RETURNED 
TO RU 527 83 

TOTAL CRUISES 
EDITED AT RU 527 17 

C3UISES CONVERTED 
TO !IODC 0 

C llU IS f>S MAILED 
TO NODe 2 



RESEAR,CH PROPOSAL 

TO: National Oceantc and Atmospheric Administration 
Outer Continental Shelf Environmental Assessment Program 
Boulder, Colorado 80302 

FROH: Institute of Marine Science 
University of Alaska 
Fairbanks, Alaska 99701 

TITLE: Sediment Characteristics, Stability, and Origin of the Barrier 
Island-Lagoon Complex, North Arctic Alaska 
Research Unit #529 

principal investigator: 

TOTAL COST OF PROPOSAL: 

!JURATION: 

A. S. Naidu 
Assistant Professor in Marine 

Science 
University of Alaska 
(907) 479-7032 

A. B. Frol . 
· Director of Admin. ·services 

University of Alaska 
(907) 479-7632 . 

OCS Proposal No. 77-25 Mod~ 1 
July. 29, 1977 

Dr. A. S. Naidu 
SS/1 574-26-7802 

$69,883 

October 1, 1977 to September 30, 1978 
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Jj. R. Moore, Director 
1.1 stitute of Harine Science 
University of Alaska 
(907) 479-7531 

K. ;B. Mather tz; ---
Vice-Chancelior for Research 

and Advanced Study 
University of Alaska 
(907) 4 79-7282 



I 
I 

C. TECHNICAL PROPOSAL 

I. Title 

Sediment Characteristics, Stability, and Origin of the Barrier Island
Lagoon Complex; North Arctic Alaska 

Research Unit number: OCSEAP R.U. #529. Contract Number: 03-5-002-56. 
Proposed dates of contract: October 1, 1977 to September 30, 1978. 

II. Principal Investigator 
. . . 

A. S. N~idu, Assistant Professor of Marine Science, Institute of Marine 
Science, University of Alaska, Fairbanks, Alaska 99701. 

III. Cost of Proposal (for FY 1978) 

C. Total~ $70,443 

D. Distribution of Effort by Lease Area: Beaufort Sea - 100% 

IV. Background 

The exploitation of the petroleum reserves in the North Slope of Alaska 

has commenced with the recent flQw 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-

tion, and the exploitation of gravel and sand deposits from several possible 

sources as constructi~n and fill materials. Theimpact of these activities, 

as well as others such as a blow-out, inadvertent discharge of cuttings and 

muds from drilling operations, and accidental oil spills on the nearshore eco-

system are unknown. However, several attempts have been made postulating 

the possible socio-econQmic scenario and environmental perturbations that 

might result during. the exploration and exploitation of petroleum 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 chemicill attributes of bottom sediments, as well 

as on the nearshore bathymetry have ·already been recognized in the vicinity 
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of Prudhoe Bay, consequent to the building of the new ARCO causeway (Feder 

et at., 1976; Barnes et aZ., 1977)~ 

If tbe 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 

islands, lagoons, and the contiguous shallow marine regime of north arctic 

Alaska have been carried out, and none of these in detail. T~e existing 

data gaps for this area were identified in a recent OCSEAP meeting held at 

Barrow to synthesiz-e the current state of knowledge on the Beaufort Sea. 

One of the questions that was raised numerous ·times at this meeting related 

to the composition, stability and origin of the barrier island-:-lagoon com

plex, and the directions and amounts of sediment transport along the shore 

of north arctic Alaska. It was the unanimous opinion of the meeting par

ticipants that unless satisfactory answers are available to the above 

questions, it would not be possible to quantitatively assess - or even spec

ulate - the possible impacts of industrial developmen~ on the Beaufort Sea 

nearshore ecosystem. 

It is proposed to continue essentially the ongoing geological-geochemical 

studies, embodied in the OCSEAP R.U. /1529-77 and included under Task 2 of 

the Master Research Plan submitted by the LGL Limited, U.S., Inc. to the 

OCSEAP office. Briefly, our studies will be concerned with collection of 

all basic data on the size distributions, mineralogy, and certain biologically 

"critical" chemical attributes of sediments of the barrier island-lagoon 

complex of north arctic Alaska. In addition, research will be continued.to 

assess the long-term directions and net volumes of alongshore transport of 

sed~ment, as well as the stability and origin of the barrier islands along 
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the Beaufort Sea coast. It is -also proposed to collect additional litho

logical and chemical baseline data from the contiguous area of the contin

ental shelf of the Beaufort Sea. The chief purpose of this latter effort 

will be to fill in .the small data gaps that were identified in the last 

Beaufort,Sea synthesis meeting in Barrow. This would also maintain a con

tinuity.of the inshore sedimentological work into the contiguous shelf 

area of the Beaufort Sea. 

V. Obje~tives 

The overall re~earch objectives of the FY 1978·study will be the same 

as those enumerated in the OCSEAP R. U. //5.29-77, with the exception that 

studies on the nutrient dynamics of sediment substrates will be omitted. 

It is understood that the latter investigations will be an intrinsic aspect 

of the biological studies that are being simultaneously proposed by the 

LGL Limited, U.S., Inc. to the OCSEAP office. Our geological investigations 

will, of course, coordin~te and interface with the LGL program. Therefore, 

the specific ·objectives of this proposal will pe: 

1. To contin~e gathering basic data on the grain size distributions 

of substrate sediment habitats from the coastal beaches, lagoons, 

barrier islands, and the adjacent continental shelf area. It is 

proposed to extend our studies laterally beyond the FY 1977 study 

area, embracing the continental margin region fro~ the Milne Point 

in the Simpson Lagoon eastward ~p to the Prudhoe Bay. Such 

regional extension will help establish a wider sampling,base for 

a better understanding of sediment dynamics in the North Slope 

coastal region. 
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z·. To complete background data collecti"On on the contents of organic 

carbon and partioning patterns of a selected group of biologically 

"critical" heavy metals (e.g., Fe, Mn, Cu, Ni, Zn, V, Cr, and Co) 

in the lithogenous (crystal lattice-held) and' nonlithogenous 

(readily mobilized phase) fractions of sediment samples from the 

lagoon and adjacent shelf region. In addition, Ba background con

centrations in sediments will be analyzed, considering the impor

tance of this element in the detection oe pollution relating to 

discharge of drilling muds. This aspect of the study will fill in 

the small .data gaps that exist on heavy metal backgrounds that have 

.been collected by Dr. A. S. Naidu foF the last 8 years in the Beau

fort Sea and which could not be continued under an ongoing OCSEAP 

.heavy metal program (R.U. #162). 

3. To define the net, long-term alongshore transport directions of 

gravel and sand-sized sediments, and to assess the volume of this 

alongshore drift during the open water season on the barrier islands. 

4. "To define the mineral characteristics, source, migratory pathways, 

and depo~itional sites of clay-sized particles in the deltaic

continental shelf complex of the Beaufort Sea. 

5. To elucidate the origin, development, and stability of the barrier 

islands in north arctic Alaska, via paleogeographic and geomorphic 

studies. The latter aspect of the investigation will be a comple

mentary counterpart of Dr. Jan Cannon's geomorphological studies 

under the current OCSEAP R.U. #530. 

The relevance of these objectives to an environmental assessment of the 

Beaufort S.ea continental shelf during petroleum and gas leasing and develop

ment process have been elaborately dealt with in our original proposal 
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VI. General Strategy and'Approach 

We hope to consolidate all sedimentological data presently availab~e 

with us and those to be gathered by the end of this calendar year as part 

of Phase I of this study. .This data consolidation should permit us to 

establish the compositions and the basic trends on the lateral and strati-

, gr,aphic variations in sediment size distributions and the sources of gravel., 

sand and clay-sized particles in the barrier island-lagoon regime of north 

arctic Alaska. Further, at the_end of the currently funded (FY 1977) study 

we should be able to define in a general way the net long-term sediment 

transport directions along the North Slope coastal area. However, the 

approach during the FY 1978 study will be to concentrate efforts to confirm 

the net alongshore sediment drift directions to be established in FY 1977, 

as well as to quantify the volume of this drift along a few representative 

' barrier island and coastal beach stretches. In order to achieve the latter 

objective the sediment erosional-depositional budgets at the representative 

beach stretches will be continuously monitored on a time series ba3is 

throughout the 1978 summer. However, in order to test the viability of the 

methods that we have planned to adopt to quantify beach drifts (refer to 

R.U. #529-77 for details) we will initiate a trial time-series monitoring 

program of beach levels for one month in August 1977. Thus, any shQrt-

comings in F'l:' 1977 field season will be rectified ~n 1978 summer. It must 

be borne in mind that beach level mo~itoring in the arctic could be beset 

with.unexpected complications resulting from large-scale beach drifting 

impelled by unusual sea ice piling accompanied during occasional severe 

storms. Ori such occasions-a difference must be made to understand the impact 

of the catastrophic storm surge versus normal current actions on the along-

shore drifts. 
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.Our approach for assessing·the sediment source and transport directions 

will be the same as those elabora~ed in the initial proposal (R.U. /1529-77). 

Briefly, this would call for effectively ·discriminatin·g the. mineralogy of 

the sand and clay-sized particles of the various North Slope rivers, and 

using characteristic minerals as natural."tracers" ·to establish sediment mi-

gratory pathways. 

It is believed that the key ·to a satisfactory geologic explanation to 

the barrier island origin lies in the deciphering of the paleogeographic 

history of the continental margin of the. Beaufort· Sea over the last 10,000 

years (e.g., Holocene Epoch). Our approach to infe:r:this history would 

depend heavily on the sedimentological criteria that have been developed 

(Naidu and Mowatt, 1975, 1976) to recognize various paleodepositional facies, 

using data on contemporary arctic sediments. 

The strategy for elucidating the stability and origin of the barrier 

islands will remain·the same as that enumerated in the initial proposal 

(R.U. /1529-77). Basically, efforts will be concentrated on stratigraphic. 

studies of vibrocores to determine whether the islands are relict coastal 

features or are contemporary depositional: resultants. Investigations on the 

temporal stability of the islands during the last three decades will be 

addressed through the examination of time-series aerial photographs and 

satellite imageries, in coordinadon with Dr. Cannon's investigations 

(R.U. /1530). 

The partitioning patterns of the heavy metals·in the different sediment 

phases will be elucidated following the methods outlin~d by Chester and Hughes 

(1967) and Presley et at. (1972). It would seem futile to get very precise 

data on the metal fractionation because of the lack of a satisfactory 

method to effectively and in a meaningful way isolate the individual sediment 
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phases (e.g.~ adsorbed, exchangeable~ organic~ ferric versus manganic 

hydroxide~scavenged, etc.). However, our plans call for differentiating· 

the proportions of the various metals partitioned between the lithogenous 

(crystal lattice-held) and the nonlithogenous (relatively readily "mobilized") 

sediment fractions. Research along these lines for a few metals haye already 

been init'iated by us (Naidu, in Burrell, 1977) ·on the Beaufort Sea contin

ental shelf sediments. It is assumed that by determining the inter-

element relationships in the lithogenous and nonlithogenous sediment frac

tions, and also analyzing ·the covariances or lack of them between metal 

concentrations, sediment size grades and mineralogic attributes, the parti

tion.patterns of metals can be fairly well interpreted. It is proposed to 

complete ·this work on the Beaufort Sea shelf sediments and extend our data 

base to the adjacent lagoon areas. The strategy will be to-fill in the 

information gaps and consolidate all the geochemical data rather than dup

licate past efforts. 

VII.· Sampling Methods 

We have planneo to collect 75% of the sediment samples, while the rest 

of the samples will be provided to us-by Dr. P. W. Barnes of the U.S. 

Geological Survey and Dr. D. G. Shaw- two OCSEAP investigators. Most of 

our samples will be .collected in 1977 summer from the barrier islands, 

west Simpson Lagoon and contiguous shallow marine environment, as planned 

in the April 1977 Vancouver workshop. The lagoon grab samples will be 

collected from stations-located at 1/2-mile intervals along longitudinal 

traverses extending across the lagoon length. The traverses will be set 

up at about 1 mile intervals. To avoid any sampling bias a few samples will 

be obtained at locations randomly dispersed inbetween the traverses. In 
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order ·to calculate sampling precision we have planned to collect replicate 

samples from a few random stations. 

Representative surficial sediment samples will be handpicked from all 

major barrier islands extending from the Canning to the Colville Rivers. 

However, more intensive sampling will be conducted on a closely-spaced grid 

extending across the landward and seaward beaches of the Pingok and Spy 

Islands. Since the barrier islands will have.a number of depositional sub-

environments it would obviously be necessary to ~ke very detailed field 

notes regarding each sample location. 

Dr. Peter W. Barnes of the USGS has already provided us with splits 

of 15 vibrocore samples that were collected from the shallow marine areas 

adjacent to the North Slope barrier islands. We have requested Dr. Barnes. 

for a few additional core samples from the Simpson Lagoon. These samples 

should be adequate provisionally for the proposed lithological and mineral 

stratigraphic studies relating to barrier island origin. 

Dr. David G. Shaw will be collecting this summer (1977) van Veen 

and/or Haps core sediment samples from the Alumiak along the inshore area 

extending from Poj.nt Barrow to the Demarcation Point. Dr. Shaw has promised 

to provide us with splits of all these sediment samples. 
! 

In·addition, Dr. Naidu has planned to participate for two weeks in 

I August-September 1977 in the Coast Guard and OCSEAP-sponsored cruise of 

the USCGC GZaaieP in the Beaufort Sea. The chief purpose of Dr •. Naidu's 

participation would.be to collect both surface· and gravity core sediment 

samples from the shelf area off the Demarcation Point and Point Barrow. 

I 
) 

Thus, the presently existing. sample gaps will be narrowed for the Beaufort 

SeA shelf. 

I 
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j The OCSEAP Arctic Project Office has agreed to provide us with the 

logistic support for collecting sediment samples from the North Slope rivers 

and the barrier islands. This would include a fixed wing float plane and/or 

helicopter flying time. Our logistic requirements, including camping, 

boat, and sampling gears relating to the Simpson Lagoon work will have to 

be· arranged by the Arctic Project Office with the other OCSEAP investigator .. 

in the area, namely the LGL Limited, U.S., Inc. An arrangement similar to 

the one existing currently will be acceptable to us. 

Dr. Naidu par.~icipated in the Long Beach planning meeting to. coordinate 

with the U.S. Coast Guard the USCGC Glaaier 1977 Beaufort Sea cruise. The 

Coast Guard will be responsible for providing van Veen grab and gravity. 

core sampling units. All lagoon and offshore sediment samples will be stored 

in a frozen state until ready for analysis in the Fa:i,rba:nks laboratories. 

VIII. Analytical Methods 

Laboratory analysis 

The analytical methods to be adopted have been elaborately described in 

the current (FY 1977) OCSEAP R.U. #529-77. Briefly, the sediment size distri-

bution analysis will be performed by the usual sieve-p~petting 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 

e.t at. .(1971) and Naidu and Mowatt (1974) using X-ray diffraction techntque. 

A variety of chemical and heat treatments will be adopted to assist in the 

clay mineral identification. 

Heavy mineral analysis will be performed on coarse, medium, and fine 

size grades of sands. The heavy mineral crops will be separated in heavy 
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liquid media, and the quantitative assessments of the various minerals will· 

be accomplished using .a petrographic microscope. Coarse-fraction analysis 

(Shepard and Moore, 19S4) on a selected group ot sandsamples from various 

horizons of thevibro cbres will be conducted under a binocular microscope. 

~eavy metal concentrations in sediments will be measured by a~omic 

absorption sp~ctrophotornetry, us-ing a Perkin-Elmer,. 603 .Model unit equipped 

with HGA-2100 Graphite furnace. Details on the methods of acid (!.ig~stion· 

of sediments and the determination of analytical precision and· accuracy have 

been elaborated by Naidu and Hood (1972) •. Vanadium concentrations in the 

nonlithogenous sediment fractions, however, will be analyzed by n~utron 

activation, using the isotope dilution technique described by Weiss et aZ. 

(in press). Organic carbon will be calculated from the difference between 

total carbon and carbonate carbon. The total carbon will be analyzed in. 

a·LECO, TC-12 automatic carbon determinator, whereas the carbonate carbon 

will be.determined manometrically (Hulsemarin, 1969). 

All available aerial photographs and remote sensing imageries will be 

studied in conjunction with Dr. Cannon, to assess temporal changes in barrier 

island·and lagoonmorphology, as well as to m~p the dispersal pattern of 

turbid plumes of fluvial water masses in the nearshore environment. 

Statistical analysis 

Fundamental statistical analyses will be·executed by means of numerous 

programs previously developed by, or supplied to, the University of Ala.ska 

Computer Network (UACN) for the Honeywell Series 60(level 66)/6000 computer. 

Numerical data sets will be analyzed using_a mixed hierarchical model of 

the analysis of variance (Kirk, 1968; Winer, 1971) to test hypotheses and 

to provide measures of precision. The Ullrich-Pitz Analysis of Variance 
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Program (Ullrich and Pitz, 1976) has been sufficiently modified and updated 

(Geist, 1977) to run on the Honeywell 66/40 and will provide maximal power 

for the analysis of variance of the relatively large data sets which are 

currently anticipated. Chi square values, detetminants, F-max values, 

F ratios, means~ mean squares, sums of squares, transformations, variances~ 

variance-covariance matrices, and exact probability levels r~present standard 

output parameters. Coefficients of correlation will be determined for many 

of the v'ariables of the numerical. data sets in order to more closely es

tabiish an:d estimate the degree of assoc:'iation or interdependence between 

selected parameters. (Sok.al and Rohlf, 1969). Post hoa statistical' analyses 

·will consist of chi square values, confidence intervals for differences 

between means, confidence limits, Scheffe'~ test for multiple comparisons, 

t tests for differences o.etween means; and, importantly, trend ana1yses of 

the cubic, linear, and quadratic·components !lSing orthogonal polynomials. 

Statistical computer programs, the University of California Los Angeles 
. . 

Biomedical Computer Programs and the Statistical Package for the Social Sci-

ences, exist to· facilitate most a priori a'rid p.ost hoa analyses (Dixon, 1974; 

Nie et a'L., 1975). The techniques of cluster a:1alysis will be employed to 

examine the anticipated large sets of multivariate observations and para-

meters by partitioning into disjoint clusters of observations that are in 

some sense dissimilar from 9ne another. Two Fortran IV cluster analysis 

programs have. recently been modifleci and updated to run on the Honeywell 

66/40 (Geist, 1977), MIKCA: Multivariate Iterative K-Means Cluster Analysis 

(McRae, 1970), and TA.X}lAP: The TAXMAP Clas,sification Program (Carmichael, 

1974). Factor analytical techniques may be employed iri a similar fashion 

to that of cluster analysis (Dixon, 1974; Honeywell, 1974). 
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IX. Anticipated Problems 

No major problems are anticipated at this point in time to fulfill 
"' 

the objectives of the proposal, providing requests made to various OCSEAP 

investigators,for sediment samples, and the Arctic Project Office for 

logisti.c support, are satisfactorily fulfilled. Although we have acquired 

quite a number of offshore vibrocore samples from Dr. Barnes, we would 

still need a few core samples from the North Slope lagoons. The latter 

samples will be quite critical in the elucidation of the barrier island 

origin. Dr. Barnes has been most sympathetic in this matter and has con-

sented to do his best to help us this summer. 

We had assumed that a physical oceanographic group would provide us 

in the FY 1977 with wave refraction data for the Beaufort Sea inshore area. 

We were contemplating employing this data to better understand the role of 

physical processes in the formation of barrier islands. However, we under-

stood recently that the physical oceanographers involved in the current 

OCSEAP barrier island-lagoon project (R.U. /1526 and 531) will not be col-

lecting any wave data in the FY 1977, but may launch a modest program in 

FY 1978. 

X. 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 heavy metal geo-

chemistry on substrate sediments will be provided in tabulated 

form, and classed according to various depositional environments 
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~e. g., barrier islands, lagoons, coastal beac.hes, open-marine shelf, 

inter-barrier inlets, river channels, etc.). Ef-forts will be 

concentrated to consolidate all published and unpublished data 

available with us in a manner best suited for coastal management 

purposes. This would obviously incur yigorous statistical analysis 

of all data. 

b) Lateral variations in the conventional Statistical grain size 

parameters, clay mineralogy, and heavy metal concentrations will 

be depicted on standard OCSEAP Beaufort Sea maps for the purpose 

of ready graphical reference. 

c) Correlation coefficient analysis between textural, mineral, and 

chemical attributes will be determined·by statistical calculations. 

Other statistical analysis that are to be followed for processing . 

the massive data, have been elaborated under Section VIII relating 

to analytical methods. 

d) Sediment transport trajectories for sand and clay-sized p9.rticles 

will be mapped for different sections of the investigated coastlines. 

e) The stratigraphic variations in the lithJlogy will be depicted 

graphil;ally, and the significance in vertical variations of various 

textural and mineralogical attributes will be determined statistically. 

f) A geological report will be prepared that will include chapters 

on the sediment characteristics of the various subenvironments under 

study, the -inferred sediment transport vectors, and on the stability 

and origin of the barrier island-lagoon complex. Consolidation of 

the grain size distribution data should help us to understand better 

the processes and products of contemporary sedimentation, and also 

provide reliable "signatures" to decipher paleogeography of the 
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Beaufort Sea continental margin. The above report will also include 

a section predicting possible perturbations on the barrier island

lagoon ecosystem that may directly or indirectly result from various 

oil-related industrial activities in the North Slope of Alaska. 

g) All attempts will be made to interface the. sedimentological studies 

with other disciplines of the overall OCSEAP barrier island-lagoon 

ecosystem modelling study. 

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 various heavy metals in the lithogenous and 

nonlithogenous fractions, in ~g/g values.· We would need additional 

funds to cover the cost of recording this data on magnetic tapes. 

However, we have no idea how much this would cost. 

B. Narrative reports: C and D, please refer to the Section A.l for 

details. 

E. Data submission schedule: It is anticipated that by February 1978 

all data on grain size distributions of sediments will be completed, while 

by that time clay and heavy mineral anlayses and documentation of heavy 

metal partitioning patterns in the lithogenous and nonlithogenous fractions 

will be about 75% covered throug~. Hopefully, by June 1978 all basic data 

collection will be finished. We would, however, need two more months for 

processing the data, and by the end of September 1978 we hope to submit the 

Final Report. Periodic data will be submitted to the Project Offices in the 

form of Quarterly and. Annual Reports, as per the OCSEAP schedules. 
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XI. Information Required fromOther Investigators 

It has been planned to coordinate'this study with other investigators 

of the OCSEAP barrier island-lagoon ecosystem study. These investigators 

will be the LGL Limited, U.'S., Inc., Drs. Jan Cannon, J. B~ Matthews, and 

C. Mungall. At the last Vancouver Workshop held in April 1977, a matrix 

was outlined showing the·interrelationships between the information products 

to be generated. by different investigators, and the responsibilities of each 

to the overall ecosystem modelling. The above matrix has been included in 

the Master Research Plan submitted by theLGL Liffiited_to the NOAA Boulder 

Office in January 1977. 

In addition, it will be useful to exchange data that are being gathered 

by Drs. P •. W. Barnes and E. Reimnitz on the geologic action of ice as well 

as on the temporal changes in bathymetry·and small-scale bottom topography 

of the inshore Beaufort Sea area (R~ U. 1!205) • We would also be in teres ted 

in sharing data with Dr. D. M. Hopkins on the Late Cenozoic history of the 

Beaufort Sea continental margin (R.U. #204 and 473). 

XII. Quality Assurance Plans 

Calculation of the percentage coefficient of variations based on results 

of replicate analysis of individual sediment parameters will provide the 

analytical precisions. The accuracy of our heavy_metal analysis will be 

checked by analyzing the U.S. Geoiogical Survey Standard rocks. Representative 

splits of at least 5% of all sediment samples collected by us will be sub

mitted, if required, to the National Bureau of Standards for interlaborator~ 

calibration. 
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XIII. Special Sample and Voucher Specimen Archival Plans 

Splits of all sediment samples analyzed will be stored for future reference. 

In order to minimize biodegration and post-sampling changes in sediment phases, 

all samples for geochemical analysis will be stored in a frozen state. There 

is adequate freezer space at Dr. Naidu's laboratories at the Institute of 

Marine Science. No annual cost of archiving the samples are anticipated. 

XIV. Logistic Requirement 

As mentioned earlier, our logistic requirements in the field for the 

collection of sediment samples, in addition to our 1977 summer sample suite, 

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 modelling 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 will have to be provided by the 

U.S. Coast Guard ~s per the April 1977 planning meeting held in Long Beach. 

Please refer to the standard attached form for further de.tails. 

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 Project Office. 

Dr. Charles R. Geist, Assistant Professor at the Institute of Marine Science 

will be an Associate Investigator in this study. His prime responsibility 
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will be to help Dr. Naidu in the statistical analysis of the sedimentological 

data. A graduate student/Student Aide will help Dr. Naidu in the mechanical 

analysis of the sediment parameters. Mr. Mike Sweeney, a graduate student 

presently ·working with Dr. Naidu and funded by the USGS, will also be in

volved in the collection and chemical analysis of sediment samples. The out

come of the heavy metal work will be included by Sweeney in a M.S. thesis 

dissertation. 

As mentioned earlier, this study will be conducted in conjunction with 

the geomorphic studies of Dr. J. Cannon, and the physical oceanographic. and 

biological investigations to be pursued, respectively, by Drs. Matthews and 

C. Mungall and the LGL Limited, U.S., Inc., as part of the overall OCSEAP 

program on the barrier island-lagoon ecosystem model of north arctic Alaska. 

Target dates, for field sampling, sample analysis, processing, data 

submission, and final reports 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 margin 

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 perturba

tions. 

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, 
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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 1978. It would seem that for the next decade efforts should 

be concentrated on process understanding 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 equipments 

that we would like to acquire would include a side-scan sonar unit 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 

automatic sample changer. 

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 requ1rements: 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, 
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an ideal boat to this area woulo be a 30-foot arctic cruiser or a vessel 

similar to NARL's R/V Natahik. 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 summer. However, through small boat operations 

it would seem possible to accomplish, as in the past, considerable amount of 

our sampJing providing proper facilities are provided to locate sample sta

tions. 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 XIII of this proposal. The University of Alaska will 

continue to negotiate a Voucher Speci~en Policy with NOAA/OCS. 

We will comply with the then agreed to policy. 

·4. See Section XV of this proposal. The University of Alaska agrees 

that the Principal Investigators can travel to the Project Office 

at least twice during the contract year, provided that such travel 

is in accordance with University of Alaska travel policy and con

sistent with other University duties of the Principal Investigator. 

5. Data will be provided in the form and format agreed to by the 

University and NOAA/OCS in the negotiating of the Data Management 

Plans for each of the tasks falling under the jurisdiction of this 

office. 
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6. As per Article 9 of the base contract, the University of Alaska 

agrees to the following: " ••• all archivable data is to be sub

mitted by the contractor to the Contract Data Manager within 120 

days after acquisition. Certain data sets such as plankton counts 

or volumes are not available until sorting of samples is complete. 

The data so obtained are archivable 120 days following the actual 

sorting or other laboratory procedur~." 

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. If 

the Chief Scientist·represents the contracts covered by this office, 

the form will be sent through this office. 

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 sc::.ientific material developed 

under OCSEAP funding will be submitted to the COTR sixty days prior 

to publi~ation or presentation. Copies of all news releases men

tioning OCS or using information gathered by OCS funding will be 

sent to the COTR. 

10. The following acknowledgement of sponsorship will be used: 

"This study was supported under contract 03-5-022-56 

between the University of Alaska and NOAA, Department 

of Commerce through the Outer Continental Shelf En

vironmental Assessment Program to which funds were 

provided by the Bureau of Land Management, Depart

ment of Interior." 
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Data Products Schedule 

OJ.ta Type Hedia Estimated Processing and 
{ie. Intertidal, (Cards, cod- Volume OCSEAP Formating done Collection 
Benthic Organisms, ing sheets, (Volume of Format by p. I. Pedod Su!J:niss on 
etc.) tapes, disks) processed data) {If known) (Yes· or No) (Nonth/Year to !·ionth/Ye~r) (i·1:J:1th/ ~;::r) --
Sediment size Roughly for 100 I under- NO October 1977 to July 1978 September. 19 
distribution samples; a total stand there 

· (in tabulated of 9 parameters is one 
form) 

Clay mineral About 30 samples None I guess NO October 1977 to March 1978 September 19 
weighted peak area % ..... total 10 para-
(in tabulated form) meters 

0'\ Heavy metal concen- About 30 samples I under- NO October 1977 to July 1978 September 19 I.Jl 
""-~ trations (ppm, in - total 30 para- stand there 

tabulated form) meters is one 



IW /i 
n i <>r-:f[1n·;;·,:;-····· --·--· -·-·--
1\n~rJ of Opf'r.-l.tir)n 

---·----- .. --· ·----··--·-·-··-··--···· -·-
-------------·------·--

Pl ec::se fTil in i!ll 
neces~;ury. r··~<:J-::t 
descri bt~d lHl these 

spaces or indicate not upplic;Jhl~· (ll/1~). 
l ~ne ,· te·ns cr--,-~.,.--:...,_. .,,...'"~_ ... t;.-- .-~,~··,·~-d ,,,., 

o • • , • 0... 1 I J , ..,} o I 11 • ./ I I a , 

forms. 

U··,c~ acid it i on,Jl •;hi"·~ i:·; d'; 

~~"'"'"' !·~· 1:" -~ r·· 1 ro\( '11 ~- ·j !·c::J 

WSI ITUT fG,'I 
University of Alaska 
Institute of Marine Science . --------------· ---···---------- PR HlC I Pi\L 11l'/EST I G/\TO:~ ____ A..._ _ _s. _ Naidu .. -·--

---- ...... -·----- --- .. . -----------------·- -----------
r-srrt·f:;-·-:~ifj5~D(iRt________ . _ --------·-------------·-----;------·-·- .- .. ··--· ______ _ 
-l.-lh~IT;·~-~-;~~2-propos2d tracks and/or san:pl ing qrids, by le'J, on rl cnart or i.:H~ di·!~.l-

Includ:-~ J list of propos2d station g~or:;rapilic positions. Beaufort Sea continental 
shelf, between Point Barrow and Demarcation Point . 

~-ll;-s·-~:-r--:;'~"' i·-::-o"" tJ f.,.. obs::.r•t·'~ons --:~a be ~;;,Hr;·on+r:~~r!: ·:; ant!/07-::l t t·~d-c h r_)r:1~f ·:. :~~-·:: :-,_;~i .· 
• -..~ \..o I (.) ._. . ., .J '·• •-' .._ • \ ·- - . ,_. 1,... 

- Inclut:le a description of sh·ipboard sampl inu oper·ations. Be as spr;cific ilnd cu:;l-

prehensive as _possible._ At each station, graq and gravity core samples will be collect d, 
as well as 1 to 2-liter water samples for measurement of suspended loads 

····--------------------------· - ----------,-----· -·.-- ---
~Jnat is-the optimum time chronology of observations on ale~ and se:~;o~:IJ, ~:·'"''; 
and \·:hat is the maximum allm·1able depc:trture from.these optililum times? (f:•.:.'f ~o 
chart pn~pared under Itc:m 1 \'then necessury for clarif·icution.) One cruise only, 
15-25 days in August-September 1978, with possible extension by a week 

l 
I 

------ _j 
-4--:-----110\·J ni"'alv s:0lclais--'iin~ required f<;n- each ·lcg't (Xssu:i!e vess2f-cruisinsi~:·;)i::~~r.·r)-( j' 

1t1 kr:ots for NOP.A vessels. Do not include running tir:Je fl·o:n port to t.~.::~~ilnl::~; 
point and from end point to port and do not inc 1 ucl2 a \'!(~a thel~ fu.c toi·.) 1 

~- Do .. _yo-u--c~Jnsiclcr your invest·i~Jation t.o be the pl··inciru.l one fOl~ the~ Di:'o:::rz;·;_.H-~1 ,_IJ,!S 
. . _l,:,?_:-:-2_,2 __ gays __ (to parti_c_ipat_e_in._one 1 eg .nnl.J!-) ________________ - ._-·-----·.-. -·-·--l' 
l~equiJ-ing other activities to piggyback or could you piggyback? . 

My investigation will be part of a round-the-clock multidisciplinary investigatio~ 
P.pproxit;:ately hm·J many vessel hours pel~ di1y \·:i'l 1 he n::qtdn.:u fo~·- your_ ~~hs(;l·':'-:1: l(i:'· 1 

and must these hours be dut~ing daylight? I!rclude 2n est'imettc of sc>i'1pln:~l-"Lii:1:2 C'i1 

station and sample processing time betwe2n stations. 
A total of 6 hours/day on a 

24-hour basis. Between 1.5 to 2 hours will be the'sampling time at each station. 1 

. 6. l~hat -ec]UT[.iliieli-t and personnel 1·10uld- yol.l expect. tt1e si1ip tc1-!Ji:;-ov·ide'? ___________________ _ ... ----~ 

Trained MST help as well as a grab and gravity corer will be needed. Two 20-30 liter 
_Jisk.in _!o!ater __ §.;t!.ll.P-l~_r.Q_wil.l_als_Q__b_e._.ne..e.d.ed~-------------:-=--·-:---·-,---·-------·-----·----·--·-~ 

-7. l·i!wt i~. u·,e app1·oxi1r.3tr. 1veight and vo'lume_ of equip';;~nt you 1'.'111 bnn~1? 
________ ,?_QO_.l.bs ........ __ "' 

8 .. l·!iT~V.:;ur cCa~-ol:-equh,;;\elit rcquirc_s_l)c~-ciill hancrling? -~es ___ if yt~s, pi• .. :~::-.e I 
descri~e: Operation of the gravity ·corer will need a heavy winch 

. -- ___ . ------------------··-----·-·-------------.. -,_--------·-.-··---·-·-- -.-·-- -----~- i"" --(, .. 
-9---:-w-nT~~:; u r•:>r; wi re ci ny g a~ St' s and/ o ~~ c twm i cc: ., :.·:t __ Y.es. ---·-. 1 r yc s , trr ey. s n•.:: L: I •. . ; (" .,, 

board ·:·he ship. prior to d..:•pt:rture fro:.1 Sec:ttle or ti1:1e c:llm·.'ed fm· ~~rn;~·::,·::t ~:y 

be! t·gr. On~. ngrog~~--g~~---tA!:t~- y_il;L ___ b_~_ J.Qil.Q?c;i __ ;i,ILP.oinLBariQw __________ ------ ----· .. - .. --- . ---------
1 --ro.-bo--~yo~:- li :-1 v e --G s hi p p ref(' rc 11 ce, c i t.he 1' r-~L)!~;\ '01' nn n- i~(1..;1','!' 1 1 "y c s ,, i~ i t'<: ~; t' lid:.: c· i.:.'' I 

vessPl ond qive the reascn fo:· so specifying. Yes, a u.s. Coast Guard ice-breaker I 
ship is only acceptable because of the heavy pack ice conditions 

-~ r-IT);.:.~: ·-;:-cc ,)~~7iie.iicr tri-~u-sc~-·-l;{ u- norl=T[tli,~,--\;~ss-::::· ... ~:(:~!1:--i'"'s t.:,-c- -~-ic!:-sc;i --ci~;-\:- c !·-;:_-i:·,~;::~-~-- .. -
cost C!: (~ h:~·/(~ j'OU ver"ifi_cd Hs ilVi:il:l~rility As in the past, the u.s. Coast Guard 
could come up with the ship time at no cost • 

.... . . ·--- .. ·- . -- --···-------··--------··---~---· --:-------" .. ' ·----- ., .... - --.---·----~ 1') !i'"l'•' r·;,r•. ;•"\li)·!., ff:Ut;-1· 11 ~'~l 1 j-.:'1''-' {)I) 11(oj'l'·l.f'"IJ" r:>:Or·ll lr.r;?- ·1:•;::1•1~~~-' ~ l~st. n;· il2~· ·:~:··, I 

( .. p,~;;ts,·-~ · .. ;ifi~all~~i~-~~,r~t.i··i~.i-n;··r,;l.Y :dw ~n~·f;l·e·i;~·nati.on~l~. Dr. A. s .. Naidu and I 
his student will participate. Generally, several other scientists join in too. Dr. 
Naidu is a citizen of India, with permanent resident status·in the u.s. 



'I 
'· 

i I. 

_.__ ___ ~· "". ~· ~"·. ·-· •·* __ .... ~ ~ ··-· -· 

G. .'-.:;:.r::l .. I.~T Sl;p~•r):J.T ·· H'~Lu:o:>'i':~R 

--1:--l,-,~i- itll'-,-~t .. ! ;;;;-;;;) :~~~;1·-·cr-;;_~-~t.:-t~;-:·.;;~fi c r.-~;-r:-.:1:·;_·~~7-~:;~i~.;;·~~;-;-;-;;--;.~~t;;~i:-~ c--(:J;;;-~·; r ::;~ :- -----------

<Not·~: 1( -l.li~ht:> arc for tr.:1nsp•.~rt ol: p •. ·r:;cmn·.~]. or. ~~quipmPnt· rmly h"tM b.ISL~ 
camps to fi..:!ld cQ;OJps ami vi:;,, VPr.sa, r·hart :;t·~~;:Ji·_::;;_on i!; not lh'<"'-':-;:.;o~ry 1111t 

ori;;in ;lnd d~stin"ltion poi.nt::; !:IJOttJd hr~ I i-~tC!d) Airlifting of personnel and equip-
ment contemplated either from Barrow or Deadhorse and back. Helicopter support wilt 

__ _:~o;:e~-~~a ~o~:llec t sediment sampl~s ~n~~-~:ial ~~rvey of --th~_::r-rie:._i~l~~d~ ~~~r t! 
2. D.~!.;C r i :)1~ ty pt~:; o i: o bs <'!l:V:l t i.on s to [),~ :::<1•; <~. 

Geomorphological surveys and nature of sediment substrates 

----·----------
3. ~.;:,Jt i..:; the upti=:!ttrJ. ti:ne ,:~nronolo~!,y uf (Jh...;~i.-'J:ttfJ):l3 (Jn a Gf~a .. .;onaJ. b<I:")i!; d.:J : ..... ,l: .. it: 

is ·the ma:<fr:mn allowable -departure £ron Lh2se optlr::,.m t:i;i!es? 

Between July 20th to September lOth, 1978; a week's departure would be acceptable. 

/._ Hm-1 t:any days of helicopter operations are requ:lrcll and hoH ,;umy flight· h<hH··, 

per day? 2 hrs/day for 5 days 

Total flight hours? 10 hours 
·--------------------------------------·---- ---··---

5. Ho~.; many people arc required on board for e>ach flight (exclusive of tht-~ ·i'.:.L,i:)'? 

Two scientists 

t are the Heights and d:i!ll~nsions of equiplilent or supplies t:o ·he Lra:t~jl\::·:-

Weigbt: maximum 200 lbs. 
_Dimension: 4 x 3 feet; a portable inflatable boat may be included 

--
7-.---\--Ti--h--t-t-t)_'_p_e._o_f helicopter do you recoml:lend for your opf:rat:i.on:~ ;,G,~J~la~~el~-·? w4-1-~ ---~---~--------------·_·l Not too familiar; but one similar to those carried on the USCGC ~ ~v • ~ 

adequate 

8. Do you recorr:;r.end a parti.cuLu source for the lwlico;1ter? If "yes" ph:<1~;..-~ n:!i:1<' 

the source and the reason for your reco!::::~end~1ti on. 
The Coast Guard generally has two helicopters onboard the USCGC GZaeier, and are 
generally available for scientific logistics 

-·--· ·------·-.. ----------* ----------·-·--·--------~-·-------·-~- ......._ ___________ . -.. --~---'-·- ·-·- ··-----·--·-·--··-

N/A 

---·-------------------·---------
JO. \·:lwr,~ do you H'CC':::nu:nd t:i1nt fH[.hU; lw ~ta~;t...'d fro::-~? 

Either from the Coast Guard ice-breaker ships or from Deadhorse and/or Barrow. 

-- -------·-------··-··--------- ________ .. ___________ ----------------·- --·----- -----

Conventional facilities will be O.K. 
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~):--7~0:·~L·~-::;~:-.~~~~-:~.:-~-~ ... ,(;r.:~!~t-;t;-;?,J!\'C ... ·-----·-~--·---· ~ .... --..... - ..... -··----- .. -· - ....... ___ ......... 
--_r:--t:;i-i·.,.i·c:ir~!-ymi"l: ···-c·::·ijti D:-cii.:~., t~;-- ·i\7t-- ·~lt:i~l"i.· fe·r-;, --.:,ili.l:~ti r,~; r:;c.:11;: ~~-- .iii-, 11.: · r i~· C~t-·.:; i:- .. ~·t ·· · · ··· · 

(Th.!St! rcqulr•~r:l~nt!J ~;hrmltl b.:! bro!;:,:~n (lown h:t (.-!)_ lo.:at i.on, (h) c:t L.·nd.~,- p:or iod, 
(c) number of: pt.!!."::.wnnel p<!l: day and to tat lihl!l (l.tr>. pt.~L· p,."r iud) 

Pingok Island: Between July lOth and August 15th, 1978; for two scientists; 16 total 
days on a continuous 8 days basis on each trip. 

Deadhorse/Spy Island: Between July lOth and August 20th, 1978; simultaneous stay of 
2 scientists; 16 total days on a continuous 8 days basis on 
each trip. Obviously, the stay in the above two camps shall 
not overlap. 

USCGC GZ.aaieY.: Between August 16th to September lOth, 1978; to cruise on the eastern 
half of the Alaskan Beaufort Sea 

2. Do you recommend a particular source for: this support? If "j'es" ple,1:-;,~ naiilt! 
the source and the reason for your recommendation. 

3. 

1) LGL Limited-U.S., Inc. (Texas) have been providing us with field support now, 
and this arrangement will be suitable to continue for the lagoon sediment col
lection. 

2) ·OCSEAP Arctic Project Office, Fairbanks, which has been most helpful to date. 
3) U.S. Coast Guard, Oceanographic Unit: The only U.S. agency to run ice-breaker 

cruises in the arctic. 

---------------- ----------
Hhat is your esti:::c.ted per r.Jan day cost for this support at ench loc::t L·il? 

$35-40/day/man 

Hm-.r did you derive this figure, i.e., vhat port.:Lon repres~!nts quarter~; t::!tl \·:!;:1:. 

portion represents subsistence nnd is the fjgun~ ba.sv(! on ·~str!hl.tf;It-•d C:\>:.:::<.•r,_i.Jl 
rutcs at tht~ location or on estb1ated cost!.> to e~itablish tmc! i;];.dntain ;! i'! l'J.,! 
camp? 

Reasonable guesses based on current rates. 
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--~- .. ___ .. __ ,. 
n~ :r•. ~· r r tJr'T '"''TC'' P'(O'H ·.·w· ---d ·. ~.t\.# 1 ~ ~~;: .. .,:..,:_· ---~~: .... _.:) .... _~:_ .. :_:~::.:.:? ... _ .. ~ --·-..------·-·--,:. ·-··-· 4 ..... ---·-·-·· -~. .. ·-- ~-· -·-"-· ... ···4-·-.-"'\------·-·· - ... . .. -- --·---- .... 

J.. i·.~~at lifi·-~·:ial .lo;~L>ti.c:.: prnb~.::!'l.s do yc•u .tnLi~:.i.p.!t•.! l.:.d•.·r JtHI!' pCOjH>'idl .~.~d ;. .. :J 

do you pr-opose Lh;;t·. th~ proh!·.:r:ls I>';! !i()!V(••:? (i';.·o'Jidu cm~t: ··~:tim:lt.:t•:.; :111:! in
d ic.:.ttl.! \·:hetht!r y011 propo:~·~ L,Jr~dli.ni~ th·,,. prnble1:-::· :;o:~r··:i."\! f o1· ~•lwlhl~r )'(H: l'liJ::<: 

cl~p<-!ntl on 1.:0:\A to soJ.ve th•!ra for. you? 

With the exception of•obtaining vibrocore and grab sediment samples, res

pectively, from the North Slope lagoons and the large rivers, we do not anticipate 

any major difficulties in fulfilling the proposal objectives. 

The U.S. Geological Survey should be specially requested by the OCSEAP office 

to obtain a few vibrocore samples from the lagoons in the summer of 1977 and 1978. 

Presumably tqis effort could be dovetailed into their ongoing coring program in the 

continental margin area of the North Slope, with minimum expense. Collection of the· 

river samples could be suitably achieved using a helicopter. Since samples need to 

be preferably collected from the river mid-channels, presumably the use of a portabl 

boat would be necessary. Such a boat could possibly be carried on the helicopter 

and inflated in the field. I would guess one hour at each river station will be 

the time for this kind of sampling. We are relying on NOAA-OCSEAP office to solve 

this sampling problem, through the Arctic Project Office. 

661 



l''llLt.)!JI~C:. Lhf\1\1 

RU f.!: 529- PI: A. S. ·Naidu 

i~cjor r;nestcnr.::s: epor·1ng~ an ;>i.Jr.::gc:-:1cnc ana otnor s1 n1·r·1c.:n· R t . I J • ~· • "C• t' 

contra-::tui:!l rc:c;:..Jiremcnts; periods of field ·::ark; \·;od~.s<10ps ct.:. 

t,, Y"'"""'~ ,,_T --:-,.. ...... ~,··=-~ 
~· .. .~ l .... ·..J .. \ .: • .:. _1.,;.,:; J.. ·.,.~., ...... ,;;J 
l 
l -----------------
I . 
!Report on the field work, sample collect1.on 

. . ·:-:- il """19·7.-:-;- --'1 
~J91L_t - -~--,_·-'.!.':· ~-, . . ,-1 

and 
lpation in 1977 Beaufort Sea cruise 

,Size distribution data on vibrocore samples I X I F. -. -·r· ,-l,.--l,~. ~ '· l ~,l 1 I .-~ I 1 1 ! : 1 r ' . : 
• -----l[X i -~-i--. 1'--t- -~,--t1 -. 

1

1
·--r-

1 

-~, l,·-~.--:1 
1
,· Heavy mineral contents in various sand size grades ! I· 1 . I . 

1 1 

• : ! 

. of rivers · ' 1 •· · ..-----!~1-·j -l-·-r------~ · ------: 
i Presentation of preliminary mineralogical and core size·T-~-~~~ ~; ~ ~-I I 1

1 l I ~ l I 1 l 1 

• 

l distribution data ~-i-~- 1 
-- -r-- -rr-il 1 

l Completion of size distribution data on lagoon sediment ! I X I. 1 , ! ! 1 1 I. ! I i . 
jsamples collected in summer 1977 -~-1-~-~---~-T-1'---,·-·j.- I -1--!-[ ri·-.;---'---+ 
i Completion of clay mineral data on archived and summer ! i j f X I ! l I · I ! I l , 

1 
! 

11
.
977 

samEle:f heavy metal work on summer 1977 samples , __ jli--~j~r-ll,--~~~--T .. !·-·-· jl --·;---;·--J-:~-~-r-·~ 
; Completion ; 1 . l I ! i , i ! : 

I Completion of vanadium analysis in San Diego and consul-I ____ I_I_T_f_!;-[-r--r-l-·r-i- 1 

' 

· jtation with USGS 1-.r-!-f.-.--l---..--;·:·-·;-! --~--;-:·--:---t-----r--;-:--i 
l I i 1 I ; I ! : 11. : ~ j 

1 Completion of organic carbon and carbonate analysis i i j l. j X 
1 

! . 1 
1 

i ! I 

1 · : r-t-r--1 - --i-·:-- --·--r---- I 
;sediment transport directions; preliminary report I : I X f ! ; : j i j , ! 
! -~-r-t-·j-l-l-,--: ;-I -[--;-~--; ~ ;l 
jFirst Quarterly Report J_i I ~~~_[_j_., ___ .! __ \ --:-~-:-~! ; i 

'. I I : I I i : : I : : . : 
;second Quarterly Report ; [ __ [---~-~-1--i--':!--i-: __ ; __ ~·- ·-----:~ 
! I 1 I I j i · I l! IC 1 t. f h . 1 0 k ' 11 

I i I X I ! I , omp e 1.on o eavy m1.nera w r : . : I . 
1 

. i 
1 

: : ; , 1 

:Field work on sediment drift studies and collection of 
;additional samples 

'Third Quarterly Report 

Final Report 

· r·-:-, ·-i-i-r--:- --,---.. -·-~·-,---:----.;;· 
! i l · I :x x· x; ' ! i I 

I. , l ' ' I 
l ----· . . -.···-·\ i '1. -· ;-- -1--·-~:·-;--.,--.... :--.1 

~ ' : i 
\ I i I ! l 

·- - ...!. -· . - .•. i._- _; .. --~ __ _l ________ ;_. __ _ 

X 

--- ----- .. -----~---



REFERENCES 

Arnold, K. 1975. Data for State of Alaska socio-economic impact assessment 
of leashing in the Beaufort Sea. Submitted to the Dept. of Community 
and Regional Affairs, State of Alaska, Juneau. pp. 1-24. 

Barnes, P., E. Reimnitz, G. Smith and J. Melchior. 1977. 
shoreline changes northwestern Prudhoe Bay, Alaska. 
Open File Rept. 77-161. 10 p. 

Bathymetric and 
U.S. Geol. Survey 

Burrell, D. C. 1977. Natural distribution of trace heavy metals and envir
onmental background in Alaskan shelf and estuarine areas. Annual Rept. 
to BLM-OCSEAP Office, Boulder. Inst. Mar. Sci., Univ. Alaska, Fairbanks. 
204 p. 

Carmichael, J. W. 1974. The TAXMAP Classification Program. 
Canada, Dept. of Medical Bacteriology, Univ. of Alberta. 

Edmonton, 
pp. 1-10. 

Chester, R. and M. J. Hughes. 1967. A chemical technique for the separation 
of ferro-manganese minerals, carbonate minerals and adsorbed trace 
elements from pelagic sediments. Chern. Geol. 2:249-262. 

Dixon, W. J. 1974. BMD Biomedical Computer Programs. Berkeley, California, 
Univ. of California- Press. 

Feder, H. M., A. S. Naidu, D. Schammel, D. G. Shaw, E. R. Smith and G. W. 
Smith. 1976. The arctic coastal environment of Alaska, Vol. III. 
The nearshore marine environment in Prudhoe Bay, Alaska. Rept. R76-7, 
Inst. Mar. Sci.~ Univ. of Alaska, Fairbanks. 153 p. 

Folk, R. L. and W. C. Ward. 1957. Brazos River bar - a study in the 
significance of grain size pa·rameters. J. Sedimentary Petrology 
27:2-26. 

Geist, C. R. 1977. MIKCA- Multivariate Iterative K-Means Cluster Analysis: 
A Revision. Inst. Mar. Sci., Univ. of Alaska, Fairbanks. 

Geist, C. R. 1977. The T.AXMAP Classification Program: A Revision. 
·· Inst. Mar. Sci. , Univ. of Alaska, Fairbanks. 

Geist, C. R. 1977. The l,Jllrich-Pitz Analysis of Variance Program: A Revis;ion. 
Inst. Mar. Sci., Univ. of Alaska, Fairbanks. 

Honeywell Series 600. 1976. Biomedical (BMD) Statistical Programs Reference 
Manual. 

Hillsemann, J. 
sediments. 

1966. On the routine analysis of carbonates in unconsolidated 
J. Sedimentary Petrology 36:622-625. 

Kirk, R. E. 1968. Experimental Design: . Procedures for the Behavioral Sciences. 
Brooks/Cole, Belmont., California. 577 p. 

McRae, D. J. 
Program. 

1974. MIKCA - A Fortran IV Iterative K-Means Cluster Analysis 
CTB McGraw Hill, 1974, Monterey, California. pp. 1-21. · 

663 



Naidu, A. S., D. C. Burrell and D. W. Hood. 1971. Clay mineral composition 
and geologic significance of some Beaufort Sea sediments. J. Sedimentary 
Petroleum 41:691-694. 

Naidu, A. S. and D. W. Hood. 1972. Chemical composition of bottom sediments 
of the Beaufort Sea, Arctic Ocean. Proc. 24th Int. Geol. Congress, 
Montreal, Canada 10:307-317. 

Naidu; A. S. and T. C. Mowatt. 1974. Aspects of size distributions, miner
al~gy, and geochemistry of deltaic ·and adjacent shallow marine sediments, 
north arctic Alaska. InAn Ecological Survey in the Beaufort Sea. U.S. 
Coast Guard Ocng. Unit, Washington, D.C. Ocng. Rept. CG373-64:238-262. 

Naidu, A. S. and T. C. Mowatt. 1976. Significance of textural criteria in 
the recognition of ancient polar deltaic sediments. In Recent and 
Ancient Sedimentary Environments in Alaska, T. Miller, ed. Alaska Geol. 
Society, Anchorage. pp. Dl-Dll. 

Nie, N.H., C. H. Hull, J. G. Jenkins, K. Steinbrenner and D. H. Bent. 1975. 
Statistical Package for the Social Sciences. McGraw-Hill, New York. 
675 p. 

Presley, B. J., Y. Kolodny, A. Nissenbaum and I. R. Kaplan. Early diagenesis 
in a reducing fjord, Saanich Inlet, British Columbia - II. Trace1

· element 
distribution in interstitial water and sediment. Geochim. Cosmochim. 
Acta 36:1073~1090. 

Shepard, F. P. and D. G. Moore. 
by coarse-fraction studies. 
38:1792-1802. 

1954. ·Sedimentary environments differentiated 
BuZZ. Amer. Assoc. of Petroleum Geologists 

Sokal, R. R. and F. J. Rohlf. 1969. Biometry. W. H. Freeman, San Francisco, 
Calif~rnia. 776 p. 

Ullrich, ·J. R. and G. F. Pitz. 1976. Fortran IV ANOVA for the DEC System 10. 
Missoula,- Montana, Dept. of Psychology, Univ. of Montana. pp. 1-16. 

Weller, G., D. Norton and T. Johnson. 1977. Environmental impacts of OCS 
development in northern Alaska. Beaufort Sea Synthesis Report (draft). 
Special Bull. lt15, Arctic Project Office, Univ. of Alaska, Fairbanks. 
219 p. 

Weiss, H. V., M.A. Guttman, J. Korkisch and I. Steffan. In Press. A compar
ison of, methods in the determination of vanadium in seawater. 

Winer, B. J. 1971. Statistical Principles in Experimental Design. McGraw
Hill, New York. 

664. 



Publications: Reviewed Articles 

Naidu, A. S. 1960. Geology of the Birmitrapur area with 
special reference to the origin of the limestone and 
dolomite deposits. M.Sc. Thesis. Andhra Univ., India. 

Naidu, A. S., and C. B. Rao. 1963. Native sulphur in recent 
sediments from the Godavari Delta Basin. Current Sci. 32: 
264-265. 

Naidu, A. S. 1966. Lithological and chemical facies changes 
in the recent deltaic sediments of the Godavari River, 
India. In Deltas in. their. geologic framework, M. L. 
Shirley, ed. Houston Geol. Soc. pp. 125-257. 

Naidu, A. S. 1967. Radiocarbon date of an oolitic sand 
collected from the shelf off the east coast of India. 
Proc. Symp. Indian Ocean, 1967, Nat'l Inst. Sci., India. 
pp. 467-471. 

Naidu, A. s:, G. K. Rao and C. B. Rao •. 1967. Geochemistry of 
manganese in recent clay-sizedmarine sediments of the 
Godavari Delta. Bull. Geochem. Soc. India. 2(1 & 2): 
20-26. 

Naidu, A. S. and Y. L. Dora.. 1967. Geochemical behavior of 
phosphorus in the non-detrital sedimentary cycle: a 
review. Bull. Dept. Mar. Biol. Oceanogr., Univ. Kcrala. 
pp. 33-40. 

Naidu, A. S. 1968. Some aspects of texture, mineralogy and 
geochemistry of modern deltaic sediments of the Godavari 
River, India. Ph.D. Dissertati9n. Andhra University. 

Naidu, A. S. and K. V. S. Acharyulu. 1968. Geochemical be
havior of iron in the non-detrital sedimentary cycle: 
a review. J. Geol. Soc. Saugar (Vasundhara), Vol. 4:47-53 . 

. Naidu, A. S., D. C. Burrell and D. W. Hood. 1971. Clay ~ineral 
composition and geologic significance of some Beaufort 
Sea sediments. J. Sedimentary Petrol. 41:691-694. 

Kinney, ·P. J., D. M. Schell, V. Alexander, A. S. N.aidu, C. P. 
McRoy and D. C. Burrell. i 971. Near shore and es tti.arine 
environments of the Alaskan Arctic coast: parameters for 
engineering solutions. · Proc. 1st Int. Conf. Port and 
Ocean Engineering Under Arctic Conditions, Trondheim, 
Norway; August·l971. pp. 48-72. 

Sharma, G. D., A. S. Naidu and D. W. Hood. 1972. Bristol Bay: 
A model contemporary graded shelf. Am. Assoc. Petrol. 
Geol. Bull. 56(10):2000-2012. 

Naidu, A. S. and D. W. Hood. 1972. Chemical composition of 
bottom sediments of the Beaufort Sea, Arctic Ocean. 
Section 10, Geochemistry, Proc. 24th Int. Geol. Congr., 
Montreal, Canada·. pp. 307-317. 

Naidu, A. S. and G. D. Sharma. 1972. Geological, biological 
and chemical oceanography of the east central Chukchi Sea. 
U.S. Coast Guard Report CG373-50, Hashington, D.C. 
pp. 173-195. 

Naidu, A. S. 1974. Sedimentation in the Beaufoit Sea: A 
synthesis. In Marine Geology and Oceanography of the 
Arctic Seas, Y. Herman, ed. Springer-Verlag, New York. 
pp. 173-190. 

665 



Publications: 
(con' t) 

Naidu, A. S. and T. C. Mowatt. 1974. Asp,ects of size dist:-i
butions, mineralogy, and geochemistry of deltaic and adja
cent shallow marine sediments, north arctic Alaska. U.S. 
Coast Guard CGC Report, tvashington, D.C. pp. 238-268. 

Naidu, A. S. and T. C. Howatt. 1974. Clay mineralogy and. 
geochemistry of continental shelf sediments of the 
Beaufort Sea. In Proc. Symp. Beau{ort Sea Coast and 
Shelf Research, San Francisco. pp. 493-510. 

Naidu, A. S., D. C. Burrell, D. lv. Hood and J. A. Dygas. 1975. 
Texture, clay mineralogy and chemistry of bottom sedi
ments, West Beaufort Sea, Arctic Ocean. Geol. Soc. Amer. 
Spec. Paper 151. pp. 49-58. 

Naidu, A. S. and T. C. Howatt. 1975. Environments and sedi-· 
ments of. the Colville Delta complex, north arctic Alaska. 
In Deltas Models for Subsurface Exploration, M.L.s.· 
Broussard, ed. Houston Geological Society. Houston, 
Texas. pp. 283-309. 

Naidu, A. S., T. C. Mowatt, D. B. Hawkins and D •. W. Hood. 
1975. Clay mineralogy and geochemistry of some Arctic 
Ocean sediments: significance on paleoclimate inter
pretation. In Climate of the Arctic,' G. Weller and 
s. A. Bowling, eds., Geophys. Inst., Univ. Alaska. 
pp. 59-67. 

Naidu, A'. S. Continental shelf sediments of high latitudes. 
In Encyclopedia for Sed·imentology, R. W. ·Fairbridge, ed. 
Invited chapter (In press). 

Naidu, A. S. and T. C. Howatt. 1976. Significance of textural 
criteria in the recognition of ancient polar deltaic sedi
ments. In Recent and Ancient Sedimentary Environments in 
Alaska, T. Miller, ed. Alaska Geol. Soc., Anchorage. 
pp. Dl-Dll. 

Naidu, A. S., C. J. Lee and T. C. Mowatt. 1976. Chemistry 
of deep-sea sediments in the Canada Basin, west Arctic 
Ocean. In Assessment of the Arctic Marine Environment: 
Selected Topics. D~ lv. Hood, ed. Inst. Mar. Sci. Occas. 
Publ. No. 4 (POAC 75), Univ. of. Alaska, Fairbanks. pp. 
121-129. 

Unpublished Reports (Excludes~rogress Reports) 

Naidu, A. S. and C. B. Rao. 1967. Results of inves
tigations carried out on the deltaic sediments of the 
Godavari River. In Oceanography in India, Report of 
Indian participation in the International Indian Ocean 
Expedition, New Delhi. Publ. No. 4:63-64. 

Kinney, P., D. Schell, V. Alexander, S. Naidu, C. P. McRoy and 
D. C. Burrell. 1971. Baseline data study of the Alaskan 
Arctic aquatic environments; eight month progress, 1970. 
lust. Mar. Sci. Rept. R-71-4, Univ. Alaska, Fairbanks. 

Naidu, A. S. and G. D. Sharma. 1971. Texture, mineralogy, 
and chemis.try of Arctic .Ocean sediments. Progress Report 
for 1970-71.to the U.S. Geological Survey. Inst. Mar. 
Sci. Rept. No. R71-16 •. Univ. Alaska, Fairbanks. 17 pp. 

Naidu, A. S. 1972. Clay mineralogy and heavy-metal geochem
istry of deltaic sediments of the Colville ·and adjacent 
rivers. Pages 123-138 In Baseline Data Study of the 
Alaskan Arctic Aquatic Environment. Inst. Mar. Sci. Rept. 
No. R72-3. Univ. Alaska, Fairbanks. 

666 



Publications: 
(con' t) 

Mowatt, T. C. an9 A. S. Naidti. 1974. Gravels from the Alaska 
continental shelf, Beaufort Sea, Arctic Ocean: Petrologic 
character, and implications for sediment source and trans
port. Open File Report 43. State of Alaska Dept. Nat. Res. 
_Div. Geol. and Geophys. Surv., Fairbanks, Alaska. 12 pp. 

Mowatt, T. C., A. S. Naidu and N. Veach. 1974. Clay miner
slogy of the lower Colville River Delta, north arctic 
Alaska. State of Alaska Dept. Nat. Res. Div. Geol. and 
Geophys. Surv., Fairbanks, Alaska. 21 pp. 

Naidu, A. S. 1975. Clay minerals and chemical stratigraphy of 
unconsolidated sediments, Beaufort Sea, Arctic Ocean, Alaska. 
Inst. Mar. Sci. R~port submitted to the U.S. Geol. Survey, 
Menlo Park, California. 21 pp. 

Alexander, V. et al. (Co-author A. S. Naidu). 1975. Envir
onmental studies of an Arctic estuarine system. Final 
Report U.S.E.P.A., Rept. No. EPA-660/3-75-026. Corvallis, 
Oregon. 536 pp. 

Mueller, G. J., A. S. Naidu and D. 'Schamel. 1976. Background 
benthic studies of the Torch Bay-Dixon Harbor area of the 
Glacier Bay National Monument, Southeast Alaska. Inst. 
:t-1ar. Sci. Report submitted to National Park Service. 

Feder, H. M. et al. (Co-author A. S. Naidu). 1976. The sediment 
environment of Port Valdez, Alaska and the effect of oil on 
this ecosystem. Report submitted to U.S.E.P.A., Hashington, 
D.C. 320 pp. (2 volumes). 

Feder, H. M., D. G. Shaw and A. S. Naidu. 1976. The nearshore 
marine environment in Prudhoe Bay, Alaska. Inst. r-lar. Sci. 
Report No. 76-1 submitted to the Atlantic Richfield Co., 
Anchorage. 161 pp. 

Published Abstracts (National/International Meetings) 

Naidu, A. S. and C. B. Rao. 1968. Lateral clay mineral varia
tions in modern deltaic sediments of the Godavari River. 
Proc. S.E.P.M. Symp., 1968, Oklahoma City. A.A.P.G. Bull. 
52(3):543. 

N~idu, A. S. and C. B. Rao. 1969. Clay mineral composition of 
modern deltaic sediments of the Godavari River. Proc. Sy~p. 

Processes and Products of Sedimentation. 1967, Waltair, 
India. 

Naidu, A. S. 1969. Texture of modern delt~ic sediments of 
Godavari River (India). Proc. AAPG-SEPH Annual Meeting, 
Dallas, Texas, 1969. A.A.P.G. Bull. 53(3):733-734. 

Naidu, A. S., D. C. Burrell and C. M. Hoskin. 1970. Sedinents 
of the South Beaufort Sea. Trans. Am. Geophys. Union 
Meeting, Washington, D.C., April 1970. 

Naidu, A. S., D. C. Bur~ell, J. A. Dygas and R. Tucker. 1970. 
Sedimentological studies on coastal b~ach deposits of 
northern Arctic Alaska. Proc. Second GSA-SEPH Coastal 
Res. Group Symp., Kalamazoo, Hichigan, November 1970. 

Naidu, A. S., D. C. Burrell and J. A. Dygas. 1971. Texture, 
organic carbon and clay mineralogy of Western Beaufort 
Sea sediments. Pages 39-40 In Proc. Second Int. Symp. 
Arctic Geology, San Francisco, February 1971. And in 
A.A.P.G. Bull. 54:2497-2498. 

667 



Publications: 
(con't) 

Naidu, A. S. 1971. Clay mineral composition of ·the Beaufort 
Sea sediments, Arctic Ocean. MPG-SEPH Annual Hecting, 
Houston, Texas, 1971. Am. Assoc. Petrol. Geol. Bull. 55:355. 

Dygas, J. A., D. C. Burrell and A. S. Naidu. 1973. Sediment 
transport and shoreline changes along the Alaskan arctic 
coast. Presented by A. S. Naidu at the MPG-SEPH meeting, 
Anaheim, California, Nay 1973. 

Naidu, A. S. and T. C. Howatt. 1973. Lateral variations of 
clay minerals in the deltaic sediments of the Colville 
and adjacent rivers, north arctic. Alaska. Ibid. 

Naidu, A. S. and T. C. Mowatt. 197 5. Clay ·mineral composition 
of the Alaskan Chukchi Sea, Arctic Ocean. In Proc. Int. 
Clay Mineral Conference, Nexico. 112-113 pp. 

Naidu, A. S., G. Freitag and T. C. Mowatt. 1976. Clay minerals 
in recent sediments of the continental shelf, central and 
western Gulf of Alaska. Proc. 27th Alaska Sci. Conf., 
Univ. Alaska. 25 p. 

668 



Publications: Pettus, J.P., C, R. Geist, G. E. Schulta, and R. R. Zimmermann. 
1974. Recovery from malnutrition: food preference and 
neophobia. Perceptual and.Motor Skills 38:767-773. 

Strobel, D. A., C. R. Geist, R. R. Zimmermann, and E. K. 
Lindvig. 1974. Cue locus - a factor in the behavioral 
def~ciency of the developing protein malnourished monkey 
(Maaaaa mulatta). Behavioral Biology 10:473-484. 

Wells, A., A. Jones, M. Williams, and C. R.· Geist. 1974. Noise, 
vitamin A deficiency, and emotional behavior in rats. 
Perceptual and Motor Skills 3S:392-394. 

Zimmermann, R. R. and C. R. Geist. 1974. A primer of animal 
behavior for the lay-person. Contemporary Psychology 19: 
115-116. 

Zimmermann, R. R., C. R. Geist, and L. A. Wise. 1974. Behavioral 
development, environmental deprivation, and malnutrition. 
In Advances in Psychobiology, vol. 2, ch. 3, G. Nevrton and 
A. H. Riesen, eds. .John \.J'iley & Sons, Inc., New York. 

Zimmermann, R. R., R. Guest, and C. R. Geist. 1974. Improve
ments in self-concept during psychotherapy in a maximum. 
security prison. Perceptual and Motor Skills 39:311-314. 

Zimmermann, R. R., C. R. Geist and P. K. Ackels. 1975. Changes 
in the social behavior of rhesus monkeys during rehabili
tation from prolonged protein-calorie malnutrition. 
Behavioral Biology 14:325-333. 

Zimmermann, R. R., C. R. Geist, D. A. Strobel and T. J. Cleveland. 
1975. Attention deficiencies in malnourished monkeys. In 
Early Halnutrition and Mental Development. (Symposium of 
the Swedish Nutrition Foundation, vol. XII.) J. Craviota, 
L. Hambraeus, and B. Vahlquist, eds. Uppsala, Sweden, 
Almquist and Wiks Wiksells. 

Zimmermann, R. R., C. R. Geist and D. A. Strobel. 1975. The 
behavioral deficiencies in protein deprived monkeys. In 
Nutrition: Its Contribution to Nental Function. (Advances 
in Behavioral Bio~ogy Series, vol. 14.) Plenum Publishing 
Co., Ne'v York. 

Zimmermann, R. R • ., D. A. Strobel, P. Steere and C. R. Geist. 
1975. Behavior and malnutrition in the rhesus monkey. 
In Primate Behavior, vol. 4, L. Rosenblum, ed. Academic 
Press., New York. 

Geist, C. R. 1976. Drugs and Drug Dependence. In Correspondence 
Study Program, Continuing Education Program, Univ. of Alaska, 
Fairbanks. 

Geist, C. R., R. R. Zimmermann, 0. W. Smith and E. M. Geist. 
1977. The emergence of a kwashiorkor-like syndrome 
associated with protein calorie malnutrition in the 
developing rhesus monkey (Maaaaa muZatta). Psychological 
Reports 40:1339-1344. 

Smith, 0. W., P. C. Smith, R. R. Zimmermann, and C. R. Geist. 
1977. A rntio scale for comparison and evaluation of 
visual size constancy data and theory. Perceptual and 
Motor Skills, submitted. 

669 



ocs 77-26 

Research Proposal 

to 

National Oceanic and Atmospheric Administration 
Outer Continental Shelf Environmental Assessment Program 

Boulder, Colorado 80302 

THE ENVIRONHENTAL GEOLOGY AND GEOMORPHOLOGY OF THE BARRIER ISLAND 
LAGOON SYSTEH ALONG THE BEAUFORT SEA COASTAL PLAIN FROH 

PRUDHOE BAY TO THE COVILL!'~ RIVER 

R.U. #530 

College of Environmental Sciences 
Solid Earth Science 

University of Alaska 
Fairbanks, Alaska 99701 

TOTAL COST: $30,099 

nnon 
Prine pal Investigator 
Univ£rsity of Alaska 
Fairbanks, Alaska 99701 
(907) 479-7809 

A. B. Frol, Director 
Administrative Services 
University of Alaska 
Fairbanks, Alaska 99791 
(907) 4 79-7340 

D~ ~~~~:==~--v. Alexander, Acting Dean. 
College of Environmental Science 
University of Alaska 
Fairbanks, Alaska 99701 
(907) 4 79-7210 

///./'J . - ··(' _'""'-.._,,_(_ <>,--~ ( --'~' ~ 
K. B. Nather, Vice Chancellor 
Research and Advanced Study 
UnivPrsity of Alaska 
Fairbanks. Alaska 99701 
(907) 4 79-7282 

June 30, 1977 

670 

' \ 

I 

\ 
t: 

r 

r 
I 

l 

I 
~ 
1 



I. T:f,.tle 

The·Environinental Geology and Geomorphology of the Barrier Island -
Lagoon System along the Beaufort Sea Coastal Plain from Prudhoe Bay 
to Coville River 

Research Unit #530 

II. Principal Investigator III. Cost of Proposal 

Dr. P. Jan Cannon 

Total: $30,099 
Beaufort 100% 

IV. Background 

The barrier islands of the Beaufort Sea are composed mainly of gravels. The 
natural habitats of much of the wildlife of the coastal zone have a substrate 
of gravel because of its stable properties. Development of energy resources 
in the area will require huge amounts of gravel for various uses. The Barrier 
islands would appear as a ready source of gravels for the developmental needs. 
However, the source of the gravels is not known and the stability of the 
Barrier islands is directly related to the gravels. In simple words: no 
gravel, no islands. The question to be answered first is why are the islands 
there or why is the gravel where it is? The outcome of this research is to 
provide information which can be used to determine the dynamics of the barrier 
island-lagoon system and the possible source of the gravel in the islands and 
sources of gravel for developmental use that will not effect the stability of 
the Barrier islands. 

V. Objectives 

1. To determine the origin and evolution (geomor·phic history) of the 
Barrier islands and the coastal lagoons. 

2. To determine the source(s) of the gravel size materials that make 
up the Barrier islands. 

3. To determine the stability of the barrier island-lagoon system in 
respect to natural processes and man induced effects. 

4. To determine the magnitude of the geomorphological relationships 
between the barrier island-lagoon system and the landforms of the 
coastal plain such as the various streams, dune fields, ground 
patterns, thermokars.t features, deltas, pingos, lugs, and lakes. 

5. To construct a spatial and temporal model of the environmental 
geology of the region. 
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VI. G~neral Strategy and Approach 

A geomorphic history is based on the construction of a chronology of geomorphic 
events. Spatial .information and sequential observations of large portions of 
the coastal zone are necessary in order to construct a chronology. Landforms 
are the products of the manner in which the energy of geomorphic agents 
(such as wind, water, and ice) is expended upon terrestrial materials •. Since 
geomorphic agents interact to various degrees at or near the earth's surface, 
a variety of landforms can be generated in almost any locality. Landforms are, 
therefore, a record of the geomorphic agents which have dominated or are 
presently dominating the patterns of energy interchange at some point on the 
earth. 

The ass.emblage of landforms and the geomorphic processes which are effected 
as a·resuit of the creation of the assemblage form that which is termed the 
environment of a particular area on the earth's surface. The identification of 
a landform or of an assemblage of landforms provides information about the 
environment which can be used to evaluate the natural history of the environment 
and to appraise the impact of induced changes. 

The basic approaches are as follows: 

1. Interpretation of aerial photographs, radar imagery, LANDSAT 
imagery and thermal infrared imagery. 

2. Ground reconnaissance, on foot and boat. 

3. Low altitude aerial reconnaissance, this is very important 
part .of ground truth measurements· and map unit verification. 

4. Evaluation of existing literature. Note te term "evaluation," 
there exists several ambiguities in the literature about the 
area. 

5. Exchange of data with A. S. Naidu. 

6. Geomorphic analysis of existing maps. 

7. Comparison of sequential data. 

8. Compilation of a landforms map of the region. 

9. Compilation of an environmental geologic hazards map of the 
region. 

10. Compilation of .a shoreline stability map. 

11. Construction of an environn1ental energy flow model for the 
region. 

12. Analysis of the future effects of natural processes and man
induced effects. 

13. Establish the relationships between gravel 4eposits and possible 
sources of the gravel. 
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'l'he thirteen preceeding statements are an outline of an approach to meet the 
scientific objectives and establish informatio~ which is to be displayed 
or discussed in the products. The initial step is to make a temporary 
identification of the existing landforms. The second step therrfore is to 
verify the landform identification. The landform verification is approached 
py utilizing the principles of the concept of multiple working hypotheses. 
In some cases the landform verification will necessitate ground samples and 
detail analysis of those samples (such is foreseen in the origin of Barrier 
islands). The verification of other landforms may call for a regional ·look 
at the geomorphic system. Often in geomorphology the answers are found out
side of the area of specific interest. A delta quite often reflects factors 
that exist in the watershed of the streams at points somewhat removed from. 
the delta itself. Therefore just looking that the delta itself will never 
answer all the questions. A case in point here is the stability of the Barrier 
islands of the Beaufort Sea. The expected life of the Barrier islands can be 
ascertained only by looking at the complete stream systems whi~h terminate in 
the coastal zone. Directions of sampling, evaluation, and interpretation will 
continually change as information is collected and exchanged. The exchange of 
information as it is collected with A. S. Naidu will be extremely important 
to his project as well as to this project. Our interpretations will be based 
on the information collected and analyzed, and not on some vague preconceived 
ideas. In both projects "fingerprinting" of the sediments in the coastal zone 
will be used to determine the sediment sources. The project of A. S. Naidu will 
be used to determine the sediment sources. The project of A. S. Naidu will 
look at the fine-grain sediments and this project will look at the coarse-
grain sediments. Our information will then be combined to produce a complete 
geomorphic history of the area. 

Remote sensing data will be used to provide very important information about the 
subtle geomorphic features of the Barrier island system, and the impact of sea 
ice on the Barrier island system. The information from the various remote 
sensing techniques will be combined to produce the stability map. 

Field observations' interpretation of the remote sensing data, and information 
from other projects operating in the barrier island system will be utilized 
to make an evaluation of possible environmental impact problems. 

Side-looking airborne radar imagery (SLAR) of barrier island system is required. 
Low altitude K- or X-band required. X-band radar imagery is presently being 
acquired of the area for other OCS projects. This radar imagery would be usable, 
copies would only .have to be mad~ available to the investigators. 

Thermal infrared imagery should be obtained anytime the barrier island system 
becomes ice free (late July or August). This thermal infrared imagery should 
·be acquired from 40,000 feet AGL, by the NASA Convair 990 research aircraft 
with the Texas Instruments' thermal imager. The T.I. thermal imager on_board 
the NASA Convair 990 has been used to acquire data for NOAA of parts of Alaska. 

Almost any type of aerial photography taken during the summer will be a help to 
tne study. The investigators can make use of either black and white, color, 
color IR, or multiband photography. 
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VII. Acquiring photographs and image:ry from ground and aircraft. 

VIII. Not applicable 

IX. Anticipated Problems 

The only problem anticipated at this time is obtaining information about ice 
dynamics during deep winter in December or January. Acquiring radar imagery 
of the area during this time of year will probably s.olve the problem. 

X. Deliverable Products 

A. Digital Data: 

None. 

B. Narrative Reports: 

A report which provides the following: 

1. A fact supported origin for the Barrier islands and the coastal 
lagoons. 

2. An evaluation of possible environmental impact problems in the 
barrier-island-lagoon system. 

3. A description of the geomorphic processes acting upon the 
barrier-island-lagoon system and the coastal plain. 

The reports will discuss and explain the information displayed on the 
maps. The reports will explore possible impacts on the barrier island 
system and describe how these impacts would be related to the dynamics 
of the barier island-lagoon system and the coastal plain. The reports 
will be an expansion of the explana~ions that accompany the maps. 
The report.' will stress the relationships between the Jones Islands 
and the Return Islands and the c'oastal plain. 

C. Visual Data: 

1. A landforms map of the Barrier Islands and the coastal plain 
identifying and describing important geomorphic features. 

2. A map which indicates the potential environmental hazards. 

3. A map which indicates the stability of the Barrier Islands and 
the shoreline of the coastal plain. 

Environmental geologic data must be displayed in spatial format if a rea
listic evaluation is to be made of an area. If changes are induced, 
natural environments respond in all dimensions. Therefore, components of 
natural environments must be displayed in a spatial framework which 
portrays their degree of physical association. This makes it necessary to 
display environmental information on maps, because point values cannot 
convey a complete indication of the degree of interface between components. 
This is important if predict~ve model studies. are to be made of the area. 
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Map 1. Landforms of the Coastal Zone 

This map will locate, identify; and describe the various coastal land
forms. The explanation will indicate the origin of the particular landform 
types, the possible lifetime or stability of each particular landform type, 
and the economic importance of each landform type~ 

Map 2. Potential Environmental Geologic Hazards 

This map will indicate the extent of possible environmental geologic 
hazards such as· storm flooding, seismic sea waves, tectonics, outburst 
flooding, and other hazards discovered during·the project. 

Map 3. Stability of the Barrier Islands and the Shoreline of the Coastal Plain 

This map will indicate the relative stability of the Barrier Islands and 
the shoreline·of the coastal plain as determined by landform analysis, 
sequential data, and quantitative data from other projects. This map will 
also show dominant longshore drift and can be used to determine the effects 
of man-made structures on the barrier island system. 

D. None. 

E. Data Submission Schedule 

Narrative data will be submitted by quarter. All narrative data will be 
updated and combined in the final report. The maps will be submitted 
with final report on 30 September 1978. Data collection began May 1977 
and will continue through July 1978. Map data concerning geomorphology 
will be incorporated into the maps as it is obtained. 

XI. Information Required From Other Investigators 

Information about fine-grained sediments will be obtained from R.U. #529. 
Arrangements have been made to communicate with the Principal Investigator of 
R.U. #529, Dr. A. S. Naidu. 

XII. Not applicable. 

XIII. Not applicable. 

XIV. See attached form. 

XV. Management Plan 

This project will be managed by making observations of the field site at times 
predetermined with the use of remote sens~ng data. This will be done in order 
to observe the important geomorphic processess at the best time possible. A 
conceptual model will be constructed from preliminary data. This model will 
then be modified with field observations and new remote sensing data. As 
field facts are obtained they will be compiled.on a preliminary map. This 
will form the basis for determining the map units and the direction of additional 
field study. This type of approach is shown in the milestone chart. 
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XVI. Outlook: 

1. 

2. 

3. 

4. 

5. 

6. 

XVII. 

The maps which will be made would provide the reference data 
needed for various types of planning and land management. 
The Barrier Island model could be used to determine the potential 
problems of development in other parts of the arctic coast. 

The determination of origin and stability of all parts of the arctic 
coastal zone would be an extremely significant milestone. 

Cost by fiscal year would be approximately $35K. 

A stereo t.ransfer scope would be required for a larger mapping effort. 

The rest of the arctic coast should be mapped. 

Logistic requirements would not differ greatly from FY '78. 

Contractual Statements: 

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

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

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

4. See section XV of this proposal. The University of Alaska agrees 
that the Principal Investigators can travel to the Project Office 
at least twice during the contract year, provided that such 
travel is in 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 of Alaska and NOAA/OCS in the negotiating of the 
Data Management Plans for each of the tasks falling under the 
jurisdiction of this office. 

6. As per 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." · 
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7. Within 10 days of the completiob 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. 

8. This is in accordance with the base contract with which we shall 
comply. 

9. Three copies of all publications or presentation abstracts or 
manuscripts pertaining to technical or scientific material 
developed under OCSEAP funding will be submitted to the COTR 
sixty days prior to publication ·or presentatiqn. Copies of 
all news releases mentioning OCS or using information gathered 
by OCS funding will be sent to the COTR. 

10. The following acknowledgement of sponsorship will be used: 

"This study was supported under contract 03-5-022-56· 
between the University of Alaska and NOAA, Department 
of Commerce through the Outer Continental Shelf En
vironmental Assessment Program to which funds were 
provided by the Bureau of Land Management, Depart
ment of Interior." 
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MILESTONE CHART 

RU f!: 530 PI: P. Jan Cannon -----------------
Major Milestones: Reporting, data Management and other sJgnifit~nt. 
contractual requirements; periods of field work; workshops; etc. 

f I f 
First draft of maps I I J ' 

t 

Field check map units f: r--1-

Compile reports 

Revise and finish mans 

i I I I Complete reports I l I 
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IV. Bl\CI<GROUND 

The work proposed here represents the second year of studies 

undertaken with a view to understanding the hydrography and cir-

culation of an Arctic Barrier Island-Lagoon ecosystem: Simpson 

Lagoon, Alaska. The project is complementary to R.U. 526 being 

undertaken by the University of Alaska. In the wider sense, 

the physical oceanography studies have the dual goals of provid

ing supporting hydrographic data to the biological and geomor-

phological studies, and of assisting these disciplines in the 

overall goal of assessing the susceptibility of Arctic Barrier 

Island-Lagoon systems to modification by nearshore or offshore 

development. 

Although th~ starting date for the first year of research 

was only a few days ago (13 June 1977), participation in two 

ecological modeling workshops and numerous discussions prior to 

the start date have provided a clear indication of the need by 

the biological and geomorphologicai disciplines for flm·l-rate, 

current and trajectory information. Furthermore, it is vital 

that information concerning the wave climate seaward of the 

barrier islands be made available to the geomorphologists. The 

first year of studies, still to be undertake~ will provide. 

representative information on conditions at selected entrances 

tq the lagoon (principally at. the eastern ann western ends) and 

along the longitudinal axis of the lagoon. Current, conductivity, 

and temperature profiles will be obtained during August 1977. 

These data, when combined with our initial numerical modeling 
. 

experiments (see section VI) and with the results of the research 

being undertaken by the University of Alaska, should give us 
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a fair idea of the overall circulation and hydrography of Simp-

son Lagoon, and of the relative importance of the various 

entrances. 

Our proposed second year of studies covers three specific 

areas: first, the completion and verification (using field 

measurements} of the three-dimensional model of the lagoon 

principally aimed at the computation of flow rates, currents 

and particle trajectories; followed by an estimation of the 

winter current velocities (using a three-dimensional model) 

under a cover of ice: secondly field measurements in Simpson 

Lagoon and its entrances; and thirdly, the design and operationof 

a wave gauge. The first two of the above ·study areas will 

build upon the first year's research and field measurements .. 

In particu·lar 1 it is hoped that an optimum location of the 

current meters will be achieved as a result of the first year 

of modeling studies and measurements. The improvement of the 

three-dimensional model through use of the measurements taken 

during the first year should also follow. These improvements 

will also lead to greater confidence in the use of the model 

in simulations of an ice-covered region. The principal impor

·tance of the modelir~g and current and trajectory measurements 

will be that of providing information on the most likely trans-

port of sessile organisms, nutrients, ·and sediment through 

Simpson Lagoon. This transport, which is of great importance 

in studying biology or sedimentology, is considerable during 

the Simpson Lagoon summer owing to the lagoon being essentially 

an open system driven principally.by wind and sea level changes, 

occasionally by ri~c~ flow, and possibly by the entrance density 

structure.· 
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Wave measurements, neglected during the first year owing 

to budget restrictions, are essential for the study.of the 

formation of barrier islands. Measurements inside Simpson Lagoon 

are probably not necessary, since they are of short period, 

and probably of importance only concerning the undercutting 

of the landward shores of the Lagoon. Measurements outside 

the Barrier Islancs will do much to assist geomorphologists 

in estimating the causes of formation of Barrier Islands and 

the reason for their movement. Aerial photos should be obtained 

during the first year of studies and studied as a means of 

determining the distance of breaker zones from the shore. We 

hope to take such photos during the flights being made for the 

Lagoon hydrographic surveys. 

A three-space variable density multi-level numerical model 

of shallow water hydrodynamics has been prepared and 

tested. The finite-difference equations are analogs of the 

vertically integrated (over each level) equations of motion, 

continuity,·and conservation of salt and "heat." Terms in the 

vertical equation of motion of the same order as the local 

acceleration are neglected. The first order flow is treated 

explicitly while sub-grid scale motions are expressed as 

products of local gradients and eddy coefficients. The field 

acceleration terms are taken in divergence form to conserve the 

average and variance of the advected quantity. 

Th·e vertical exchange coefficient is a function of a mixing 

length which is a parabolic function of depth, the vertical 

velocity shear, and stability. \'le feel this single aodification 

greatly cnhai1ces the model's ability to portray turbulent mixing. 
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The model has been tested to determine its conservative . . 
characteristics, which are mor~ .than sufficient. Evaluating 

the model's sensitivity to variations in the lateral exchange 

coefficients proved difficult due to the lac~ of field obser-

vations. However, comparisons with exact soluiions for steady 

flow revealed no radical change as the coefficients were 

varied over three decades. 

The model has been applied to East Lagoon on Galveston 

Island. The lagoon is approximately 1.6 km long, 0.5 km 

wide, and has a maximum depth of 5 meters. It is connected 

to Bolivar Roads (the pass between Galveston Bay ·and the 

Gulf} by two 20 x 5 ft conduits at the shallow end of the 

lagoon. Extensive field observations of temperature, salinity, 

and currents were obtained over a three-day period by a biological 

oceanography student at Texas A&M. The results of simulating 

the flow in East Lagoon were subsequently used by -the student 

as input to a biological model of species distribution. The 

following figures compare the computed (solid) and observed 

(dashed} temperatures and salinities in a vertical section down 

the lagoon's center. The bottom panel shows the computed 

currents and water surface. "The results are indicative of what 

can be realized by applying a reliable model to a hydrodynamically 

simple system with adequate data to stipulate boundary conditions. 

_690 



----------. ---
. -------- -~,........._ _______ ....__ 

-.... -
11111i:::::W~::::WWiCIUIW=---

Ten~perature 

_.... _______ ._._ ................ _ ....... _ ..... __ ..,_, _______ ...... 

Salinity 

Currents 

04-00 tfrs 18 · Sc:pt 
691 



---~--........ . ------- . . 
.................. __ ......_ . 

. ~~~~~~ 
~ . -------- ..... --..,~ 

-

-- ....... --, -------.---=-=- -
~============~ 

,.,_. .... .- ............ -- ............ --
_ _.... __ _,__....,_ ____ __ 

Temperature 

-----=wzaaaaJW ....... 
.............. --~---

~ ..... ----~---- ...... --

-----------

Salinity 

IL 
Currents 

·t 0 .0 

Fi~1ure· 2 692 

·r-ae----------~--

o· 

76 



........... ____ ...... __ 
. ----------- ..... ..._ ....... , 

_____________________ ..,... ____ ...,l!!lla.-------··. ~ . .. . 

.... ------.--------..... 

.-- __ ...,. ___ .,... 
Ten1.pera ture 

----------~-~--~--==--=·=--~ ---~ .... --.-:;t:J ...... ~.--....-aa~ 

Salinity 

" 

Currents 

2000. TTr-s 19 Sc.pt 76 
Fi9ure 3 

693 



V, OBJECTIVES 

1. Continuation of three-dimensional Simp~on Lagoon numerical 

model design, computation and verification of flow rates, 

currents, and particle trajedtories. Experiments will be 

conducted with the ·three-dimensional Simpson Lagoon model 

to simulate the effect of a total ice cover. 

2. Summer field measurements to be made in Simpson Lagoon, 

principally of drogue movements and of entrance currents. 

l. 

3. Wave gauge design, construction and initial tesfing. Wave 

measurements to be made outside Simpson Lagoon, up to 3 km 

from Pingok Island. Outputs from three pairs of pressure 

transducers will be monitored and the data stored digitally 

on cassette tape. 

The first and second objectives can be considered together 

in that they are both aimed at providing other scientific 

disciplines with information concerning movement due to currents. 

The drogues will provide estimates of surface currents, while 

the model will provide estimates of currents throughout the 

(short) water column. This information will help the various 

scientific disciplines (and other interested parties) in the 

estimation of transit times of any substance or fluid introduced 

into the lagoon. Information of this type.will allow verifica-

tion of the numerical model (which can then be used to study a 

v~riety of new conditions: the effect of closures, fbr 

example). Furthermore, such information will assist greatly 

in the improvement of the understanding of the biology of the 
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region and will facilitate th6 desigri of contingency plans. 

The third objective -- that of providing wave information 

will principally benefit geomorphologists and other dis-

ciplines needing wave data for the successful completion of 

their research. In addition, the wave data will probably be 

of help in permitting the Bureau of Land Management to assess 

any statements relating to wave measurements that may be made 
. . 

by industrial concerns as part of their environmental impact 

statement. (An additional benefit of the proposed wave 

monitoring system is that a number of spare channels in the 

data gathering system will be made available to other discip-

lines wishing to record time series data. This will aid in 

the efficient handling of data.) 
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VI. GENERAL STRATEGY J\ND APPROACH: 
Modeling 

We are now in a position to initiate numerical experiments 

by applying the model to Simpson Lagoon under the influence of 

different winds and river outflows. 

The Simpson Lagoon model will be excited with uniform winds 

of 5, 10 and 15 ms-1 . Only two wind directions, east northeast 

and northwest will be assumed. This is a reasonable set of 

forcing specifications considering the dominance of the wind 

directions cited and the small frequency of speeds greater than 

20 ms-l (EPA, 1975). 

It is also anticipated that attempts will be made to simu-

late the flow in Simpson Lagoon under winter .conditions. These 

initial efforts will treat the ice as a membrane responding 

as the free surface. It is possible to allow for variable ice 

thickness with a small amount of receding the computer algorithm. 

but in the absence of ice condition observations we feel this 

degree of realism should be deferred. The computations proposed 

will at. least provide the vertical current shear as modified 

by a uniform ice sheet. 

The results of the numerical experiments will provide 

information from which trajectories and flow rates can be 

readily computed and be available as inputs to analyses by other 

disciplines. 

When field data are lacking, specifying conditions on the 

seaward boundary poses a problem. Usually, we simply extend 

the computing grid seaward, which reduces the effect of the 

other conditions on ~he interior solutions. However, for Simpson 
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Lagoon this would require a grid array of approximately 100 x 50 km. 

A five-level rendition of the region with a grid of 2 x 0.5 krr 

and a time step of 30 s would consume two to three minutes of 

computer time for each hour of prototype time. With a modest 

budget this is not f~r.Eible. 

the lagoon proper be mode~.ed. 

Therefore, we suggest that only 

With a computing array 100 x 14 km 

and smaller depths, this would effectively reduce the computer 

time by 50-75%. 

Boundary conditions on the flow at·the passes will be 

de~ived from the results of applying a coarse-grid extended area 

model to the Simpson Lagoon region. Forcing will be identical 

with that taken for the limited area model. Historical data 

will be used to define the initial density field. 

After the field program, we will perform computations with 

the limited area model to verify its ability to simulate the 

summer circulation within Simpson Lagoon. The field data will 

provide stipulation of realis·tic boundary conditions and 

forcing functions. The results of the computations will be 

compared with the Lagrangian and Eulerian current observations 

obtained during the corresponding simulation period. 
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Field Measurements 

The 1978 summer field measurements will be undertaken with 

a view to providing current, flow rate, and trajectory informa-

tion in the interior of Simpson Lagoon. The measurements will 

be made in cooperation with the University of Alaska. The infor

mation so derived will be used by biologists, geomorphologists, 

physical oceanographers and others. 

Although both Universities will be studying the entrance 

currents of Simpson Lagoon, Texas A&M University will primarily 

concentrate on trajectory measurements, while the University 

of Alaska will concentrate on water level measurements and on 

time series measurements of temperature and salinity. Texas 

A&M University will, in addition, assist in making salinity 

and temperature measurements along suitable entrance or lagoon 

cross-sections. 

a) Entrance current meter measurements: Texas A&M Univer-

sity, in conjunction with the University of Alaska, will endeavour 

to obtain time-series measurements of a combined total of 8 

entrances: by Summer 1978 the University of Alaska intends to 

have 5 current meters that record time, current speed and direc-

tion, ~emperature and salinity. Texas A&M requests funds in. 

this proposal to purchase 3 current meters for recording only 

time, and current speed and direction. 

As a tesult of discussions with Shale Niskin of General 

Oceanics, Texas A&M will be taking 3 especially-designed twin-

rotor ductcd current meters (see figure 4) to Simpson Lagoon 

for the Summer 1977 field season. These unique current meters 
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haVe: a) a rotor and gearinq syste~ that counts up and down 

with the passage.~£ a wave so as to reduce wave contamination 

of the records, b) a double cdne arrangement that keeps the 

duct parallel to the current direction, with no tendency to 

change direction by 180° with the passage of a wave (as is the 

case with meters having fins), and c) a compass that can be 

clamped after a passage of time to indicate one direction. We 

expect to find this a hardy and suitable instrument for use in 

a cold wave-subject environment. Consequently, for use during 

the Summer 1978 field season, we propose to order a modification 

of this design that will include in addition a clock, light, 

and cine camera. The three A&M recording ducted current meters. 

will supplement the proposed 5 University of Alaska current 

meters (hopefully, modified to include the use of the new 

twin-rotor ducted velocityseflsors) so as to provide an excellent 

coverage of the motion of water through the principal 8 entrances/ 

exits of Simpson Lagoon. Regrettably no redundancy exists to 

cover the possible loss of meters. 

b) Drogue tracking: As part of our goal of providing 

real data on the motion of particles through Simpson Lagoon (for 

use both by the various disciplines and for model verification) 

we propose to track surface and shallow current drogues in 

Simpson Lagoon through the use of radar. The seemingly expensive 

purchase of .a radar set is easily justifi8d in terms of the 

convenient recording of the drogue positions and through the 

reduction o£ the number of field assistants involved in the 

project. ·Costs for each system (excluding drogues., 3 

personnel from Texas A&M) ar~: 
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Radar Radio Direction Finding 

3 KW pulse, 16 mi radar $3300 ~ RDF radios + 10 x mtrs. $ 1600 

2. 5 K\v generator 660 3 assistants, 1 mo 
each 4500 

Antenna tower 600 

Cine camera (& film) 500 
t4inimum 60 dn.ys 

per diem 3000 

Cables, etc. 200 Travel, minimum 600 

$5060 $ 9700 

The general approach used will be to install the 40 ft tri

angular tower on the coast near the upwind end of the lagoon. 

The radar antenna \'lill be placed on top of the toNer, with 

video sign · 'ing transmitted down co-axial cableto the set. 

Reflector ·. )Oed· drogues will then be released. A typical 

set (KONEL KRA116) can display ranges of 1/2, 1-1/2, 4, S, 

and 16 mi on a 7 in sc.reep. Reflector equipped drogues should 

be visible inside the lagoon at ranges of up to 10 mi. At 

this range we expect absolute ac'curacies of 0. 2 mi in range. 

The drogue positions will be recorded using a super-B cine 

camera equipped with an intervalometer - thus reducing to a 

minimum the possibility of mistaken drogue identities. For 

the long-term tracking experiments, when the drogues begin to 

pass out of range --pro·bably after 24 hours .-- the radar 

antenna will be moved to a new sight. 

We plan to install the radar near the base camp (probably 

on l?ingok Island)· at the start of the 1978 surruner field season. 

Drogues will be released and tracked at regular intervals. For 

two S~day periods the radar \'lill be moved to the shore (should 

this advantageously increase the range), and drogues will be 

701 



tra·cked as they drift through the lagoon by moving the radar 

as necessary. At all other times the radar will serve as 

a navigation device which will materially improve position 

finding capabilities (through the use of 2-way radios). Last, 

but not least, the radar will prove a useful safety device in 

a region where few such safety aids exist. 
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Wave measurements 

The selection of a wave measuring system suitable for use 

on the Simpson Lagoon barrier islands must take into account 

the risk to equipment due to the possible passage of ice. In 

·particular, it is essential that a) equipment exposed to damage 

by ice be reduced to a minimum, and, b) that sensors be dupli

cated for redundancy or that means be found for their timely 

replacement. We feel that these constraints preclude the use 

of self-contained, pressure-type·wave recorders and that the 

use of remote recording equipment is indicated -- using either 

bottom-mounted pressure sensors or resistance-wire wave staffs. 

The choice between pressure sensors (with the attendant 

problem of wave pressure atte~tuation) and resistance-wire 
' 

wave staffs (with the problems of nonlinearity due to water 

drainage, and susceptibility to damage) is an important one. 

Each sensor, without supporting structure, costs on the order 

of $650. The tripod, subsurface buoy or other structure needed 

to support the wave staff is likely to cost around $1,000 by the 

time it is on the barrier islands; furthermore its replacement 

lshould such be necessary) using a Zodiac or Boston Whaler would 

be difficult. We are left with the conclusion that the pressure 

sensor will be the best alternative. 

Discussions with Dr. A. s. Naidu at the Institute of Marine 

Science, University of Alaska, have indicated his need for wave 

measurements in 15-20 ft of \vater - preferably some 2\! nm 

on the seaward side of Pingok Island. Two problems thus 
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arise: a) the laying and sur~ivabillty of cables, and b) the 

need for encoding the small resistance or vbltage changes. The 

first of these problems can partially be met by using a weighted 

cable with some redundancy (but may set an upper limit on the 

cable length), the second problem can be solved fairly easily 

by converting the pressure sensor output signal to a frequency

modulated audio-frequency signal (say, centered around 1500 HZ). 

In view of the need for redundancy and for fairly detailed 

information concerning the wave climate as a function of 

distance from the shore, the need for a digital data logger is 

clearly evident. Furthermore, unless data are recorded 

digitally, processing the data in the time frame required_would 

be ~lmost out of the question. We, therefore, recommend the 

use of a multi-channel data logger. A visual output in the form 

of voltmeters and occasional paper chart records will be desir

able for verifying equipment functioning and for assessing the 

day-to-day wave climate. The selection of a suitable data 

logger depends as much on the convenience with which the digital 

data can be extracted through interfacing with a mini-computer 

as on the sampling rate and number of channels. After discussions 

with the Texas A&M D~ta Processing Center, the need for a d~ta 

reader with an 8 or 16-bit parallel output with "handshaking" 

{_the means by \vhi.ch the mini-computer informs the data reader 

that it is ready for another word of data) is very clear. Con

siderations such as these have led us to one such combination: 

the Datel 32 channel DL2B data logger and DL2R reader or 

equivalent. 

The wave measuring system as presently envisaged is <lS 
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~allows (approximate costs being ~dded in parentheses): 

A. Sensors 

Stainless steel pressure ~ensor with strain gauge and 

water-tight connector ($400) mounted on simple pressure 

housing ($100) that contains the electronics. The elec-

tronics will consist essentially of: a ~onstant current 

generator (power to be supplied from the shore), a preci-

sian reference resistor, a voltage controlled oscillator 

and an amplifier ($200)~ The sensor will be mounted on 

a suitable block. 

B. Connecting wire 

Two twisted pairs in a single non-floating cable ($150 

per 1,000 ft) .. The two pairs will give us flexibility 

in the design, and will permit us to send power to the 

pressure sensors, and to receive two separate frequencies 

* from the sensors. 

C~ Decoder and display 

The FM {audio-frequency) signal{s) will be converted to 

DC for the purpose of displaying the signal ($100) . This 

signal could also be used as the input to the data logger, 

although it may be desirable to use an alternative form 

of convertor. 

* Note: It may be desirable to use double armored cable ($825/, 
1000 ft) at the shoreline. Strengthened (cadmium bronze) cable 
might provide greater underwater reliability ($510/1000 ft.) 
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D. Data logger 

We present envisage a Datel Model DL2B 32-channel cassette 

tape recorder ($4440). Such recorders are self-contained, 

run off batteries, are housed in rugged containers, can 

record every second or better, and have a variety of 

controls for selecting recording times, channels, header 

information, etc.. Little is to be gained on reducing 

the number of channels. We hope that other disciplines, 

such as Meteorology, will make use of the logger to store 

their data. 

E. Reader 

Thecrosette tapes are read into a mini-computer and 

written onto conventional 9-track tape using a Datel 
($3500). 

model DL2B/ Sixteen-bit words (in parallel) will pro-

vide a high rate of data input -- of the order of 30 

minutes/cassette. The necessary interface mini-computer 

and expertise are available at the Texas A&M University 

Data Processing Center. 

Timely construction and testing of the complete system 

in an ocean environment (Galveston, Texas) is essential. 

The starting date for assembling the system should be three 

months before the start of the field seasort (e.g., a start 

date of mid-March for a mid-June field season) • In order 

to reap as much benefit as possible from the wave measure-

ments, the system should be installed as early as possible 

during the fieid season. It i~ hoped that the system will 

be maintained by a combination of monthly visits from Texas 

A&M,visits by University of Alaska personnbl, and by 

members of the LGL biology team. 



VII. SAMPLING METHODS 

Field measurements (excluding waves) 

Three participants from Texas A&M University will be in the 

field during the Summer of 1978. The principal and co-principal 

investigators will each make two visits: the first being of 7 

days duration, the second of 30 days duration. The 7-day visits 

will be used to establish and check the radar and wave recording 

facilities, and the two 30-day visits (overlapping by 20 days) 

will be used primarily for two .tn·tensive -5-day lagoon study 

periods. An assistant will be in the field during the overlap 

period. 

The intensive study periods will consist of radar-aided 

drifter tracking, entrance current measurements (using 3 film 

recording current meters), entrance conductivity and temperature 

measurements (using 5 C, T, current recording meters), water 

elevation measurements, axial surveys of the lagoon hydrograph~ 

(using float planes), meteorological measurements, and wave 

measurements (outside the lagoon). Underlined items are those 

to be performed by Texas A&M University. 

The two periods will provide data for documenting the physical 

oceanography of the lagoon and for use in calibrating and verifying 

the numerical models. 

Drifter tracking will be accomplished by moving the radar 

and antenna, probably once every day, should the drifters travel 

along the length of the lagoon. 

Entrance current speeds and directions will. be recorded on 

film at intervals of 10 minutes for later development, projection, 
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key-punching, and analysis •. The,equipmcnt is designed so as to 

reduce wave effects. 

Axial surveys, undertaken in cooperation with the University 

of Alaska and the biological parties, will include current,con

ductivity and temperature measurements using previously-purchased 

instruments. Measurements will be taken at intervals of 10 km 

from one end of the lagoon to the other. A float plane will be 

used for reasons of security and speed. 

At times other than the two intensive 5-day study periods, 

one specific entrance (to be chosen as a result of the first year's 

investigations) will be studied -- probably that off Oliktok 

Point. Visits will be made on a daily basis. Conductivity, 

temperature and currents will be measured. Drifters will be 

released upwi_nd for tracking by the radar (based at the 

Pingok Camp). Weekly visits will be made to the 3 current meters 

in order to change the film and check the meters. 
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VIII. ANALYTICAL METHODS 

Field measurements (excluding waves) 

Current meter data (on film) will beprojected frame-by-frame 

for eventual key punching. The data will be analyzed and plotted 

in the convention·al manner {histograms, spectra, etc. Y. 

Drifter data (on film) will be projecited onto a Hewlett~ 

Packard digitizing board. The individual f=ames will provide 

a means for identifying individual drifters. Every half hour 

the positions of the individual drifters (along with geographic 

coordinat~s) will b~ digitized. Tracks will then he plotted and 

velocities computed for eventual display, correlation with wind 

speeds and directions and model verification. 

Wave measu~ements 

The digitized wave records will be transferred from the 

cassettes to tape or disc for processing. A major· step will 

be the correction for pressure attentuation {a function of depth 

and period). This will be .accomplished by. convolving the wave 

record with the transform of the pressure correction (the depth 

will be assumed constant for each 10 minute wave record) • Wave 

spectra will then be computed by conventional FFT programs, and 

such quantities (bottom currents, etc.) as needed by the 

geomorphologists will be computed. 
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IX.· ANTICIPATED PROBLEMS 

Modeling 

The boundary conditions to be used in the winter circulation 

' 
simulations are not as physically satisfying as one might wish. 

This is due entirely to the lack of winter observations. The 

winter circulation computations are further limited by our lack 

of knowledge of how the ice thickness varies in space and time. 

Because of these considerations, applications of the multi-level 

model to Simpson Lagoon should be regarded as experiments to 

determine the response of the Lagoon to barotropic forcing 

under idealized winter conditions. 

Another difficulty which may be encountered concerns the 

wind-driven recession of the water line over the northwest end 

of-the Lagoon. If the water line recession exposes a signifi

cant area (on the order of 25 km2 ) during the field program 

the multi-level model will not be applied to Simpson Lagoon. 

There exists a long-wave model that allows for a moving shore-

line (Reid and Bodine, 1968) and it could be readily applied 

to Simpson Lagoon. 

Field measurements (excluding waves) 

Current meter.s: 

The chief problem here will be the possible loss or failure 

of meters and the probable lack of back-up meters. We hope that 

the 8 meters of Texas A&M University and the University of 

Alaska will be supplemented by loans from NOAA. 
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Drifter tracking: 

1) The transport of the antenna and its subsequent erection 

by 3 people will require logistic attention and some preparatory 

training~ The use 9f individual 10 ft guyed sections to a 

maximum height of 40 ft, along with the use of safety belts and 

possibly of a portable winch, should deal with the latter prob

lem. Extra manpower.or the use of a structure such as the DEW 

line site might help. 

2) Drifters may ·well go ashore and become lost or damaged. 

Adequate replacements and the full time use· of a boat. will be 

necessary. 

Wave measurements 

1) Loss of lines and/or sensors will be the most critical 

problem. Funds for sufficient wire and spare sensors must be 

provided. 

2) Due to the occasional presence of Texas A&M University 

personnel (on account of funding limitation~), we see the need 

for people to assist in making occasional checks, and change 

·cassettes and batteries, 
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X. DELIVERABLE PRODUCTS 

A. Digital data 

1. Digital data will consist of serial readings of 

current speed, direction and botton pressure as 

observed during the field program. 

2, The raw data will provide for the construction of 

tim~-series of current speed, direction, bottom 

pressure, sea surface elevation, and drifter locations. 

Vertical sections oriented along the lagoon's axis giving 

the conductivity, temperature and current speed fields will 

be prepared from data obtained during the three scheduled 

surveys. 

B. Narrative reports 

A report will be written giving the available technical 

information and specifications related to the design and con

struction of the mechanical and electronic components of the 

wave gauges. Additionally a guide will be provided outlining 

in detail the operation and maintenance of the apparatus. 

c. Visual Data 

Visual data will be in the form of black-and-white nega

tives or prints of the serial recordings of current speed, 

direction and drifter locations. 
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D. Other non-visual data 

None 

E. Data submission schedule 

The initial data collection is provisionally scheduled 

for June 1978. Data collection will be completed by 1 September 

1978. .Submission of collected data will be three to four 

months after conclusion of 1978 summer field program. 

713 



Data Products Schedule 

Data Type Media Estimated Processing and 
(i.e. Intertidal (Cards, cod- Volume OCSEAP Formating done 
Benthic Organisms, ing sheets, (Volume of Format by p. I. Collection Period Submission 
etc.) tapes, disks) processed data) (if known) (Month/Year to Month/Year) (Month/Year) 

Current speed Tape 12096 records 015 Yes , June . . 
1978 to 1 Sept 1978 1 Jan 1979 

Current direction Tape 12096 records II II June 1978 to 1 Sept 1978 1 Jan 1979 

Bottom pressure Tape 5 million II II June 1978 to 1 Sept 1978 1 Jan 1979 
records 

Drifter positions Chart 60 pages II II July 1978 to 1 Sept 1978 28 Feb 1979 

Conductivity ) 
TEr.-i;:Je ra ture ) Printout 70 pages II II July 1978 to 1 Sept 1978 1 Jan 1979 
Current profiles ) 

" t-' 
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XI. INFORMATION REQUIRED FROM OTHE.R INVESTIGATORS 

Sea-level records from three or more sites, surface wind charts 

and currents, salinities and temperatures from the selected entrances 

are expected to be provided .by, the University of Alaska. , Contact with 

University of Alaska personnel have been initiated and final 

arrangements are pending •. 
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XII. QUALITY ASSURANCE PLANS 

The current meters will be calibiated in a Texas A&M Univer-

sity flow tank under metered conditions and the pressure sensors 

will be calibrated in a~ appropriate pressure vessel. Radar 

vectoring will be checked by using sites of known locations as 

targets. The salinometer will be calibrated against a known 

sample. 

In addition to the calibration outlined above, all of the 

instruments to be used in the 1978 summer observational program 

will be field-tested in the Galveston area. 

After the field program the numerical model will be calibrated 

through comparisons of the observed and computed currents and 

water-level anomalies. 

XIII. SPECIAL SAMPLE AND VOUCHER SPECH1EN ARCHIVAL PLANS 

None 

XIV. LOGISTICS REQUIREMENTS 

See attached form 

XV. MANAGEMENT PLAN 

Field ooerations will be scheduled and altered through 
continuing comMunication with scientists in other disciplines 
active in Simpson Lagoon. 

See attached milestone form. 
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I lll V' .,: .;;• .- ·.• .· .~ Ull lj'. 

RU f/ 
Disc·;-~ rL:·~· --
!\rca of C;:·.:;·r--a-fi on --= 

Please fill in all spaces or indicate not applicable uv:~). Use addi~ional :-:heets uS 
·necessary. Budget l-ine items concerning logistics srwuld be keyed to the ndevant item 
described on these forms. 

INSTITUTION Texas .11 tM Universitl.f PRINCIPfl.L INVESTIGATOR ~_2:_!!_._j_~UNGAL=L:.___ 

SUP-PORT -A. SHIP 
l. Delineat2 -~)reposed tracks and/or samp·l ·i ng grids, by leg, on a chart of the area. 

Inc'lude a list of propos2d sta:tion g2ographic positions. 
No research vessel will be used; Boston Tihaler onl11. 

2. Describe types of observations to be rnu.de on tracks and/or at each grid station. 
Include a description of shipboard sampling operations. Be as specific and com-
prehensive as possible. 
Co~duct~vity3 temperature measurements using deck-readout equipment. Current profiles 
us~ng e~ther deck-readout meter or m~ters suspended from a f?rtable tripod. 

3. Hha t is the optimum time chronology of obset·va ti ons on a leg and seasonc.l bas·i s 
and \·rha t is the maximum allowable departure from these optimum times? (Key to 
chart prepared under Item 1 \·Jhen necessat·y for clarification.) 
From spring break-up to 1 September 1978 

4. How many sea days are required for each leg? (Assu~e vessel cru1s1ng speed of 
14 knots for NOAA vessels. Do not include running time from port to beginning 
pain{ and from end point to port and do not includ~ a weather factor.) 
BOt? ton Whaler needed for tota Z of around 4 0 days, 

5. Do you consider your investigation to be the principal one for the operation thus 
requiring other.activities to piggyback or could you piggyback? 
Sole use· 
Approximately how many vessel hours per day wi 11 be 1·equired for your observations 
and must these hours be during duylight? Include an estimate of sampling-time on 
station and sample processing time beh1een stations. 
8 hrs/day 4 hrs on station minimum 

6~ What equipment and personnel \·rotll d you expect the ship to provide? 
N.A.R.L. to supply radios, runn~ng gear3 fuel for Bas ton T.fha ler. 

7. Hhat is the approximate weight and vol~me of equipment you will b1·i ng? 
22000 lbs. 

8. Hi 11 you!~ datn or equipment require special handling?· No If yes., please 
describe: 
--

9.!-fill you require any gasses and/or chemicals? No if yes, they shou.ld be on 
boatd the ship pt·i or to depurtul"e from Seattle 01' time a-ll 0\·Jed for shipment by 
ba rqc .. -

please 
-

10. Do you have a ship prcfet·ence, either NO/'\/\ or non-tWA/\? If "ycs 11 name the 
vessel and qivc the 1·eason for so specifying~ 
Yes. Boston rlhalm> with canvas r'oof. 

--
11. If you 1·ccon:n:e nd--tllc use of a non-Nlli\1\ vessel, \·illu t is the per· sea da.Y chJ rter 

cost and have you.·vc1·i fi ed its availabili-ty 
About $100/da.;.' u 1/(~ tudt na motoPB, cqzdrmnz f;, ras) 

{or c<~c~l c~? of -·----12. I! ll '.-/ Ill ;111 y !lt'Ople IIHJSl: you ll<we on boa nl Include ll I is t p.wt:ici-
pants, spccificJlly identifying any \·.'ho at·e fon~i gn nationals. 
11,10 to thr•,~e on !y ~J. ~). C1: tl.":I'IW) 
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. ---
:0. AU!CRAFT SUPPORT - FIXED HHiG 

fl{ght 
,,. ___ 

1. Dcll::\eatc proposE:d lines on a ch.:1rt of the area. Indic~te desired fli~ht 
altitude on each line. (Note: I[ flights are for transportation only, chart 
submission is not necessary but origin and destination points t->hould be listed) 
'lhr1(3e flights along axis of Simpson Lagoon; duration approximately 6 hrs. Samples 
to be taken every 10 km along traak of 100 km. Eight trips to Pingok Isl. 

2. Describe types of observations to be r.1ade. 
Conduativity~ tenperature, aurrents. 

·Additional samples if a marine biologist aaaompanies us. 

3. \~hat is the optimum time chronology of observations on a seasonal basis and t.Jhat. 
is the maximum allowable departure fro~ these optimum times? (Key to chart 
prepared under Item 1 when necessary for clarification) 

Open biciter swnrner season. 

4. How many days of flight operations are required and hm-r many· flight hours per day? 
3 days @ 6'hrs.; 8 days @ 2 hrs. 
Total flight hours? 34 

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

Surveys are designed solely.for physiaal and biological observations. 

6'. Uhat types of special equfpment are required for the aircraft (non carry-on)? 
None 
\~hat are the ~1eights, dimensions, power requirements, and installation problems 
unique to the specific equipment. 
None 

7." \~hat are the \veights, dimensions and pm-1er. requirements of· carry-on equipment1 
1. Salinometer @ 15 lbs., 12" X 9 11 X 9" 
2. Electronias, 5 "x9 "x9" @ 10 lbs; aurrent sensors~ 3 6 "x9 "x9 11 @ 30 lbs. 
·3. Float @ 2 lbs., 12" dia. + 10 lbs. bieight 

8. lvhat type of aircraft is best suited for the purpose? I;· 

Fixed-wing aircraft equipped with floats. 
9. Do you recommend a source for the aircraft? Yes. 

If 11yes" please name the source and the reason for your recom.inendation. 
N.A. R.L. for convenienae 

10. ·Hhat is the per hour ch.:1rter cost of the aircraft? 

$90 N.A. R.L. · (1977 aost bias $85) I I 

11. llm.J many people are required on.boord for each flight (exclusive of fli'ght crct.J) 7 

Two or three. 

-·--
. 12. Hhcre do you rC'commend that flights be staged from? 

l2wdlzoJ?se. 
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-----------------------------------~~----~-----------------------------·---~-----------------1 D. QUART[·:RS AND SUBSISTl~~iCI~ SU?PORT _ 
.1. i·Jhnt --::Lr:·c yoiir·.;:;~quLrcmentsiorqunrte'r.s 0.td-;;ub:;h;t€mcc in thL~ f i.:.d.'d ~:rca7 

(The~;e rcquiremt~nts ~;hould be lJrok::::n dmm by (a) location, (b) calcnd:.1r period, 
(c) number of personnelper day and total man days per period) 

* 1) lliadhorse Surruner 19? 8 3ma:c June ?8 2 
July ?8 6 
Aug. ?8 10 

* 2) Pingok Island Surruner 19?8 3max June ?8 5 
or lagoon shore July ?8 10 

Aug. ?8 55 

* rates to be determined after conference with all field teams. 

2. Do you recommend a particuL1r source for. this support? If "yes" please name 
the source and the reason for your recommendation. 
Yes. 
OCSEAP. Jeasons : Previous OCSEAP experience with IEadhorse and Pingok Is.Zand 

camps. 

3. Hhat is your estimated per man day cost for this .support at each location? 

lliadhorse : 
Pingok Island: 

$100/man day 
$50/man day. 

Hmv did you derive this figure, i.e., what portion represents quarters and 'tvhat 
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? 
lliadhorse rate: OCSEAP Arctic project office quote. 

Pingok Island;, N,A. RL. z.•ental prices and estimate for food 
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XVI. Outlook 

At this stage (after less than one month into the first year 

of funding) it would be invidious to say much about the period 

beyond the second year of funding. We suggest that the efforts 

of Texas A&M University can best be employed in three areas 

a) Numerical modeling of ice-covered lagoon, given 
ice and water thickness, 

b) Further wave measurements as required by 
geomorphologists, and 

c) Estimation of longshore currents along the north coast of 
Alaska using TIROS N satellites. 

The first ·two possibilities would require efforts comparable to 

those described in this proposal, the third one would require 

drifters at a cost of some $3-5,000 each, a charge from the 

satellite managers of some $20 per buoy per day. Costs for 3 

months for 5 buoys would thus be around $35,000 excluding wages, 

initial deployment and re-deployment and data processing. The 

information so gained would, however, greatly extend knowledge 

concerning overall flow patterns along the north coast of Alaska~ 
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XVII. 1. Updated Activity/Milestone/Data Management Charts will 
·be submitted quarterly .. 

2. Quarterly reports will be submitted in sufficient time 
during the contract year to be in OCSEAP hands by the 
first day of J~nuary, July, and October, annual reports 
by April 1. The Final Report will be submitted within 
90 days of the termination of the contract. 

3. Not applicable. 

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

5~ Data will be provided in the form and format specified 
by OCSEAP, accompanied by a data documentation form 
('NOAAA 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. 

B. Title for all property purchased with OCSEAP funds remains 
with the U.S. Government pending disposition at contract 
termination. 

9. Three (3). copies of all publication or present~tion manu
scripts pertaining to technical or scientific material 
developed under OCSEAP funds will be submitted to the 
appropriate Project Office at least sixty (60) days prior 
to release. The release of such material within a period 
of less than sixty (60} days shall be made only with prior 
written consent of the Project Office. News releases will 
first be cleared with the appropriate Project Office. 

10. All publications and presentations o£ material developed 
under OCSEAP funds \vill acknowledge BL!-1/0CSEAP sponsorship. 
The following standard acknmvledgment is acceptable. 

~This study was supported by the Bureau of Land 
Management through interagency a9recment Hith the 
National Oceanic and Atmospheric Administration, 
under which a r.mlti-year program responding to 
needs of petroleum development of t.hc 1\Lu-;kun con
t.incntal shelf is mannered bv the Outer Cnnt.incntal 
Shelf Environmental i\sscssm~nt Pro~n~am (OCSEl\P) 
Officc. 11 
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.MILESTO~IE CHART 

RU #: 531 pI · J. C.· H. Mungall 
T •t ----------------------------~------------

Major Milestones: Reporting, data management and other.significant 
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---
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PROPOSAL TO 

NATIONAL OCEANIC AND ATMOSPHERIC ADHINISTRATION 

FOR 

DEVELOPMENT AND OPERATION OF A REMOTE 

SENSING DATA ACQUISITION PLATFORM FOR OCS STUDIES 

OCSEAP RESEARCH UNIT NO: 

PRINCIPAL INVESTIGATORS: 

TOTAL COST OF PROPOSAL: 

INSTITUTION AND DEPARTMENT: 

DATE OF PROPOSAL: 

Michael D. Frank 
Co-Principal Investigator 
Naval Arctic Research Laboratory 
Barrow, Alaska 99723 
Telephone: (907) 852-6588/7333/2155 

Date: ----------------

J! · /1. )/c._t{'-'",_fil L 
Keith B. Hather 
Vice Chancellor for Research and 

Advanced Study 
University of Alaska 
Fairbanks, Alaska 99701 
Telephone: (907) 479-7282 
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Co-Pr _nc·pal Investigator 
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Univeristy of Alaska 
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Technical Proposal Form 

I. Title and Task Statement Number 
Development and operation of a Remote Sensing 
Data Acquisition Platform for OCS Studies. 

RU{f: 536 Contract//: Dates: Oct. 1, 1977 
to Sept. 30, 1978 

II. Principal Investigator(s) 
Dr. Gary A. Laursen 

III. Cost of Proposal 

Mr. Michael D. Frank 
Total 73,700 

IV. Background: 

To conduct a complete environmental assessment program in conjunction 
with ground truthing, aerial photography and imagery are needed and will 
aid in dra~dng conclusions relative to natural and induced temporal and 
spatial changes and perturbations. Much of the detailed terrestrial, 
littoral and off-shore island and estuarian st~dies can be enhanced with 
photo mapping and scanning. Infrared scanning will demonstrate changes 
in surface albedo and habitat configurations in vegetation analyses. 
SLAR imagery, unlike photographic enhancements, is an all <veather tool 
good for navigation reconnaissance, erosion, ice lead and terrain imagery. 
The companion proposal (RU 267) provides a facility for data reduction, 
transmission and printing. 

V. Primary Objective: 

Meeting the objectives of OCSEAP scientists' remote sensing needs, 
as requested and coordinated through the OCSEAP Arctic Project Office 
in Fairbanks, will be the prime objective. 

The primary objective will involve establishing; operating and 
maintaining aircraft remote sensing data collection platform capabilities. 
Secondarily, the data collected will be processed at the University of 
Alaska's Geophysical Institute to assist rapid turnaround of data for 
OCS scientists. 

VI. General Strategy and Approach: Discuss your strategy to meet the 
objectives described in the task statement. 

To provide a remote sensing capability to all OCSEAP·investigators 
in the form of: 

1. A C-117D aircraft as a platform for the following Remote Sensing 
.equipment: 
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a. 

b. 

c. 

d. 

e. 

Side Looking Airborne Radar (SLAR) 
(to be brought with technician hire); 

Laser Profilometer 
(loan from U.S. Navy); 

Infrared Scanner 
(loan from NOAA) 

Mapping Camera, black/white photo·9.5" format 
(NARL); 

r2s Multispectral camera 
(on loan to Geophysical Institute from USFW) 

2. A competent Remote Sensing Coordinator and engineer (Hr. Frank) 
who will develop the program, will secure, operate and maintain 
the above listed equipment. 

VII. Sampling Hethods: Describe your temporal and spatial sampling 
scheme and the supporting rationale. What statistical measure 
of sampling adequacy will be used? (Complete only if applicable.) 

Monthly remote sensing missions are planned once the aircraft and 
equipment are fully operational. Flights will occur between Cape Lis
burne and the Canadian border. Flights to other areas, i.e. Kotzebue, 
Norton Sound, etc., will be scheduled as requested by OCSEAP. All 
remote sensing requests will be specified by OCSEAP and coordinated 
with the OCSEAP Arctic Project Office in Fairbanks. Spatial sampling 
will depend on equipment used and weather (See Equipment and Use, Sect. XVIIE). 

VIII. Analytical Methods: What methods of analysis are contemplated? 
Provide literature references. (Complete only if applicable.) 

Developing and processing of all imagery for OCSEAP will be per
formed by RU 267 (Belon). That research unit will also index, log, 
catalogue, file and disseminate the remote sensing data to OCS inves
tigators, as coordinated by the OCSEAP Arctic Project Office. Analysis 
of the data will be performed by individual researchers of other OCS 
projects, i.e. RU 88 (\\leeks) - SLAR and Laser Profilometery, RU 257, 
244 and others, Photography, etc. 

See companion proposal (Belon, RU#267) 

IX. Anticipated Problems: Discuss any anticipated major difficulties 
associated with the task and recommend solutions. 

Certain complexities will be significant in the development of the 
program. Maintaining and operating extremely expensive equipment is 
crucial to the program's success. Obtaining, on loan, at least three of 
the five pieces of equipment may slmv down or curtail parts of the pro
jected program. Having the support of the Office of Naval Research is 
prime as the aircraft platform and other supportive equipment is Federal 
Government property. Working in a harsh environment will indeed have its 
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effect on flying missions and work efforts. With a successful program, data 
processing limitations may reduce the flow of data to investigators. 

See companion proposal. 

X. Deliverable products: (identify distribu~ion maps, numerical models, 
narrative repo_rts, photography, hardware, techniques, etc. to be pro
duced as part of this proposal.) 

The products of this project will be exposed films and data from: 

1. SLAR imagery 
2. Laser Profilometry (Contingent on specific needs) 
3. 9. 5" ·formatted black and white aerial photography (single band and/or 

m~ltispectral) of cloud free areas along the Chukchi and Beaufort Sea 
coasts 

4. IR imagery in photographic format from thermal IR scanner 

All data will be sent to the OCSEAP Arctic Project Office in 
Fairbanks for final processing, archiving and distribution by the Landsat 
Library at the University of Alaska. 

A. Digital Data: 

Will formatting of· data into digital magnetic tape archive format be 
done by investigator? If yes, include funds in your budget for this 
activity. 

Processing Formatting 

Yes No Yes No 
~~----------~X~ ~~------------~X~ 

Data Product Media 
(i.e., coding sheets, 
photography, tapes, 
punch car.ds) 

Estimated Volume 
(No. of samples and volume 
of processed data) 

1. Remote sensing data: SLAR imagery; Laser Profilometer tapes; 
color, black and white aerial photography; IR imagery. No data_ 
will be transformed into digital magnetic tapes. 

2. No digital data is planned to be collected. Presently all data 
will be collected either in analog form or photographic imagery 
and processed at the University of Alaska. 

B. Narrative Reports: 

1. Aircraft Users Guide consisting of: 
a. platform schematic 
b. equipment capability 
c. power needs 
d. aircraft parts/intakes/outlets 
e. weight distribution 
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f. aircraft type, performance characteristics~ 
capa~ilities, limitations, fuel requir~ments 

2. Others as needed to promote the Remote Sensing Program 
(i.e. meeting presentations) and use of aircraft (i.e. 
raw imagery, photographics, log data and analog tapes) 

.C/D.Raw data furnished to the individual researcher or to the University 
of Alaska. {See Belon companion proposal RU#267); photographic plates 

E. Data Submission Schedule: 

Data will be submitted for by: 

cruise x quarter __ __ 

The first data will be collected in September 1977. The data 
collection effort will be finished in September 1978. 

Data will be submitted to the Project Offices for inclusion in the 
data base at the following times: 

Collection Period Data Submission 

One mission per month 
September 1977 to September 1978 continuous (after each flight) 

Raw data will be archived by RU 267. Field data products will be provided 
by the OCS projects requesting data. 

XI.· Information Required from Other Investigators 

Describe data required from other investigators to carry out your 
proposed work. 

Specifics of proposed C-117D flights (sensors, flight altitudes, 
coverage, etc.) must be supplied by the OCSEAP investigators wanting 
data. Requirements will be coordinated well in advance of flights by 
the OCSEAP Arctic Project Office in Fairbanks to ensure maximum efficiency 
and time utilization for greatest productivity. 

XII. Quality Assurance Plans 

Briefly describe your procedures for the calibration and inter
comparison of instruments and methods. 

Maintenance and repair of all equipment will be carried out by the 
NARL Remote Sensing Coordinator at Barrow, Alaska. All (SLAR) 
equipment will be calibrated at Fort Huachuca, Az. upon completion 
of installation. Other equipment will be calibrated by Mr. Frank at NARL, 
Barrow, before each data collection. 
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Xlll.Special Sample and Specimen Archival Plans 

If, as part of this study, samples are collected which should be kept 
for future reference (e.g., core samples) describe the number of 
samples, special storage conditions, location of the archive, annual 
cost of archive, etc. 

RU 267 will process, index, log, catalogue and archive all raw 
data. The OCSEAP Arctic Project Office will disseminate this information 
to requesting OCS investigators. 
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--------------------·---------------------------- ----------------·---·-·-···r 't • ;\ i. :~ f~ '' • I ~, • ,. • • ,..._', ,, .,, •r" ~..,. "T • •-: ~ I : f , • '"' 

---·r;-,-,j:;·.c.:;~~-~~-t;~;-··":·r-;i;o;,~TTEI.;E t -r:r;~~;-"7,;;·-~-;-~:~;~=-c·-~it-i~~-·;i:r.;!-.-i·:··-J. ;~, L~.-.-~;~::;··;:,.::; ·c;:~::x -~· ~ii:,;ll·r:·---

.,lti:.:ude. on e..tch lin~. ·(:-1ote: If fli;;ht~; ;1r1~ for tr.~Jns;>ort:ttion o11Jy, cit.tl"t 

submi:;sion it: not nec~s:.;ary hut origin .uul d~~stin~1t:iou poi.ut~; :;ltoul.d ·Ill~ li:;u•d) 
Flight lines will be given as per requests of other OCS investigators 
and coordinated by the OCSEAP Arctic Project Office, Fairbanks. 

·-------------------------·-----··--... ·-·--------· 
2. Des c::: i i.H.~ t: y p ~::; o!: observation:.; t•1 lH~ 1:t~.H.l t'. 

J. 

Radar, Laser, photographic~ IR 

·-:---,..-----:----:--·----· 
\·!hat i~ th·~ opti;;:ur:l ti::!e ch!.""ono io:;y u( oln;t•rva t iont> lm ;: :~·~,Jsoa~tl. b:ts ~:.: :.md 
is the r:Ja:{i:i:ttm alJow"lblc departur2 fr.o;n tlH:>sc~ ,,i>t..!.:;HJ;-;"1 ti::Jes·? (Key to cl!:.ti:t 
prepared u~der It2~ l when necessa!.""y for cl3rific3tion) 

to be determined 

4. Hm.,r r'any days of Oight O?eratior.;:; arc required and htL.r wany flight houi~'' Jkr d<1y·! 

100 hours/C-117D @ $400/hr. Tot.:~l.flight hours? 
--=---~..=....:..-= -----·-- .. ---

5. Do yc.:.J consiJer your investigation to the~ pr ine.ipal one for: the flight t:l!us 
precluding other activities or requiring other <:~ctivities to piggyback .or- could 
you piggyback'? 

Yes 
-----~------------------------·-----------------·--···---------

6. ~bat types of special equipment:are required for the aircraft (non carry-oii)? 
Remote Sensing Equipment 

l·!hq,~ 2re the \-;eights, dimensions, pm-rer rcqui.remen"ts, ant1 ir1stalL~tion ln·oh1..:~!:~s 

unir;•.1e to the specific equipliler:t. . 
Installation often requires outside antennae and special 
"observation" hatchways 

·--------------·----·-·--····--·----···---· 
7. 1::;...:.-c 2.rc the \•:eir;hts, dimensions nncl pm.;;er requ:i.reU~ents of carry--on .:"CJt!ip::':'iiL'! 

Determined before each mission 

8. l·:h.•:.: type of aircraft is best su:Lted for the purpos2? 
C-117D 

9. Do Y('U rcce;;;::end a soun~c for tile ai.rc1:<1ft:? 
If "yes11 plPase n<Ime the souree and the rc<'son fClr yo:rr rccc::u~:r>.nd2 t ion. 

NARL 

.----------
10. \·ih.:.t i.s the~ per hour charter cost of the a:ircr<Ift'? 

,.----
1:?.. 

·$400/hr. 

2 or 3 

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

Naval Arctic Research Laboratory 
Barrow, Alaska 

-------·------------ ·---·--·-·" ----..----·· .. ---······· ..... 
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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) 

All work will be done using NARL as a base of operation. No expected 
field camps. 

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

NARL·will provide all needed support i.e. aircraft, housing; food, etc. 
(A NARL C-117D will be the Remote Sensing Platform) 

3. What is your estimated per man day cost for this support at each location? 

None 

How did you derive this figure, i.e., what portion represents quarters 
and what portion represents subsistence and is the figure based on estab
lished commercial rates at the location or on estimated costs to estab
lish 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) 

a) Anticipated success may produce more remote-sensing data than can be 
processed under the companion proposal. Equipment will be available 
to other than OCSEAP projects, however, OCS projects will have higher 
priority._ Therefore, a potential need to develop a NARL capability 
for rapid and continuous processing of film exists and will be sought 
through the Govt. Excess program. 

b) The equipment to be used is highly technical and expensive. Repairs 
will be made by the experienc~d and qualified Remote Sensing Coordi
nator. Costs for non anticipated repairs may be high. The equipment 
will come to NARL in working order. In all cases the handling of 
problems will be first attempted at NARL. Remoteness of the site 
may inhibit quick turnaround on needed parts. 
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XV. Management Plan: Briefly describe hm-1 you will manage your 
project. Also provide an Activity/Milestone chart. 

The proposed work is a service function provided to OCSEAP as 
required by OCSEAP. Requests for Remote Sensing missions will be 
provided by the OCSEAP Arctic Project Office in Fairbanks. These 
requests for missions will be translated into action by the proposed 
NARL Remote Sensing Coordinator (RSC), Mike Frank, at Barrmv. Logistics 
meetings between OCSEAP/Fairbanks and NARL/Barrow staff. will yield 
projections of the approximate RS requirements of OCSEAP. These 
requirements may be modified during the year depending on weather, 
potential mechanical problems of the aircraft or RS equipment and 
modifications in investigator requests. 

1 April 77 1 October 77 1 October 78 

1 Ju y January April 

2 2 

3 

4 

a 

b 1 

1. Remote Sensing Coordinator hire 
2. Revie'v with OCS Fairbanks 
3. Component purchases 
4. Operational Aircraft (C-117D 722NR) 
5. Quarterly progress reports. (Annual Report 1 April) 
6. Final Report contingent upon contract rene,val 
7. Missions 

a. 1 e. 5 i. 9 m. 13 
b. 2 
c. 3 
d. 4 

XVI. Outlook 

f. 6 
g. 7 
h. 8 

j. 10 
k. 11 
1. 12 

1. The final objective of this effort will be an active Remot"e 
Sensing Platform capable of handling a variety of requests 
from the research community for data collection. 

n. 14 

2. Primary Equ-ipment installation will be completed during FY78. 
New sensors will be obtained and installed as required by users. 
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3. Program should become self-supporting as use increases. 

4. Spare parts, new sensors as need arises, new methods of handling data 

5. Location will remain fixed at NARL 

6. Logisticsrequirements will be primarily flight time, housing for 
Remote Sensing personnel, etc. 

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

2. Quarterly reports will be submitted in sufficient time during the 
·contract year. to be in OCSEAP hands by the first day of January, July 
and October, annual reports by April 1. The Final Report will be 
submitted within 90 days of the termination of the contract. 

3. Where biota are concerned, all species and higher categories will be 
represented by the voucher specimens that will be preserved, labelled 
held and shipped to an official OCSEAP-designated repository in 
conformity with OCSEAP voucher specimen policy. Vouchering will 
include life history stages (e.g. larvae, juveniles, adults) when these 
are used, and sexes 1vhere these are morphologically distinguishable. 

4. At the option of the Project Office the P.I. is prepared to trave~ 
to the Project Office at least t1vice 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 of data gathering effort, 
a ROSCOP data collection inventory form (NOAA 24-23) will be submitted 
to the Project Data Manager. 

8. Title for all property purchased with OCSEAP funds remains with the 
U.S. Government pending disposition at contract termination. 

9. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical .or scientific material developed under 
OCSEAP funds will /be submitted to the appropriate Project Office 
at least sixty (60) days prior to·release. The release of such 
material within a period of less than sixty (60) days shall be 
made only with prior written consent of the Project Office. News 
.releases will first be cleared with the appropriate Project Office. 
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C, TECHNICAL PROPOSAL 

I. Title: 

Nutrient Dynamics and Primary Production in Alaska Beaufort 

Sea Coastal Waters 

Research Unit.Numbcr: OCSEAP R.U. /1 

Contract Unit Number: 

Prqposed dates of contract: 1 October 1977 to 30 September 1978 

II. Co-Principal Investigators: 

Dr. D. M. Schell, Research Fellow in }~rine Science, Institute of 

Marine Science, University of Alaska, Fairbanks, Alaska 99701 

Phone (907) 479-7709 

Dr. J. Brian Matthews, Associate Professor in Marine Science, Institute 

of Marine Science, University of Alaska, Fairbanks, Alaska 99701 

Phone (907) 479-7477 

III. Cost of Proposal (for FY 1978) 

C. Total: $29,202 

D. Distribution of effort by lease area - Beaufort Sea - 100% 

IV. Background 

This proposal outlines vmrk to be performed in direct conjunction and 

cooperation \vith OCS Research Unit _!167, LGL-Limited 's Ecological Process 

Stt~ies in the Beaufort Se~ Barrier Island - Lagoon system. The proposed 

work below will be completely intcigrated with tlte LGL Limited-US proposal 

for 1977-'"1978 and will he a cooperative study ,.,ith Dr. Richard Robarts .. 
of LGL and Dr. Don Schell of "the Institute of Marine Science, University 

of Alaska. ·As ~uch, the principal investigator \o.•ill utilize LGL logistic 

faci.litJes :l.n. the field and will participate in J.GL ~;ponson~d \lll)rksltops in 
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which data obtnJ.ned will be utiliz~d to nssi~t LGL modclline efforts. 

'J.'he background and rationale for the ld.ologi cal effort in the Beaufort Sen 

Environmental Assessment have been_ presented in OCSEAP R.U. No. '•67 by 

LGL-T.im"lted and HJ.ll not be repented here. This section \vlll b.e limited 

instead to the role of nutrient chemistry and pdmary production in the 

nearshore ecology of the Beaufort Sea. Dr. Brian Hatthews will participate 

in this project with advisory status on physical protesses. 

Photosynthetic primary product:i.on in the nearshore Beaufort Sea, as else~·1here 

in the biosphere, is the principle source of energy arid incorporated 

nitrogen and phosphorus for hi~her trophic levels. However) unlike coastal 

waters in more temperate latitudes, primary production in the Arctic Ocean 

is rigorously controlled by extreme seasonal variations in light intensity 

and to a lesser extent by the physical and chenical structure of the .\vater 

column. In addition, the mechanisms of algal productj.vity in th.e coastal 

Beaufort Sea arc unlike temperate waters \~here vater column stability is 

critical to the onset of the spring bloom. In the .Arctic, the spring bloom 

commences when -vdnter conditions are greatest as typified by maximum ice 

thickness and minimum water temperatures. The primary production does not 

begin in the \vater column but instead occurs as a layer o£ epontic algae on 

the underside of the ice. Studies by Alexander, et al. (1974) documented 

the ice algae layer and concluded that the appearance of ice algae popula

tions is triggered by the attainment of critical light intcnd,ties in the 

spring, usually in mid-Ap1~il. Little is kno':ro, hm...,evcr) of the extent to 

which icc algae cover the 'bottOEl of the nearshore ice sheet other than 

patchiness results from variable light attenuation caused by snow drifta 

on the surfoce of the ice. Epontic ice algae production·reaches a maximum 

in mid-May and estimates ~y Clasby et al. (1976) based on a single sampling 

si{e off the Naval Arctic Research I~boratory at Point Barrow, indicate 

that the annual production <1t that location \,·as approximately 5 g C/m
2
-yr. 

Although this in n lm.r amount by tcmpcr;1te stancl:lrds, it represents a 

significant fr:1ct:i.on of productivity :in the nc'arshorc Arctic. Ice alg<w 

product:l.on .. ~t>sent.i:nlly cc:tr;es as the bott:OD of tlw icc sheet l't·oclcs i.n 

Ntrly .lune \v.l.t:h the onset of melt. For the rC>i:laindc·r of the munmcr, 
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pr1mnry product:Jon by phytoplankton CISStune~; the wnjor role uith <H.l.d:ttional 

production occurrinG in grnvclly slwllows by bcmtltic algal communit:I.es. 

Instantaneous rates of production by benthic Cl].gal mats off Harrow were 

found to exceed the highest n1tcs measured on ice algae or phytoplnnkton 

at the same location (Hatheke nnd Horner, 1974) but the apparent nc:!ed for 

a Huitnble substrate and critical light requirements probably relegate 

benthi.c production to a minor role in the overall ·<mnual primary production 

in these Haters. 

The nutr:i.ents required to support the annual cycle of·primary production 

in the shallm·: hays and est.uaries are derived from a combination of deep

\later and terrestrial sources plus in situ regeneration. The relatively 

high organic and inorganic nitrogen concentrations in the run-off waters 

of the ColvL.lc River during summer are believed to complement the high 

phosphate concentrations of the Harrison Bay-Simpson Lagoon areas and 

contribute tovard balancing an apparent nitrogen deficiency in the 

nearshore Beaufort Sea \..raters (Schell, 1975; Alexander et at., 1975). 

I'n situ regeneration of ammonia has been measured by Alexander et at . 
. (1975) in summer and Schell .(1975) has measured rates of under-ice ammoni

fication in Simpson Lagoon Haters. Schell (197iJ) has also measured nitri

fication and heterotrophic utilization of dissolved organic N with con-

sequent release of ammonia in the under:-it:e saline waters of the Colville Ri\·er. 

The past \-lOJ:k of Schell (197 5) on Dease Inlet near Point Barrm.; has led 

to the formulation of a hypothesis that the spring epon~ic algal bloom 

may derive ·a large fraction of its nutrient requirements through a mechanism 

of. thermohaH.ne convection which serves as a "nutrient pump" into shallo\J 

waters. As the ice freezes on the bottom side of the ice sheet, the salt 

is~·exc:ludcd causing a locnlized increase in salinity and density at the 

interface. This denser '.,rater drains away and is replnced. by fresher \.Jater. 

On·'!. macro scale, the thickening icc slicct cnuses nn increase in the salinity 

beneath the icc tlwt is most pronounced in sh.:ll.loH bays such as l!nrrison 

Bay or Dc<~s~.; lnle[~ nnci the lagoon systems. I ( communicnt:Ion is ponsible 

with offshore '''nter, the hypernalinc~ lvatcr d1·.:1ins out of t:hc !>hollo\.JB 
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along the bottom <mel :l.s replaced by onshore flo\>1 lwncath the icc. · This 

onshore flo\>1 brings a fresh nutd.c:nt ·supply which· is readily <~ssimilatccl 

by the cpontic algal cownunity on the underside of the icc. Sintc ice 

accrct:i.on occurs until mid-May, this "nutrient pumping'' process may be 

biologically beneficial for up to two Donths during the spring and the 

accumula tecl algal biomass may contain nitrogen ~md pho:.phorus in excess 

of that \·lhich would have been available in the \>later column beneath the 

ice had "nutrient pumping" not occurred. 

Once the ice sheet begins to melt, the prioary production ·in the nearshore 

is limited primarily to the deeper waters of the lagoons as these are 

usually overlain with extremely nutrient-deficient rn~ltwater. Near the 

river mouths the picture is more complicated by positive additions of 

nutrient-rich river·water which may be offset by seve~e turbidity due lJ 

transported sediments. Once the ice melts completely, wind action becomes 

import.imt but data by Schell (1975) and Alexander et al. (1975) shmv that 

nutrient concentrations arc lm-1 and extremely curyhqline situations pcrsi.st 

in the nearshore \vhich may inhibit priDary production. Generally icc-free 

conditions usually persist for only August and September and primary 

production in the Arctic becomes significant in April. Thus an estimate 

of annual primary production must include the period prior to open-\vater 

conditions. 

V. Objectives 

The objectives bel01v are to mesh ,.lfth objectives outlined in CCSEAP R.U. 

467 arid arc limited in this proposa~ to: 

. 
-~ 

A. Estimate the annual primary production in the barrier island-

B. 

lagoon 5ystem • 

Relate th~ nutrient dynamics of the nearshore ,,raters to anmwl 

procluc t:i.on . 

.. C. Detcrm:l.ne the mechanisms of nutri<'nt supply· to the barrier islrmd-

lap,oon S),:..'_jtcm including crosion.:-~1 inputs in the opcn-,.,rater pe1~iod 

mill "nutrient pumping" in the spring season. 
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VI. General Stratcr~Y and Approach 

The nutrient chemistry and prlmary productivity progrmn H'ill be consolidated 

with the l.GL-Barricr Islnnd-Lagoon study group vd.th the principal invcst:ip,at:or 

cooperating closely Hith LGL personnel. The work can be divided in to three 

phases: (1) ¥linter ice l..rork prior to the onset of the spr':i.ng bloom, (2) 

spring ice work and (3) open-water season. Eacl1 of these phases represents 

a period or "season" in the annual cycle of primary production and will 

require a sampling effort in the field. 

A. Winter ice conditions 

This period begins with the return.of ice cover in the autumn and the 

diminishing of incident solar radiation to levels belm.;r that required for 

net positive primary production. As the ice cover thickens, the shallowest. 

areas of the lagoon attain bottomfast ice and some local deeper basins become 

isolated. Further ice accretion results in rapid salinity increase in the 

underice Hater and by Narch and early April, nutrient concentrations reach 

annual maxima. At ·this time the nutrient concentrations of tl1e system will 

be inventoried by coring the ice and sampling the under-ice water. Each 

core will be sectioned to obtain salinity and nutrient concentrations as 

Hell as its particulate and dissolved organic nitrogen content. The Hater 

samples obtained Hillbe similarly analyzed with the addition of chlorophyll

a measurements. These·data should alloH a mass balance determination of 

the total standing crop of fixed nitrogen in the system. Nitrogen has been 

chosen as the indicator nutrient since past data (Schell, 1975) has led to 

the conclusion that the system {s strongly nitrogen limited. By extending 

tlrls type o~ sampling program over the lagoon area an integrated standing 

crop of nutrients can be obtained. 

B. SJ2_ri1~f. icc condiUons 

This period encompasses the onset of the spring bloom and the grm,•th of 

the ~pon't:ic algal community through :i U> mo.:dmum nnd decline Hith the beginning 

of tl1e melt in Jun~. Icc cores nn~ water samples will be collectc~ nt 

several stid':l.ons to measure the rn tc. of movement of nutr:tentn into the 

hiom<ISS and to assess qunll.tatively the transport of offr;hore nutricutt: 
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into the nearshore! under :ice \..rater column. Phytoplankton in the '.,rater column 

Hlll be measured and compared to the epontic algnl biomass to assess 

ch.:mges in relative contribution to primary production. Total mass balances 

of nitrogen Jncm:pornt:ccl into plant biomass relative to inorganic nitro

genous nutricnU; 111Ll.l he 111adc at each stntion to enable tl1c construction 

of contours of fixed N over the lar;oon area. These data, '"hen compnrcd to 

estimated of Hater exchnngc due to tlwnnohal:i.ne convection Hill enable 

estimation of the magnitude of 11nut.ricnt pumping 11 :i.nto the lagoon. J\renl 

distribution of ice algae in relation to water depth and water salinity 

should be obtainable from this data. 

c. ter conditions 

By the time open water conditions occur jn the Simpson Lagoon area, the 

annual season of pr;imary production has run the major part of its course. 

Regenerated nutrients and terrestrially derived nutrients are now most i~por

tant in the nutritional requirements of phytoplankton populations. In Simpson, 

Lagoon, pronounced salinity gradients occur due to river flm.; and> under 

strong wind conditions, storm surges or depressiotis· of sea level occur with 

attendant severe turbidity due to eroded peat fiom beaches and sediment from 

the lagoon bottom. Primary production during this period is highly 

variable and subject to such a diverse collection of influences that only 

a general monitoring can be attempted in this program. Conventional 
14c

bicarbonate uptake measurements \vill be made periodically over the season 

in conjunction with an estimation of plant bioruass and nutrient content 

of the water column. Due to the loH ambient nutrient concentrations during 

this season \vith attendant high detrital and probably high bacterial 

populations, samples obtained for nutrient analysis· will J)e indicative of 

trenus only due to dif ficu.ltics jn sample handl:lng. Thus primary emphasis 

l-d.l.J be placed on a eomb:lnuticm of mass hnlance measurements and total 

standin~ cr0ps in the vnri0us pools (inorganic N, dissolved organic N, 

pnrticulnte N) :i.n relation to plant biomass a·s cstim.:1tcd by chlorophyJ 1-a .. 
conc'~ntrnt:tons. TlH~se datn, '"hen coupled \vith inst<intnnpous pdm:-try pro

duction mcasuremC'n~j::;, should allow an e(;timatc of turnover ti.mes for the 

individual pools. 
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Dc!trHol :input to tlw nutrient pool in Simpson T.ngoon vdll be cr;tlmatC!d by 

tcchniqt;ef; Dimi.Jar t:o t}Jo:_;c · :Ln Schell (1975) u~d.tl[~ updntccl erosional dnta 

as mndc avn:i.lablc by. other personnel in the OCSE/1P ·pt-ogram. It :l.s realized 

thett clue to the c.lose l)):oxim:i.ty of the study ClYP<l to the mouth of the 

Colville River and the immediate effecU; of viml direction and force 

COupled \·,'itlJ r:i.ver floH and SC~d:i.mcnt load, detrital input to the llUtrient 

pools of Simpton Lagoon is probably highly variabla both temporally and 

spatially rmd can onJy he very roughly estinatcd in an effort of the scope 

of this.project. It is brguable, however, that since a major part of the 

primary production of thi.s area occurs well berore the·rivcr even.begins to 

flow each year (the Colville freez~s to the bottom and all flow c~ases each 

Hinter, (Arnborc; et al., 1966)) the detrital and erosional input of 

nutrients is probably not felt immediately,· but is manifested the follmving 

spring >..rhen the org<mic N has been rcgene·.·ated as nitrate and ammonia 

by bacterial pop~lations over the winter rndnths. 

VII. Sampling Methods 

A. l.Jinter and spring conditions -.--------4-.. _.,._T" _____ _ 

Ice cores Hill be obtained with power driven SIPRE corers ·and sectioned, 

bagged, labeled and maintained in a frozen coridition. Hater samples lvill 

be taken with a van Dorn bottle through an auger hole in the ice. The \·Ja ter 

will be stored in plastic bottles in the field. Nutrient samples will be 

filtered through .rlass fiber filters and stored frozen until analysis. 

The filters will be retained fo1~ particulate nitrogen a~alysis. 

B. Open-water conditions 

Stations accessible by small boat will be sampled with a van Dorn bottle 

and tbe \vater treated as above. For erosional input data, selected bc.:tch 

sites \·Till be profiled h-om freshly eroded surfaces. Soil samples will 

be held frozen until analyzed for orgnn:i.c N, r.10isture and mineral content. 

\'III. Analytical 1~~thods 
' ~~ 

··~ 
All nutr:i.cnt chcm:l.~-;try \.Jill he· performed on Tcchnicon Aut:oannlyzl~r systc.·ms 

using standard methods developed for the analyzer. Particulate N Hill be 

clctcrmined usi.ng n Colem:m Nf.tror,en An.:1lyzcr. Chlorophyll-a tvill l)e csti-
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mnted using a Turner fJuorometcJ~ on \vholc'vmtcr samplcs.cn~ on mcll\·lntcr 

conta:I.n:i.ng the algal layer fr·om the bottom of icc cores (Lorenzen, 1966). 

The fluorometer \·Jlll Lc caliLratcd ngnin:;t chlorophyll smnples obta:i~ncd fror.:~ 

aliquots of core melt\·mter \vhiclt have been mc:nsured u~dng the trichro01:1tic 

method of Stricklm1d and Parsons (1968). Althougl1 the fluorometer is not 

as precise as the method of Striek1<md and Parsons, it has t\.JO advantages 

>.Jhich outlve:i gh the slight annlyt:Lc:al deficiencies: (1) it nllmvs ins tan t<me

ous measur0ment on a small sample of water, and (2) it can be used in a 

field camp because of its simplicity and s2all size thus allowing the 

processing of a larger number of samples-and rrtinioizing the handling 

Actual field sampling of the ice algae layer will involve takiug replicate 

cores at each station and visually inspecting each core to ascertain a 

clean sectioning of. the Hater-ice interface. To test the coring technique 

for loss due to wash-off of algae in withdra\.;ing the sample from the drill 

hole, a calibration test will be made employing diver-obtained samples. 

As part of the LGL fisheries studies, divers will be used through the ice 

and they \vill assist by cutting und:isturbed s::Dples of the ice algae 

layer next to samples obtained with a corer. By ~easuring the difference 

bct>veen cored and diver-obtained samples of ice ·algae, an empirical 

correction can be obtained. Diver observation and sahpling'will be used 

to quantitate patchiness in ice algae density. 

IX. AnticipRted Problems 

Within the framework of sampling nnd analytical chemistry, no major problems 

arc anticipated. Logistic considerations arc all-important, however, in 

est::1blishing the spatial and temporal frar::c>,,ork of the \vt:l t.er ancl icc 

sampling program. Persistent fog ancl ovE?rcast cnn ctirtnil. ice s.:1mpling 

and hcnvy weather preeJ.udcs.sm:1ll boat opcr<1tions. A degree of flexibility 

Hin. he maint:1:i.ncd to allov an opportunistic .:1.p;)1·0ach tm,'<Jrd H:lmp1e station 

locations nnd density. 

X. Deliverable Products 

A. Al1 cbta·"~roducts forthcoming fro::1 thi.s .study \,,_i.ll }.H.~ suhmitl'ecl !'O 

the OCSEAP Datn N;mnp,c'ment Group in tht: ncn·ptPcl format. Effc,rt~J 
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will he mnde to conoolidatc all published and unpublished data 

available in <1 manne1· hest suited for coastal m;:mar;ement purposes. 

These datn will include digital products. Sec also Data Products 

Schedule in LGL proposal (RU 467) 

Nutrient concentrations - nitrate + nitrite -N, 
ammonia, pltosphate, dissolved orr;anic nitrogen 

Particulate material - particulate nitrogen 

Salinities - water samples and ice core samples 

Pigment-concentrations - chlorophyll data 

B. Narrative reports: 

None anticipated other than Quarterly and Annual Reports. 

C. Visual Data: 

Nutrient data and ice algae density will be presented on maps · 

\vherc sufficient sampling density allo1>1S. 

D. Other non-digital data: 

None anticipated 

E. Data submission schedule: 

See Data Products Schedule in LGL proposal (RU 467) 

XI. Information Required from Other Inw~stir;ators 

Close cooperation with members at the LGL-Bard.cr Island-Lagoon Study Group 

will allm" ready exchange of information lvhen required. Arrangements con

cerning this ~xchange have been made. 

XI~. Quality Assurance 

The Institute of 1-!arine Science employs ,,•ell stnndarclizecl and C<1libratcd 

analytical. equipment fol' routine nutrient nnd pigtent analyses. Intcrnnl 

stan~nrds will be used to insure no deviation fron notmal processing l~s 

occurred in samplqt~ ncqu:trcd in OCSEAP prc1grmns. Field n·pl:icat·ion of 
.... 

samples and cal:i.hrntion of cores by di.vers \.:ll 1 ascert~dn pn~d.~:.; i.on in 

snmpl:inr; methods. 
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XIII. Special Snmplc and Voucher Spcd.men Archival Plam> 

Not applicable. 

XIV. Logistic Requirements 

All logistic!:; '"ill be coordinated through OCS Research Unit lt67, the LGL

Limited's Beaufort Sea Barrier Island-Lagoon Ecological Process Studies, 

1978. 

XV. Data l1an<-~gement Plan .. 
Overall management of logistics and field operations will be the responsibi

lity of the LGL-Limited staff. The principal investigators of this project 

will be responsible for the field research program described above and vdJ.l 

have co-principal investigator status \·lith LGL investigntor Richard Roberts. 

Dr. Schell \vill be responsible for the nutrient, pigment, and 
14

c-prim<n:y 

productivity analyses and data reduction. 

Perdiem expense and logistic expenses in the field Hill be the responsibility 

of the OCSEAP Arctic Project Office. Attend?.nce at any OCSEAP sponsored 

workshops \vill be supported by the contractbg agency. 

XVI. Outlook 

A. Extensl.ons 

Pt:.nding successful c;.,mplction of the survey ?rogrma desctibed above~ logical 

extension of the work ~.;auld havE;! to include: 

1. Kinetic studies of nutrient upta~a by ice alene and phytoplankton 
at ambient conccnt~ations using ~X-labeled nitrate and ammonia. 

2. Nutrient rcgcncr.:1tion studies involving H:;:;nonificntion ancl nitrifi
cation processes beneath tvi.n.ter ice. Sech data vwuld allaH cstir:~a

tion of the fraction of available nut1:icnts \vhich lw.cl be~n regc>n
el-atcd in situ. 

3. Determine the hydrographic requirc:::ents and s:i.gnificnncc of 
thcnnoh:tlinc convective fl01v beneath the .ice and its relation to 
nutrient transport vs. in i3i-::~t rescncr.:-!ti\•c processes. Such 
dnto woul~bc essential in predicting the effects of dredging 
or ~nuscwhy cortstruction on the nutrient dynnmics of the nearshore 
~ono. 
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B, .!_)_c!_~il__l2_!_~·-:?i.~ c t s 

Final rciults ohtaincJ from tltc above studies should yield information 

Hhich \.Jill enable testing of hypotheses genq-atcd concerning nutrient 

cycles in cold, shallmv marine environments. Extension of these hypotheses 

to the coastal vlc.~ters of the Beaufort and Chukchi Seas \.JoulJ be .J desirable 

devcJ.opmcnt. The data woul.d allaH increased sophistication and applicability 

to the ecosystem models resulting from current studies and suclt models 

would be the most useful data products. 

C .. Proj_ected costs 

The projected costs below include equipment costs but exclude logi~tic 

support: 

FY1979- $60,000 
FY 1980 $50,000 

D. Mai or e_g_uipment 

No purchases anticipated. Current meters, mass spectrometer time, expanded 

chemiial analysis capability and technic~l assistance would be provided by 
. . 
the Institute of Harine Science at appropriate cost. 

E. Location of future field effort 

Simpson Lagoon 

Harrison Bay 

Dease Inlet 

Elson Lagoon 

F. Logistic requirements 

Expansion of this program to include the llarrison Bay, Dease lulet-Elson 

Lagoon ~uea \.JoulJ require helicopter support in the spring and slwllmv 

draft boat supl)ort in sunuuer. fl. preliminary ·estimate for FY 1979 is 

25 hours helicopter support ::md 7 days of Alumiak support. Coonlin<1tion of 

these efforts with thQ LGL-Limitcd-US progr.:1m \.Jould be effected. 

XVII. Contractual Statements 

1. A schedule fox data submission for each task order has 1H'en, and 

will continue to be, submitted and updated each quarter. 
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2. Thin stntcment ic :in accordance with our base contract, nnd we 

\v:i.ll cont:inue to comply. 

3. Soc Section XIII of this p~oposnl. The University of Alaska will 

continue to negotiate n Voucher Specimen Policy with NOAA/OCS. 

We will comply vd.th the then agreed to policy. 

4. Sec Section XV of this proposal. The University of Alaska agrees 

that the Principal Investigators can travel to the P ect Office 

at least twice during the contract year, provided that such travel 

is in accord<mce Hith University of Alaska travel policy nnd con

sistent with other University duties of the Principal Investigator. 

5. Data will be provided in the fonn and format agreed to by the 

University and NOAA/OCS in the negotiating of the Dnta Management 

Plans for each of the tasks fa-lling under the jurisdiction of this 

office. 

6. As per Article 9 of the base contract, the University of Alaska 

agrees to the following: '' ... all archivable data is to be 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 sortin of samples is complete. 

The data so obtained are m·chivable 120 days follo~.;ing the actual 

sorting or other laboratory procedure." 

7. Hithin 10 days of the completion of a cruise or data gathering 

effort a ROSCOP data collection inventory form (NOAA 2/f-23) \.Jill 

be submitted to the Project Data Mandt;~r by the Chief Scientlt>t. 

If the Chlcf Scientist represents the contr<Jcts covered by this 

office, the form H:Lll be sent through this office. 

8. This Js in accordance \vi.th base contr<tet: \vi th \vhich we shall comply. 
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9. Three copi.cs of :tll publ:Lcntions or prcsentntlon ak;trnctn or manu

script!:: pnrtaining to technJcal or sc::i.entif:Lc matcrinl developed 

under OCSEAP fund:lng will he submitted to the COTH shty dDys pd.or 

to public<:Jtion or. prcscnt:-:ll::ion. Copies of nll n€'\vS relcnses meu

tioning OCS ot- uf:;ing information gnthcrccl hy OCS funding \vill be 

sent to the COTH. 

10. The follcllving acknm,;ledgement of sponsor~;ld.p wi 11 bt! us(~d: 

"This study Has supported under contract 03-5-022-56 
het:\vcen the University of Alaska and NOM, Dccpartmcnt 
of Commer.cc~ through the Outer Continental Shelf En
vironmental A1-wessmcn t Program to vlhich funds vJcn.~ 

prov:f.ded by the Bureau of Land ?'kmagement, Department 
of Inte1:ior.!! 
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B. Qualifications of the Proposer 

Both institutions (University of Washington and Pacific Marine Environ
mental Laboratory) and all principal investigators have worked on this research 
unit during the past year. Their qualifications remain unchanged, with the 
exception of an additional year of experience working on this project. 

C. Technical Proposal 

I. Norton Sound/Chukchi Sea Oceanographic Processes (N-COP) Task Number B2 
Research Unit 541. Contract Number: 03-05-022-67. 
1 October 1977 - 30 September 1V78. 

II. Principal Investigators: 

Dr. L, K. Coachman, Coordinator 
Department of Oceanography 
University of Washington, wB-10 
Seattle, WA. 98195 

Mr; R. L. Charnell 
·NOAA/PMEL 
3711 - 15th Avenue Northeast 
Seattle, WA .98105 

Dr. J. D. Schumacher 
NOAA/PMEL 
3711 - 15th Avenue Northeast 
Seattle, WA ·98105 

III. Cost of Proposal: 

A. Science $225,000· 
B. Logistics* 
C. Total $225,000 
D. Distribution of Effort (Approximate) 

Chukchi Sea 33% 
Norton Sound 67% 

IV. Background: 

Or. Knut Aagaa~d 
.Department of Oceanography 
University of Washington, ~JB-10 
Seattle,·WA 98195 

Dr~ Robin D. Muench 
NOAA/PMEL 
3711 - 15th Avenue Northeast 
Seattle, WA 98105 

Dr. T. H. Kinder 
Department of Oceanography 
University of Washington, W8-l0 
Seattle, WA 98195 

This proposal covers activities by the University of Washington and PMEL 
in the Norton Sound and Chukchi Sea areas. Efforts in these areas will be divided 
2:1 (see III D, above}~ 

An analysis and description of the regional pnysical regime bas~d on data 
available through 1973 (Coachman, L. K., K. Aagaard and R. B. Tripp, Bering Strait: 

* Logistics are managed and funded entirely through the OCSEAP Project Office. 
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The Re ional Ph sical Oceano ra h , University of Washington Press, 1975] has 
een use ul 1n defimng needs for further study which are being addressed in 

this program. Preliminary N-COP results appear in the First Annual Report 
dated 31 .March 1977. 

V. Objectives: 

Based on the knowledge we ·now have, the following major questions. pertin
ent to tasks B-2 {primary) and in support·of B-4, B-5, B-ll, B-12, D-4, D ... ll, 
D-12, E-2-, A-2, A-12, A-23, A~24 (and others requiring kn6\'lled9e of the time-
dependent -C-irculation) will be addressed: 

',', ' - < • 

1. Elu-cidation of the fluctu~tions in transport of the. predominantly 
north flow through the system; · 

2. ·Verification and temporal and spatial desc;ription· of the bifurca
tion of northward f.low which takes place west of Pt. Hope; 

3. Definition of temporal and spatial scales. of the variability 
ubiquitous to the system and acquisition of data for a dynamical description; 

4 •. Definition of circulations prevailing in Norton and Kotzebue sounds. 
These relatively shallow sounds on the east side of the system have been largely 
ignored in previous studies, the general circulation patterns within them are 
not well known; and 

5. Clarification of interaction in the zone between the shelf regime 
of the northeastern (N-COP study area) and the sdutheastern Bering Sea (B-BOP 

:· study area). -

VI. General Strategy.and Approach 

Major unknowns in the regional. circulation are the time-dependent flow 
and smaller scale spatial variability; many of the mean, large-scale flow fea
tures are known. Upon recovery of the 19 instrument moorings during the summer 
1977 field season, we will begin analysis of these records and our CTD data to 

1 address our objectives (see V, above). This analysis will be the m~jor thrust 
of our FY 78 work • 

. : To continue this work and to link the N-COP work and the OCSEAP work be
ing done in Bristol Bay {B-BOP, RU 141), we plan a field pro.gram of 9 instru
ment-moorings and 2 CTD surveys .. We plan to deploy the instruments in September 
1976 in cooperation with RU 141. ·Three moorings, one located in Bering Strait, 
one south of Cape Rodney in the entrance to Norton Sound, and one southeast 
of St. Lawrence Island (see figure) will continue to monitor conditions in the 
northeastern Bering Sea. Three additional moorings \'lill be placed between St. 
lawrence Island and Nunivak Island to examine the region.which connnects the 
study region of N-COP and B-BOP.· These moorings will be retrieved in July-August 
1978, and will thus contain 10-12 month long records. We plan to conduct CTD 
surveys both during the dep1oymentof the moorings in September 1977, and during 
their recovery in July-August 1978. These surveys will include attempts to define 
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the Yukon River's plume. These activitieS will be closely coordinated with 
concurrent deployments of moorings and CTD surveys in the B-BOP study area 
(see RU 141 proposal). 

A combined effort in RU's 541 and 141, including investigating there
gion between the domains of these two contracts, is important because these 
shelf regimes may not be independent. We have studied the regions north of 
St. lawrence Island and south of Nunivak Island separately, and we are begin
ning to understand some aspects of th~se flow regimes. He want to know if the 
two regions are sufficiently independent of each other to be considered separ
ately, or whether consideration of the bJO regions as a single entity is more 
fruitful. Examination of the data r;ecovered in 1977··-and the data from the pro
posed FY 78 field programs should help to answer this question. 

Additionally, we plan to obtain CTD data from Norton Sound during the 
winter. Our attempts to obtain these unique data last year were thwarted by 
unusual ice conditions. We therefore propose a program identical to that 
attempted in FY 77. · The measurements will be made from a helicopter based at 
Nome. Covering the approximately 30-station grid should take about one week 
of actual flying. We have talked with Cacchione and Drake of U.S.G.S.,·Menlo 
Park, who are eager to make transmissometer and suspended sediment measure
ments in Norton Sound during winter. It appears quite feasible to combine 
these with the CTD work, and we propose doing so as it makes effective use of 
logistics. 

VII. Sampling Methods 

CTD observation from vessels will be carried out using the Plessey 9040 
CTD units as in past OCSEAP work~ The helicopter-borne operation wtll utilize 

·a portable STD unit. Currents will be measured using Aanderaa recording meters 
in moored arrays as for previous work carried out und.er the research unit. 

VIti. Analytical Methods 

N/A 

IX. Anticipated Problems 

As always, logistic~ problems will require considerable attention. The 
principal uncertainty is the ice, and most sensitive part of the field pro
gram is the winter CTD work from helicopters. The apparent solution is for 
both.project office and investigators to remain flexible, and to modify plans 
as weather and ice require. 

X. Deliverable Products 

A. 

l. 

2. 

Digital data: 

Pressure gauge (format 017) 
Current meters (format 015} 
CTD measurements· {format 022) 

list of digital products--see attached Data Products Schedule. 
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Data Type 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

CTD 

Pressuge gauge 

Current meter 

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

tape 

tape 

tape 

Data Products Schedule 

Estimated 
Volume 
(Volume.of 
processed data) 

200 shallow 
·stations 

.3 Aanderaa 
TG records 

23 Aanderaa 
RCM-4 records 

OCSEAP 
Format 
(If kno\'m) 

022 

017 

015 

Processing and 
Formating done 
by PI 
(Yes or No} 

yes 

yes 

yes 

Collection 
Period Submission 

(Month/Year to.Month/Year} (Month/Year) 

various (1) 

various. (1) 

various (1) 

Note: (1) Submission will be about 120 days after collection. Because the data returns discretely in large quantitie 
because the data requires extensive processing after collection, and because many people have the responsi- -
bility of processing data under more than one OCSEAP contract, the 120 day target date will probably not. be 
met in all cases if the data is to have high quality..,..__He will sacrifice tfmely s.ubmission to maintain the 
quality of the data. Also see Milestone Chart. 



--- ~-~--=-~~~~~~~--------------· 
B. Narrative Reports 

We have written a manuscript on Norton Sound (submitted to the Journal 
of Geophysical Research) and one on Kotzebue Sound (as a technical report). 
Work on these reports will continue, and similar reports will be written 
as appropriate. · 

C. Visual Data -- Visual data will usually be included in quarterly~ 
annual and narrative reports. 

D~ Other non-digital data -- N/A 

- ' E. Data Submission Schedule -- see attached Data Products Schedule and 
Milestone Chart. · · 

XI. Data Required from Other Investigation 

. We desire light hydrocarbon plume .data from RU 153, and satellite imagery 
from RU.289. · 

XII. Quality Assurance Plan 

CTD data will be calibrated against a near-bottom water sample~ analyzed 
for salinity against Copenhagen (standard) sea water using ~rt induction sal in- · 
ometer, and for temperature using reversing thermometers. Current.meters 
and pressure gauges will be calibrated at the Corps of Engineers Bonneville 
facility, or at NWRCC Be1levue, a~ requi.red. · 

XIII. Special Sample and Voucher Specimen Archival Plan: N/A 

XIV. Logistics 

A. Ship Support 

1. See Figure 1. 

2. Operations at moored array sites will consist of deployment/recovery. 
Array design will be similar to that presently used. Additionally, 
approximately 100 CTD stations will. be occupied. Exact positions 
will be furnished for Project Instructions •. 

3. Optimum chronology of observations is given in TABLE 1. Departures 
from these times on the order of. one week would be acceptable. 

4. See TABLE I. 

5. All investigations are principal for the operation. All ·mooring · 
operations require daylight. A deployment requires about 1 hour~ 
as does a recovery. CTD work may be undertaken anytime~ typical on 
station time is 15-20 minutes. 
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6. Standard elect~onics test equipment CTD system, 7-track digital re
corder; salinometer_Nansen bottles, reversing thermometers, Survey 
Technicians and deci crew (for array deployments). 

1. Anchors will be railroad wheel configuratio~~ (~bout 2,500 lbs.). 
Subsurface. floattng will be either 28 or 41 "inch spheres. 

8. No 

9. No 

10. Yes. NOAA 

11. N/A 

12. Two-people. ·Participants have not been designated yet. 

B. AIRCRAFT SUPPORT·- FIXED WING N/A 

C. AIRCRAFT SUPPORT - HELICOPTtR 

1. See Attached chart for Norton Sound CTD grid. As time and weather 
permit, we will occupy Norton Sound stations and those east of St. 
la\'lrence Island. 

2. STD casts. 

3. February-March 1978. This depends critically on ice conditions. 

4. · 8 lines of stations, 360 miles •. Total flight hours depends on 
weather and ice conditions. 

5. 2-3. 

6. Portable STD unit, see RY 151. 

7 •. Bell .205 with muff heater, see RU 151. Floats are required. 

8. Charter or NOAA. 

9. 

10. Nome. 

11. Yes, VLF navigation, e.g. GLOBAL, ONTRAC. 

Quarters and Subsistence Support 

1. (a) Nome 
(b) February-March 1978 
(c) 2~3 personnel 
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LEG 

I 

II 

TABLE I 

logistics Requirements 
(RU 141/541 combined) 

Date Days 

· late February 78 12 

-Mid July 78 22 · 

764 

Operation 

Occupy about 100 CTD stations 
near ice edge and in the density 
inversion region 

Occupy approximately 300 CTD 
·stations and recovery all arrays 
in RU 141 and RU 541 



With perfect weather and ice conditions, the survey can be 
completed in under ten days, e. g.,~ 25M-D. Experience suggests· 
that the required time will be greater, and not very predictable. 

2. No. 

3. Current commercial rates at Nome. 

XV. Management Plan 

The project coordinator will coordinate activities of all personnel on 
the contract to meet deadlines on the Milestone Chart, to address objectives 
of the contract, to conform to the principles of sound scientific research 
and to ensure responsible fiscal management. 

XVI. Outlook 

Assuming that the FY 78 proposal is done successfully, the bulk of the 
data derived from this contract will be in hand only at the end of the pro
ject, i. e., October 1978. Thus, we require a minimum of one year beyond FY 
78 to reduce and analyze the data even if we undertake no further field work. 

1. Final results and data products 

Same as for this proposal: quarterly reports, annual reports, technical 
reports (PMEL or UW), and journal articles will be used to report our. findings,. 
as appropriate. 

2. Significant milestones: 

Submit CTD, pressure gauge, and current meter data: winter 1979. 

Preliminary analysis, annual report: 1 April 1979. 

More extensive analysis, e.g., technical report or journal articles: 
autumn, 1979. 

Each analysis of data inspires new questions, and suggests new field 
work to address these questions. The data we hope to recover during 
summer 1977 will, when analyzed, probably suggest fruitful field pro
grams. It i.s now premature to guess these programs or their cost. 

3. Cost by fiscal year: 

FY 79: Funding at a similar salary level and data analysis level as 
during FY 78, plus funding for field work. 

After FY 79: Funding for analysis of the previous year's data, plus 
funding for field work. 

4. Equipment costs: 

The major equipment costs would be replacement of lost current meters, 
pressure gauges, and acoustic releases, and refurbishment of these 
instruments. These costs would be proportional to the level of sch
eduled field work. 
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5. Location of future field efforts: 

The area between St. Lawrence Island and Nunivak Island may be 
fruitfully studied. 

6. Logistics requirements: simila: to FY 78. 

XVII. Standard Statements: 

1. Updated Activity/Milestone/Data Management Charts will be sub-
mitted quarterly. · . 

2. Quarterly rpeorts 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 terminat.ion of the con~ 
tract. 

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

4. At the option of the Project Office,.the 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, 
accompani.ed 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 rec;eived from the Project Office. This does not apply 
to report requirements (see para. 2). · 
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region, showing current mooring locations 
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the northern part of the study region. 
Exact section locations will be specified 
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MILESTONE CHART 
RU D: .541 PI: Coachman 

HDjor Hilestohes~ Reporting, dilta Management and other significJnt 
contractu~l requirements; periods tif field work; workshops; etc. 

MAJOR MILESTONES 1911 1~~~~ 
_ ----------t-0 N 0 .J-:.._r.~F-1. r--1:..:..·1-~...:../!._~~~ J J A _s_ _QI~ _fl. 

Recover 19 moorings, deploy FY 78 moor~ngs, do CTD 
survey -- September 1977 

Submit CTD data X 

,~ 

l----------------·---------------l--t--·t-~4---lf-4--t-r- -t-1- -r-r- . 

Submit current meter data X 

~----------------------------------------1---r---- --t---1--1----+-- r- -Jr-+--r---t-

Submit pressure gauge data X 

1-------------------------------·----;---t---r- --1----r-- - -r-- - __ .__t--t--t--T 

1------------------------------t--r-·r-- --t--·--:-- ---

Conduct CTD su~vey of Norton Sound X X 

;------------------------------J-- ,---- ·- -r--- -

Submit CTD data 
1-----------------------------------;--t---r--·---c-f----

1-----------------------------j--t--t-:--~I- --1--

Recover FY 78 moorings and conduct extensive CTD survey. 
1-------------------------------------1--T--;-- ··--+--+-·f---+-+--

Submit CTD data 
1----------------------------·1--t--t-t- -1--- r--

Submit current meter data 
~-------------------------------1-·t---t---~---- -·---

Submit pressure gauge data 

----r---1--i 

---
X 

:--'--

X X ·--,----~ 

-
X I 

==-=~ 
-H- II 
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3.0 TECHNICAL PROPOSAL 

3.1 ·PROPOSAL IDENTIFICATION 

3.1.1 Title: Implementation of SAl's Marine Data Management 
. ~nd Analysis System in Support of OCS Activities 

3.1.2 Proposed Dates of Contract: July 1, 1977 through September 30, 1978. 

3. 2 PRINCIPAL INVESTIGATOR 

Dr. ~1. Jawed Hameedi 

3.3 COST OF PROPOSAL 

3.3.1 Science (Total): $30,000 

3.4 BACKGROUND 

The primary objective of NOAA's Outer Continental Shelf Environmental 

Assessment Program (NOAA/OCSEAP) is to provide background information for manage

ment decisions that may be necessary to protect the Alaskan OCS from damage 

during oil·and gas exploration and development. Nine areas of the Alaskan OCS 

are under consideration for development. The approved Five~Year Plan indicates 

that the program must develop meaningful data, in a useable form and in a timely 

manner, so that any required corrective actions can be taken before serious or 

irreversible impacts occur. 

Since May 1976, SA! staff has assisted the NOAA/OCSEAP Program Office 

in meeting its. primary objective by performing a multitude of tasks, ranging 

from summarizing, integrating, and synthesizing data and results from OCSEAP 

studies to preparing briefing documents and management plans. 

The NOAA/OCSEAP integration task requires that SA! ... "develop the 

methodology and scientific implementation systems necessary to enable the synthesis 

of data and information products resulting from the Alaskan· outer Continental 

Program.". In addition, the NOAAoffices in both Boulder, Colorado and Wash1ngton, 

D.C., are required to receive and store data using the 1""1ost efficient available 
computing and data manag.ement techniques. Emphasis is placed on "most efficient" 
because of the large quantity and diversity of the OCSEAP data base. NOAA 
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must provide several types of integrated analyses in preparing their reports 

for BLM. This integrated data analysis approach. requires a data management 
system oriented towa·rd·analysisandis capable of handling data of different 

disciplines and. formats without progran)rrer involvement. SA! has developed a 
system which meets these requirements. The system has been in use in the 
Southern California Bight·Program for over one year, and both BLM and SA! are 
impressed with what it has accompli shed. A comparable system wi 11 be used by 

SA! in the South Atlantic Bight P:rogram.. This system implemented on NOAA com
puters-would, through its interactive nature; enhance the data analysis activities 
throughout the Alaskan OCS Program. 
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3.5 OBJECTIVE 

Working closely with OCSEAP/EDS liaison officer, Wayne Fischer, SAI 
will implement its Marine Data Management and Analysis System on the NOAA 
computer in Washington, D.C., and train NOAA personnel in its use. The computer 
codes, both the data management and the statistical analyses, will be .customized 
for NOAA and its computers. SAI .will have the following responsibilities: 

• Program Modification to Achieve NOAA/BLM Goals 
• Program Maintenance 
• Training of NOAA Personnel: Executive and User Level 
• Program Preparation (coding necessary to meet NOAA's new 

computer system) 
• Program Implementation (code loading on NOAA's computer). 

3.5.1 Methodology 
SAI will assist the NOAA OCSEAP off.ice by the implementation of the 

SAI .Marine Data Management System and the training of NOAA personnel in its 
capabilities and use. The implementation will involve obtaining from NOAA 
users a list of capabilities they wish the system to have. Variances from 
existing system capabilities will be noted and made on the system code before 
implementation on NOAA computers. Preparation of the code will involve exa
mination of NOAA computer systems, identification of NOAA's computer system 
capabilities •. Program implementation will involve one programmer full time 
for a short period to load and test the code on the NOAA system. 

Training of NOAA personnel will be done at the NOAA facility by SAI 
personnel. Training will be at two levels. The first, Executive Level, .in 
which the overall system capabiJ ities will be discussed in addition• to each 
statistical, cartographical, and data display subprogram, the limitations and· 
capabilities will be discussed. The second level, User Level, will consist of a 
one-week "hands-ann user course of the system. The program itself will be 
covered· in detail along with its use. 

" 

3.5.2 Statement of Work 

• -SAl w-ill make a.U.necessary modifications and preparation 
changes in the system. 

• SAI will provide qualified trained personnel instruction 
at NOAA designated locations to insure adequate training 
of NOAA personnel in the use of the system. 
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3.5.3 

• SAI wi 11 pro vi de an 11 0n-ca 11" prograrrmer to make any necessary 
"maintenance changes 11 in the system. 

• SAI will implement the data management system at a location 
specified by NOAA. 

SAI•s. Marine Data Management and Analysis System 

In order for the NOAA OCSCAP program to meet its scientific objectives, 
a data management system must be developed which not only provides adequate 
responsiveness to the scientists doing the work but one which also provides 
management with the necessary information to effectively manage the program•s 
diverse activities. The system that is proposed is one which has been fi.eld 
tested and verified by SAI in the Southern California Bight Program and will also 
be utilized in the South Atlantic Bight Program. Important features of the 

system include: 

• All data filtered for error on entry. 
• Data set and sub-set storage system which encourages frequent 

analysis. 
• File management system oriented toward oceanographic data and 

analysis. 
• System is indifferent to I/0 mode. 
• System allows retrieval and analysis by use of a map of the 

region~ calibrated to a digitable (complete ·digitation is 
unnecessary). 

t The system is designed to provide for dynamic hydrographic 
modelling. 

• The system is .interactively linked to an automated sample 
tracking system. 

The advantages to OCSEAP/NODC are: 

• A high quality minimized error data base 
• Thorough analysis of the data by scientists conducting the 

work 
• A high degree of interaction among the project members 
• More effective program management through links to data 

management 
t Easy access and manipulation of the da.ta by OCSEAP/BLM per

~onnel, if desired. 
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3.5.3.1 Approach 

Introduction 

The Data Management activities are divided into four phases: prepara
tion, field sampling, sample analysis and analysis/reporting. With the exception 
of the first, none of these phases are discrete in time from the others. Moreover, 
with the except_ion of the last phase, a·ll require ·essentially the same level of 
effort from the data management staff. Table 3.1 shows an example of these 
phases and their subcomponents. 

Description of the Data Management Phases 

Preparation Phase. During the preparation phase, activities involving 
the formating and variable list of each summary tape for each subcontractor are 
initiated. This includes making the contacts with other research programs 
operating in the same region to obtain data from them, and gathering historical 
data from other scientists. 

During this phase the Original Packaging, Cataloging and Storage (OPCS) 
document is updated. so that it reflects accurately the disposition of each year's 
data. 

Another important task requires the data management staff to contact 
sources of additional historical data sets. Once obtained, this data is entered 
in the system in a form which will facilitate statistical merging, when possible, 
with the newly-collected data. To facilitate this process, there is a procedure 
developed which is centered around a map of the region. The map is placed on a 
digitable, and the system is calibrated so that to obtain data from any loaded 
data set for a particular regibn all that is required is that the region be 
circled using the digitables control pen. A sloppy list then appears· on the 
screen showing the user which variables from which data sets are available for 
that region. The user· selects the desired variables using a light pen a.nd the 
data can then be placed in another file for analysis, mapped or statistically 
analyzed directly~ The procedure is very effective in bringing in either his
torical data, or data from the present project from different descriptives. 
Ffnally, the DTC card formats are reviewed for their suitability to the program. 
Additional statistics are identified and programming commenced as required. 

774 



Table 3.1 SAI/BLM South Atlantic Bight Program: Data and Analysis Requirements 

File Set 

Cur.renls (Surface an<l Subsurface) 

• 

• 
• 

Surface curre-nt 
Tr.ace.r infonnatl.on 

Photomosnlcs 

Aircraft tracks and plots 

• Subsurface curre1)ts 

• Current speed and direction 

• Conductivity, pressure temperature 

llytlrogrnphy .. Temperature 

• Sallnlty 

• l'ressure 

• Tlde 

• Dissolved oxyg£m 

• Nutr I crlts 

• Chloraphyll n 

• Transmisivi.ty 

• Sunpcnds part l.cul atcs 

• . Sateltlte - t:urh l.!lity 

Nel.corology 

• Wind velocity 

• llumldi.ty 

• 8nrometrlc pressure 

• I nveJ:" 9l.ons 

• Cloud cover 

• 

• 

• 
• 
• 

•• 
• 
• 

Type of AnalyJls 
for Each File 

llf.storical data overlays 'With 
current tlata. 

Overlays of current and historical 
data with photomosnlcs. 

Current reactor mapping . 

l'arameter-paramet:cr plots. 

Filtering 

Correlations 

Discriminant 

Spectral analysis 

• 

• 

• 
• 

• 

• 

• 

• 

Interpretative Va)uc 

Allows comparisons with present 
study wlt:h prevfous sl lHILes to 
ohscrve possible long term trends, 
.-uul lntegratJon when~ gaps exJ.st to 
develop syrltljlllc jlicturcs. 

Facilities compnrlson of (i.eld data 
with satellite data ami fills gnps 
in current flow mnpplug. 

Provides statistical/visual sunun:ll·i
zation of the data. 

Provides "point in time spncc" vinual 
of parameter change with nnollwt· 
parameter or wllh deplh . 

Several tyjics of fiitedng enopli)yi!<L 
o. Row data fll.tercd mlll sumutat·y 

types prepan•d 
h. Summary da t 11 f ll. ten.! <I ftH" e r r·o r. 

and cousist:eucy to maintain 
data ~nue quality 

Inteq)H!tatlon va l.ue. 

Con:·elations- parnmctrlc anti unu
parametri.c employed l:o provltlc 
f1Ccessary concepl.uallz;ll:ion of flow 
field, historical ngn!tWII!lll. 

Uiscrlml.nant nnulysls wLI.l be u:a~tl 
to detuct: lllllllll<llous pall crm;; in liH! 
flow f1eld, seasonal vadabillty 
nnd chaugcs In chrncleristlc fl11vs 
at t rl.hutnh l c to jne tcuro logIc at 
changes. 

Spectral annlysls will. he used in 
preparation o( the ·summary (];Ita I apl! 
to obtnin necessary low pass time 
series. 



The DTC program is one which allows the program manager to access 
virtually any raw data inventory information or <iata information from a TSO 
terminal in his office. The program he uses answers .a series of managerial 
oriented questions about the state of his program; sue~ as, what data has 
been collected, what collected data is in the pre-process stage, what data 
has been received, an_d what is the qua 1 i ty of the received data from each 
investig_ator? 

Field Data Retrieval Phase 

The dominant activity for the data management staff during this 
phase of the program is working with field staff in each sub-program to iden
tify correct procedures for formatting. It is critical to the quality of the
data that formats be comprehensive and flexible, else difficulties arise in 
storage and program development. As the field data is received at each inves
tigator's facility, it is preprocessed and a summary tape with the pertinent 
data is prepared. This summary tape will be sent to EDS/NODC for analysis and 
synthesis with data from the other programs. 

Another activity during this phase is the sample tracking activity, 
discussed in a later section in more detail. 

Raw Data Analysis Phase 

Activities in .this phase overlap extensively with those in the Field 
Sampling and Analysis/Repor:ting phases. During this phasethree major sub
activities are taking place: 

1 The. subcontractor's 1 aboratories are preparing summary 
tapes and submitting them for review arid entered in the 
system fo~ storage. 

1 The data are reviewed for consistency, readability and 
obvious quality before acceptance. 

1 Corrections are being identified by the laboratories 
and made in the data base temporary file. 

Durin~ this phase the program statistician is also t~avelling to each 
of the labs, meeting with each and suggesting ways in which he can use data from 
other program areas through statistics to enhance analysis for the final report. 
During this time the analytical and data i-ntegration capability will also be 
made available to each investigator. 

776 



Analysis and Reporting Phase 

The activities in this phase involve analysis of the data for three 
purposes: (1) the PI's final report;_(2) the Data Manager's interdisciplinary 
analysis to insure good communication between proper areas and therefore good 
science; and(3) the examination of the data for statistical "outlayers." 
Past experience has indicated that PI's tend to want to use the data call ected 
fromtheotherprogram areas, much ofthe work involved in (2) is transferred 
to (1), and therefore (1) represents the most time consuming of these activities. 
The analysis performed for each of the PI's involves taking· the data which has 
been "cleared for statistical analysis," that is, those data sets in which all 
corrections have been made, and applying the previousiy agreed-upon statistics 

·to them .. Sometimes the results obtail'!ed are unclear or _inconsistent which good 
science and additional analyses are required by the PI to aid in the interpreta
tion of·the results. Therefore, analysis of the data is not a·lways a single 
interation ~rocedure, but may require several iterations before enough informa
tion is revealed to allow an explanatory discussion-to be developed. The other 
important activity is that of "stati-stical filtering" of the data to identify 
statistical "outlayers" which could be the result of a ~oor or incomplete analy
sis. While this procedure cannot be used for all dataj it~can be applied to 
much of the data, particularly the chemic~l data. The first- is determination 
of the "statistical -distribution" and therefore what, if any, transformations 
may be required for it to meet the assumptions·of the statistics being applied 
to it. The second is a linear regression program linked to a sophisticated 
graphics .package, which allows easy ~anipulation to determine the _effects of 
eliminating "outlayers." Both of these procedures have proved useful in other 
programs and will be invaluable to the proposed work. This-applies to para
metric siatistics only. 

I 

In this phase, a data tape reporting all new data collected in the. 
current year's program can be prepared, thus completing data archiving respon
s i bil it i es • 

. Field Data Tracking and Data An~lysis 

These activities are closely linked to the data management function. 
The field data tracking system allows the data manager to identify all those 

. ' 

who handled a particular sample in the event of any problem. It also provides 
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him with valuable information on the quantity and timing of data arrival at the 
data center and therefore, allows him to plan his staff activities accordingly. 
The data synthesis function is closely linked to that of the data manager.· 
because the nature, and content, of the statistical analyses frequently dete~
mine the way in which the data files are set up in the computer•s memory, 
thereby determining the ease of access and the responsiveness of the system 
during the analysis phase. 

3.5.3.2 Available Analyses and Their Application 

It is apparent that a viable data base management program must be 
able to accept data in any formatand store it in a file system structured to 
meet the demands of the NOAA/OCSEAP program. The corresponding software usee{ 
in generating the required graphs and charts and in performing therequired 
statistical analyses must also be programmed to read the files in whatever 
format they are stored, eliminating the. necessity of rewriting the software 
format or manually handling the system•s data .. The system should also be 
capable of handling a massive amount .of information, with much diversity. 

Fortunately, this problem is not new.· Most compilers can handle 
the variable format and most 64K memory machines can handle· even the most 
sophisticated statistical analyses of data when accompanied by a disk system. 

The SAl ~ystem package has the.following partial list of sub-programs. 
A brief descr~ption of each follows: 

1 IFMP Interim File Mafntenance Processor 
I· .TAPEDT Raw Data Tape Copy 
1 GRFIT Histogram Generator 
1 PLOTIT X, Y Plot Generator 
1 MAPIT Map Generator 
1 DIVCAL ·Diversity Calculation 
1 CONSPC ·Community Description by Mirror Image Plots 
1 GSCLUS .· Ecosystem Description by Clustering 
1 CONVAR Community Change Study by Canonical Variate Analysis 
1 CORIT Correlation of Two .Variables 
1 CORITZ2 Combined Linea~ Regres~ion/Correlation and Editing 

Procedure 
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·• MCORITl Multiple Linear Regression/Correlation and Editing 
Procedure 

• MCORIT2 Multiple Non-Linear Regression/Correlation and 
Editing Procedure 

• MAPRETV Digitized Tablet Data Retrieval 
• DISCRIM Discriminant Analysis 

3.5.3.3 Discussion of the Software Ensemble 

• IFMP - Interim File Maintenance Processor: The program deals with 
the volatile files in conducting maintenance functions such as deleting, adding 
and changing data records. The instruction to the program may be read either 
from cards or from a remote terminal. Execution of this program results in a 
new tape with all indicated changes. The old tape is not used as an output 
tape so that a historical record is maintained. 

The purpose of this program to the data base manager is to update his 
ex1sting tape file system. The option to make the corresponding changes on 
disk files is also included. 

• TAPEDT - Raw Data Tape Copy: · This program is intended to be used 
primarily by ~he data base manager to accept. an input tape in raw or interim-
raw format, edit it ·in accordance wit~ instruption from cards, or terminal, and 
create an edited output ·tape. It can also be used to edit tapes in other formats 
since the record size is variable and multiple files are allowed. 

The purpose of this program to the data base manager is to write a 
tape in a 11 requestor-specified11 format, or a tape which may be required to 
perform any of the following analyses. 

• GRFIT - Histogram Plotter: This program accepts a tape generated 
by TAPEDT and prepares a histogram plot. The plot appears as the one presented 
bel ow, indicating the specie abundance relationship for an intertidal commun i.ty, 
shown here on a lognormal assessment of the community (Figure 3.1). A CALCOMP 
plotter and the accompanying software is required for.use of this program. 

• PLOTIT - X, Y Plot Generator: The program accepts a tape generated 
by· TAPEDT and prepares an X, Y printerplot of the data. The program will plot 
as many as 10 lines on the same axis set. 
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2. 3 , 1 • ' 10 . n 12. 13 u 
OCTAVE 

Figure 3.1 GRFIT Histogram 

780 



• DIVCAL - Diversity Calculation: This program accepts a tape 
generated by TAPEDT and conducts four calculations on the community composition. 
The indices are: (1) a dominance index; (2) a species richness i'ndex; 
(3) eveness index; and (4) a diversity index ... 

• CONSPC - Community Description by Mirror Image (Kite Diagram) 
Plot: This program accepts a tape generated by TAPEDT and calculates a communi
ty description utilizing mirror image plots (Figure 3.2). This type of analysis 
is favored by intertidal biologists to graphically show seasonal changes in 
community structure. A CALCOMP plotter with accompanying subroutines is required 
for the program. 

• GSCLUS - Community Description by Clustering Analysis: This program 
accepts a tape generated by TAPEDT and calculates a community description in 
terms of clustering levels using the specie association criteria set forth by 
Sneath and Sakal (1974). 

3.5.3.4 The Advanced Statistical Package 

• GSCLUSl ~·The Dendrogram for GSCLUS: This program would accept 
the tape written by GSCLUS and prepare a dendrogram plot. (See Figure 3.3 for 
a hypothetical example.) This prbgram requires a CALCOMP plotter with accom
panying software package. 

• MAPIT -·Map Generator: This program accepts a tape from TAPEDT 
on which is written station locations. It then generates a map in relation to 
the co~stal outline~ for any subregion within the study area. 

• COVAR - Community Change Study by Canonical Variate Analysis: 
This program accepts a tape from TAPEDT and conducts a community analysis using 
the methods of canonical variate analysis. This is a method of ordination in 
which matrix methods are used to minimize the variance between species abundance 
in the community and measured abiotic factors.- Using this method, particular 
species groups· (communities) can be associated with specific environmental 
factors •. Conversely;, omission of particular species within those groups, and 
their abundance, can be associated with certain abiotic factors. 

• CORIT - Correlation of Two Variables: This program performs 
correlation analysis on data written onto tape by TAPEDT. 
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• CORIT2 - Combined Linear Regression/Correlation and Editing Pro
cedure: This program performs correlation and regression analysis on data 
written onto disk or tape by TAPEDT. · The user is presented with a 1 ist of 
display options for files.· He selects those he wishes to examine, and they are 
displayed on an X~ Y plot. He then may request.the analysis to be run, 
resulting in the r2 va 1 ue being displayed on the plot and the parameters of the 
linear regression line also.displayed (Figure 3.4). ·He may choose to delete 
a point and recalculate. This he does via 1 ight-pen control. All data associated 
with the deleted point is also displayed. He may .continue the process of dele
tion and re-addition until satisfied with the analysis. 

The program is particularly useful to the data manager in examining · 
the data for possible incorrect analysis in the labor or contamination in the 
field. 

t MCORITl - Multiple Linear Regression/Correlation and Editing Pro
cedure: This program performs stepwise multiple regression/correlation analysis 
on data written onto disk or tape by TAPEDT. It has all of ~he options indi
cated for CORIT2, except that only 3 variables rnay be displayed at a time. 

Its use is similar to CORIT2, but it is a more powerful technique.and 
is used for data sets where confounding may be more significant. The user has 
the choice of either a direct or transform solution. 

t MCORIT2 - Multiple Non-Linear Regression/Correlation and Editing 
Procedure: This program performs multiple non-linear regression/correlation 

· analysis on data written onto disk or tape by TAP EDT. It has a 11 of the options 
·indicated for MCORITl. Its use is the same. 

~ MAPRETV - Digitized Tablet Data Retrieval: This program uses a 
digitized tablet, overlayed with a map of the region of interest to retrieve 
data stored on disk or tape. The data is accessed by keying in a particular 
map number. This map is· then placed on· the tablet and the tablet pen is used 
to outline regions of interest. All stations touched or encircled by the user 

- . . . 

are then placed either in analysis arrays (see following sections), written on 
tape~ disk, cards or displayed on the scope or terminal, or any combination of 
these as the user wishes. 
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• . D,ISCRIM - Discriminant Analysis: This program performs discrimi
nant analysis on data written by TAPEDT or IFMP. Discriminant analysis is 
used where. there are a few closely related parameters in which identification 

. must be as certain as possible. This analysis is also designed to work in 
conjunction with COVAR so that discrimination of the canonical variates may 
alsobe achieved~ 

3.6 ANTICIPATED PROBLEMS 

The quantity and complexity. of data generated by OCSEAP and related 
programs is steadily increasing. SAI believes that if the most useful and 
comprehensive synthesis is to be realized, increasing attention should be 
directed towards· expansion of data management capabilities. Implementation 
of the proposed marine data management and analysis system will help achieve 
this goal. 

3.7 QUALITY ASSURANCE PLANS 

3~7.J Planned Costs and Schedules 

In addition to the cost and schedule reporting provided by SAI 
(Figure 3.5); the SAI internal management information provides the following 
computer reports that will be directly useful for maintaining costs control: 

t · Management Information Service 74 - Detail of Direct Cost 
Biweekly - actual expenditures 

t Management Information Service 85 - Monthly Budget A~alysis 

A detailed accounting system of all expenditures, actual..and encum
bered, is also maintained by the Project Administrator. The combination of 

. . 
these systems allows the project management staff to monitor the expenditures 
of contract resources closely and maintain cost control. 

3. 7.2 Del iverables 

SA! staff ·will work in close· conjunction with OCSEAP staff in pre:-
. paring del iverables to insure the product is consistent with what was envisioned. 
·Internal ·sAI review .will insure .. the products are of the highest quality and. 
flexibility.' 

786 



SCIENCE APPLICATIONS, INC. 
PROJECT AUTHORIZATION NOTICE 

Title --------- I 
Sub. 

P.l. -------------------Duration--------------- Date Opened 

Contract Type 

Agency/Customer 

Contract Representative 

Proposal Ref ____________ _ Approved 

Contract No. ------------Contact 

----------Current Funding-----------~ GFE 

TOTAL COST CURVE t$000'5) 

~.~-~~~~~.-Ei:~.~;-~~S-~'~c·-~----~-~~-"~--~·--~ I~--,-~--~-~·E··~E3~3:·~·~-~-~-2:=·8: =s~ 
•_L.: r- ---- ~---------->--- ~~=~=::-:-::·.:?.: _· :--~~·=-~-- ~__:-c=~-==-~--·-~-

-·-···---------·---· _;__-_______ ·__:____ ____ . __ ·_~_;~_ 
, • o I . I l ' • : 

----- -- -:---... ~-: -· --r- ___.__ . ~ . .:-..= 
-~ --

----:-i·-

Pe~i~_Endi11g_. __ _ ---+---- ------------ ------ ---·-+-----1----
A Current c -----~•----+---r----1---~-----~----

T Cumul. 
- ---1----1-----t---1 ---- ·--- -----~---~--- ----1----+---it-------1 
\ Cur·rent 1----t-~--- ----I----I---- ___ .. --·- ___________ ·-------~----t---t----+---1 

N Cumul. 
~~------~--L---L--~~-~~-~~----~--~·----~---------~-----~---L---~---L---~----L----~---~ 

Statement of Wori:/Comments·:....------------------------~--------------------------'------------

Figure 3.5 Cost and Schedule Control Form 



3.8 MANAGEMENT PLAN. 

The proposed management plan (Figure 3.6) consists of a flexible 
· concept that SAI has used successfully in a large number of technical support 

programs. Specifically, we propose: 

1 Technically qualified PI, with sufficient vested authority 
·and flexibility to be fully responsive to NOAA/EDS needs. 

1 ·Qualified staff, each of whqm is a specialist in inter-. 
disciplinary data management, computer applications and 
programming. 

1 A visible ptoject status in SAI. The PI will report 
directly to Dr. L. B. Gratt who is responsible to the SAI 
president through Dr. E. G. McGrath for performance. . 
Dr. Gratt has the authority to commit corporate resources 
to the project as required. 

The project schedule outlined in Figure 3.7 illustrates the expected 
period of performance for each suggested task. 
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~ 
1977 1978 

July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept A 

Program Preparation 4 wks 

Program Modification - .l 0 wks -
Program Implementation -l- w~ (Washington~ D.C.) 

~raining NOAA Personnel 1 wk -
Program Maintenance and remainder of contract Updating -

Figure 3.7 Project Schedule 



Southeastern Bering Sea Circulation 

Research Unit: 549 

Principal Investigators: J. D. Schumacher 
L. K. Coachman 
T. H. Kinder 
R. L. Charnell 

Total Cost: $156,000 

Date: 1 October 1977 - 30 September 1978 
' 

Pacific Marine Environmental Laboratory 
3711 15th Avenue N .. E. 
Seattle, Washington 98105 

Required Signature~~ 

J. D. Schumacher, Principal Investigator, PMEL 

PMEL 

PMEL 
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Technical Proposal Form 

I. Southeastern Bering Sea Circulation 
RU 549 
Contract Number: 
Proposed Dates of Contract: 1 October 1977 - 30 September 1978 

II. Principal Investigators 

Dr. James D. Schumacher 
Dr. L. K. Coachman 
Dr~ Thomas Kinder 
Mr. R. Charnell 

III. Cost of Proposal 

C.· Total $156,000 
D. Distribution of Effort by Lease Area: 

IV. Background 

1. Coordination with Other RUs: 

Bristol ~ay, 55% 
St. George Basin, 45% 

Coordination will be continued with RU 435 

2. · Relation to Previous Research: 

From current meter, pressure gauge and CTD data collected during 
FY 76 and FY 77 programs several conclusions regarding circulation have been 
made (see FY 76, FY 77 Annual Reports). A dominant feature is the lack of 
mean flow except along the shelfbreak and during relatively short (1 to 3 days) 
pulses.· The temporal and spatial distribution of such pulses requires further 
investigation inorder to delineate their formation.· We believe there is a 
conditional response of shelf water to storm·center location. In order to ad
dress this objective, extensive analysis of available meteorologic(ll data and 
a field program designed to examine the spatial extent of such pulses will be 
undertaken. 

Periodic ice formation and the balance between buoyancy and mix
ing results in a well mixed band of coastal water, and a sharply defined two
layered region seaward of the 50 m isobath. Further, interactions between 
the shelf water and slope waters over the shelfbreak results in density inver
sions. During FY 78 a prime objective is to investigate processes involved 
in creating the observed hydrographic structure by analyzing the vast quantity 
of CTD available upon completion of FY 77 field operations. Additionally, 
it is paramount to examine the density structure under ice cover. This experiment 
will be undertaken during February 1978. 
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v. 

( 1) 
(2) 
(3) 

(4) 

{5) 

VI. 

VII. 

Objectives: The general objective will be to provide information 
l.eading.to an improved understanding of th~ hydrography, circulation 
and dominant driving mechanisms in the so~theastern Bering Sea. 
Specifically, .these dbjectives are: 

To obtain and analyze current and pressure gauge records. 
To synthesize current data and investigate meteorological forcing. · 
To obtain a better understanding of the formation mechanisms and role 
in mixing of large scale density inversions. 
To obtain a better understanding of the hydrographicstructure (e.g. 
th~ front separating coastal waters and the two layered domain) 
Data'will be available for fllOdeling ~fforts conducted under RU 435. 

General Strategy and Approach: To obtain direct measurements that 
yield current meter, pressu~e gauge and CTD data to.characterize 
hydrographic structure and circulation .. This will be carried out 
by maintaining the program discussed in Section VII. 

Program Design: To link the B-BOP work and OCSEAP work being done 
in N-COP (RU 541), we plan a field program of 9 instrument moor-
ings and 2 CTD surveys. We plan to deploy the instruments in Sept
ember 1977 in cooperation with RU 541. Three moorings will continue 
to monitor conditions in Bristol Bay. Three additional moorings will 
be placed between St. Lawrence Island and Nunivak Island to examine 
the region which connects the study region of N-COP. and B-BOP. These 
moori~gs will be retrieved in July-August 19~8, and will thus contain 
10-12 month long records. We plan to conduct CTD surveys both dur-
ing the deployment of the moorings in September 1977, and during 
their recovery in July-:-August 1978. These activities will be closely 
coordinated with concurrent deployments of moorings and CTD surveys 
in theN-COP study area (see RU 541· proposal), and the selection of 
mooring sites will be made with the requirements of RU 435 in mind. 

A combined effort between RUs 541 and 141, including investigating 
the region between the domains of these two contracts, is important 
because these shelf regimes may not be independent. To date, we have 
studied the regions north of St. lawrence Island and sout~ of Nunivak 
~sland separately, and we are beginning to understand some aspects of 
these flow regimes. We want to know if the two regions. are inde6enden~ 
of"each other or. whether considering the two regions as a single· entity 
is more fruitful. Examination of the data recovered in 1977 and the 
data from ihe proposed FY 78 field programs should help answer this 
questiqn. · · 

The locations for moored arrays are shown i·n "Figure 1. Arrays BC-3,. 
BC-15, and BC-9 have been occupied previously and will provide long
term time series. Array~ BC-20. and BC-21 will be equipped with bottom 
pressure gauges to address objective 4. Additionally, the current re
cords obtained will provide a measure of flaw· continuity between this 
study ·area and RU 541 . This wi 11 all ow an examination of the tempera 1 
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and spatial distribution of flow pulses (see FY 75 Annual .R~port). 
These arrays are to. be deployed in September 1977 .. Coincident with 
.deployment/recovery operations, CTD stations will be occupied to 
elucidate water mass distributions and vertical structure. In parti
cular, the northwestward extension of the front between the two-layered 
shelf water and well mixed coastal. water will be examined. 

During early February 1978, CTD operations w.ill be conducted using· 
helicopter support and through-the-ice techniques. Approximately 
25 stations will b~ occupied along sections 1~5 (see Figure 1). · 
These CTD data will provide an initial determination-of vertical 
structure under ice conditiQns. Concomitant with. helicopter opera
tions, shipboard CTD will be collected along the ice edge and 
throughout the ·interaction region where density inversions have 
been observed. This experiment will investigate the temporal 
character of an inversion and attempt to more clearly define the 
spatial extent of such features • 

. At this time, we do not plan to use surface drift cards in Unimak. 
·Pass and surrounding areas until similar activities around Kodiak 
Island (RU 138) have been evaluated. Upon completion.of such. 
evaluation we may .apply an. appropriate program in the Bristol Bay 
ar~a. · · · 

VIII. Analytical Procedures 

N/A ... 

IX. Anticipated Problems: CTD helicopter operations are -dependent on ice 
conditions and.weather, thus both investigators and the Project 

.Office must be flexible and modify p·lans as. conditions dictate 

X~ Products: 

1. Digital Data: 

A. Current meter,_pressure gauge and CTD data acquired will be digi
tized in accordance with existing .procedur:es in formats defined by the OCSEAP 
data base in NODC. Formats are 022, 017, 015. 

B. See a~tached Data Products Schedule. 

C. · Narrative Reports: Reports will discuss relationships· between 
currents, sea level and meteorological conditions inferred from acquired data. 
Additional CTD observations and· data of opportunity, as available, will be 
analyzed for new information on processes of mixing and transport of deep 
Bering Sea water onto the shelf. Reports will also include documentation of 
·experimental design and m~thods of analysis. 
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Data Type_ 
(i.e. Intertidal, 
Benthic Organisms, 
etc.) 

Current meter 

CTD 

CTD 

Media 
{Cards, cod
ing sheets, 
tapes,- disks) 

Tape 

Tape 

Tape-

Data Products Schedule 

Estimated 
Volume 
{Volume of 
processed data) 

66 months 

25 stations 

200, stations 

OCSEAP 
Format 
{If known) 

File type 015 

II 
II 017 

II II II 

Processing and 
Formating done 
by PI 
{Yes or-No) 

Yes 
II 

II 

CollectiolJ 
Period Submission 
{Month/Year to Month/Year) (Month/Year) 

9/17 to 7/78 

3/78 

7/78 

10/78 

6/78 

10/78 



.n. Visual Data: Currents, pressures, and meteorological data will 
be graphically displayed in the Narrative reports, including: 

Appropriately filtered time plots of tidal and non-tidal currents. 

Charts of progressive vector diagrams. 

Stick diagrams of currents, together with winds and pressure varia
tions. 

Charts showing hydrographic,properties and locations of water mass mix
ing areas. 

Data Submission Schedule: See Data Products Schedule 

XI. Information Required from Other Investigators: 

Close coordination wi 11 be carried out with D. Hansen (AOML) and 
J. Leendertse (RU 435). Additionally, satellite photographs of ice 
distribution will be required from Dr. T. Royer, UA. · 

XII. Quality Assurance Plans: 

All equipment is and will continue to be calibrated at NWRCC as per 
OCSEAP requirements already established. 

XIII. . · Special Sample and Voucher Specimen Archi.val Plan 

N/A 

XIV. Logistics Requirements: 

A. Ship Support 

1. See Figure 1. 

2. Operations at moored a~r~y sites will consist of deployment/recovery. 
Array design will be s1m1lar to that presently used. Additionally, 
approximately 300 CTD stations will be occupied. The exact positions 
will be furnished for Project Instructions. 

3. Optimum chronology of observations is given in TABLE 1. Departures 
from these times on the order of one week would be. acceptable. 

4. See TABLE I. 

5. All investigations are principal for the operation. All mooring 
operations require daylight. A deployment requires about 1 hour, as .. 
does a recovery. CTD work may be undertaken anytime, typical on sta-
tio·n time is 15-20 minutes. · 
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6. Standard·electronics test equipment CTD system, 7-track digital re-
·corder; salinometer Nansen bottles, reversing thermometers, Survey 
Technicians and deck crew (for array deployments). · 

7. Anchors will be railroad wheel configurations (about 2,500 lbs.). 
Subsurface floating will be either 28 or 41 inch spheres. 

8. No 

9. No 

10. Yes. NOAA 

11. N/A 

12: A. Two people. Participants have not been designated yet. 

B. AIRCRAFT SUPPORT - FIXED WING N/A 

C. AIRCRAFT SUPPORT - HELICOPTER 

1. See Figure 2 

2. CTD o~servation through ice. 

· 3. Operations totally dependent on ice cover. It seems that 
later February would afford the highest probability of 
success. 

4. 14 days (7 actual flying days) 

5. Two 

6. Portable CTD equipment presentlY being designed and constructed, 
final weight is planned to be about.500 lbs~ 

7. UHIH 

8. NOAA. .TITese helicopters have oeen used for similar operations 
in RU 141 E. 

9. N/A 

10. Nunivak Island, Cape Newenham 

11. No 

XV. Management Plan: 

Pis will maintain a plan which is an extension of that used in FY 76/77 
programs. Additionally, R. Charnell will be designated as OCSEAP Program Man
ager for PMEL and will be the focus for management. See attached Milestone 
Chart. 
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LEG Date 

I Late February 78 

II Mid July 78 

XVI~ Outlook: 

TABLE I 

Logistics Requirements 

12 

22 

Operation 

Occupy about 100 CTD stations 
~ear ice edge_ and in the density 
1nversion region 

Occupy-approximately 200 CTD 
stations and recovery all arrays 
in RU 141 and RU 541 

As!?uming that the FY 78 proposal is successfully completed, the 
bulk of data collected during this· contract year will be in hand onJy at 
the end of the project. Thus, analysis of FY 78 results will require 
a minimum of one year. Further, field operations at level similar to FY 
78 may be required to elucidate such features as (1) circulation in the 
Unimak Pass region (2} seasonal characteristics of the front between the 
well mixed coastal water and .the two· layered waters and (3} circulation 
along the shelf break. 
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XVII. 1.. Updated Activity/Milestone/Data M~nagement 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 fi~st day of Janua_ry, 
July, and October, annual reports by April 1. The Final Report 
will be submitted within 90 days of the termination of the con-
tract. · 

3. Where biota are concerned, all species and higher categories will 
be. represented· by the voucher specimens that wi 11 be preserved, 
label1ed, held, and shipped to an official OCSEAP~designated 
repository in conformity t~,•./ith OCSEAP :voucher specimen pol iCy. 
Voucherin.g 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 24-1.3). 

6 •. Data will be submitted within 120 days of the completion of a 
cruise or 3 month data collection period, unless a written waiver 
has been received from the Project Office. This does not apply 
to report ·requirements (see para. 2). · 

7. Within 10 days of the completion of a cruise or data gathering 
effort, a ROSCOP data call ecti on inventory form (NOAA 24-23) 
will be submitted to·the Projett Data Manager. · 

8. Title for all property ·purchased with OCSEAP funds remains with 
the U .. s. Government pending dis-position at contract termination. 

9. Three (3). cop.ies of all.publ1cation or presentation manuscripts 
pertaining to technical or scientific material developed under 
OCSEAP funds will be submitted to .the appropriate Project Office 
at least sixty (60) days prior to release for information and 
for fon>~ar.di"ng to BtM. The release of such material within a 
period of less than sixty· (60) days sha.ll be made only with prior 
written consent of the Project Office. News re.leases will first 
be cleared· with the appropriate Project Office. 

10. All publi~ati6ns and presentations of material developed under 
. O~SEAP_funds will acknowledge BLM/OCSEAP sponsorship. The . 

. fol~owmg acknowledgment is standard~ 

"This study was supported by the Bureau o.f Land 
Man~gement thr~ugh interagency agreement with ~he 
Nat1onal Ocean1c· and Atmospheric Administration, 
under whi.ch a multi-year program responding to 
needs of petroleum development ·of the Alaskan 
continental shelf is managed by the.Outer Conti.riental 
Shelf Environmental Assessment Program (OCSi:AP Office." 
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Date: 

To : 

From: 

RFx41-549-915 

-. IOV 1977 

U.S. DEPARTMENT OF COMMERCE . 
National Oceanic and Atmospheric Administration 
E..NVI,RDN'v:'E~! Ah ,n!98:~~~WE~~mz:fhA~~~~t~T 
r: ... -.. ;,. _': ~::n'_':: ~.t '-'··-:)';7~0-ltl _ _ . 
. · ,.,,_, . _ _.,, ... - .:: .. :! ~-: ;\,~~skil Project Ofhce 
r (J E<;x L.:<l8 
Juneau, idc1sb:.1 99802 
PH: 907-586-7432 

Subj: Acceptance of Proposal for R.U. 549 (PMEL) and R.U. 141 ~(University 
of Washington). 

The Proposal, "Bristol Bay Oceanographic Process" by Dr. Larry Coachman 
of University of. Washington and Dr •. James Schumacher of PMEL has been 
reviewed by the Juneau Project Office. It is recommended that it be 
accepted at the funding levels of $94,900 for R.U. 141 and $156,000 for 
R.U. 549. According to the attached letters amending the original 
proposal to meet the new budget figures, there will. be some ·reduction in 
data analysis and field work made necessary by the budget cut. 

It is requested that the contracti_ng office proceed with details of a 
contract with the University of Washington and that PMEL be notified of 
their funding for FY 78. 
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~ur:ninlstraticn 
1-1ES2.4F:CH LABORATORIES 

October 5, . 1977 

Herbert E. Bruce, Director, OCSEAP Project Office, Juneau 

\0 
Robert Charnelf, PMEL OCSEAP Coordinator 

Eller 
RU JA:i, FY 78, Proposal Revision No. 2 

The delay in responding to your August 19, 1977 letter requesting 
additional proposal revision is due to your letter never having been 
received .bY any principal investigator either at the University of 
Washington or here at PMEL; at mY request your office kindly provided 
a Telefax copy yesterday .. This delay should not be construed.as a 
lack of interest in our participation in this program. We want to 
assure you that researchers, both at PMEL and UW, are enthusastic 
about continuing our investigation of Bristol Bay. 

It is unfortunate that emphasis in the OCSEAP program is to be directed 
away from Bristol Bay. We have been successful in collecting a valuable· 
data set and an interesting picture of physical oceanography is beginning 
to emerge. However, we accept your judgement and agree to continue our 
work in this area at a reduced level. It is my understanding, from con
versations with Mauri Pelto~ that the new budget of $252.0K is to be 
distributed between the University and PMEL as follows: 

RU 141 (U. of Washington) 
RU 549 (PMEL) 

$96.0 K 
$156.0 K 

This represents a large reduction in our proposed effort for FY 78. As 
you suggest, the most logical way to attain the new funding level is to 
reduce the field effort. ·with each year of this project, a greater por
tion of support monies has gone into analysis of data previously collect~d 
with a subsequent reduction in support for field activities. A major 
portion of field activities for FY 78 was begun with deployments during 
FY 77 and must be continued with their recovery. Analysis of data collected 
in a field program next summer would not be done until the following fiscal 
year and hence is not a significant po.rtion of this year•s proposed budget. 
It was proposed that field work in Bristol Bay be combined with field work 
for N-COP; thus only one cruise can be dropped to help reduce field costs 
in Bristol Bay. These facts suggest that the proposed cost reductions 
cannot be met solely by a reduction of remaining field effort. Consequently, 
we will have to reduce the rate of data analysis during the coming year 
and hope to make up for this loss during the subsequent year. This probably 
means no field work in Bristol Bay during FY 79 so that we may have the 
time to complete analysis and prepare the appropriate reports. 
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The reduced funding level will severely limit our field work flexibility 
and means that we will be unable. to support Dr. Leendertse's program 
with deployments during next summer·. This is unfortunate; I hope you 
will be able to support his program with separate funding negotiated 
during the year. · 

In summary, PMEL and the University of Washington agree to continue . 
physical oceanography research work in Bristol Bay at a revised level 
of $252.0K. This funding reduction is achieved by: 

1) reducing field work during summer 1978 (including cancellation of 
the September Discoverer cruise) 

2) lowering the rate of data analysis 
3) eliminating field support for Dr. Leendertse's program 
Both PMEL and UW agree to these revisions; you will receive a separate 
letter from the University after it has gotten the necessary approvals. 

I want to reiterate the interest of our research team in continuing 
activities in Bristol Bay. I hope this revised program meets with 
your approval and that our delay in responding to your letter has not 
jeopardized our relationship. I expect you share my interest in com
pleting negotiations on tnis contract as speedily as possible. 

cc: LK Coachman 
JD Schumacher · 
JR. Apel 
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Department of Oceanography 
Cable tlddress: UNWADO 

Dr. Herbert Bruce 
OCSEAP 

UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 98195 

Bering Sea-Gulf of Alaska Project Office 
P.O. ·Box. 1808 
Juneau, Alaska 99802 

Ref: RU 141 

Dear Dr. Bruce: 

5 October 1977 

The delay in responding to your letter of August 19, 1977 is a result 
of never having received the mentioned letter. We are extremely interested 
in continuing our investigation of the Bristol Bay region. 

We accept the fact that there are other priorities which necessitate a 
cut in funding of the Bristol Bay Oceanographic Program. However, this 
represents a reduction to our proposed effort for FY _78. The proposed cost 
reductions will have to be met· as follows: 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

I. 

1. Eliminate the September 1978 Discoverer cruise, 
2. Reducing level of effort towards data analysis, 
3. Eliminating field support for Dr. Leendertse's program, and 
4. Curtail program to provide plots of CTD data in form of data 

reports, wh~ch Mauri Pelto .and. I thought very useful to other 
investigators. 

I have outlined the $26,600 reduction in funding as follows: 

Original Proposal To be Allotted 

Salaries 29,611 22,463.20 

Benefits 5,067 3,573 

Supplies 18,300 15,800 

Equipment 2,500 1,250 
'. 

Travel 8,600 5,900 

Computer 9,000 4,000 

Other Direct Costs 34,380 30,232.80 

Total Direct Costs 107,458 83,219 

Indirect Costs 14,042 11,681 

TOTAL 121,500 94,900 



Dr. Herbert Bruce 
5 October 1977 
Page 2 

The reductions were derived ·as follows: 

Reduction 

A. Salaries 7,147.80 

B. Benefits 1,494 

c. Supplies 2,500 

D. Equipment 1,250 

E. Travel 2,700 

F. Computer 5,000 

G. Other Direct Costs 4,147.20 

H. Total Direct Costs 24,239 

I. Indirect Costs 3, 717 

Man months: 0 • 5 LKC (P . I. ) ; 
3.0 Oceanographer; 1.0 RBT 

Calibration of instrumentation 
was deleted 

31% of travel associated with 
field program 

56% of analysis of data deleted 

57% of freight budget plus one 
man-mon.th of programmer and 1. 5 
man-month of technician deleted 

Since our total direct costs now 
drop below lOOK we now pay a higher 
rate while we are in the field. 
Hence, we.now have to pay an 
additional $1,356 in this category 

A cut of 26.6K is a 22% reduction from the original proposal. 
you look at the reduction in terms of man~months (which is the 
eliminate that kind of money), the effect is as follows: 

However, when 
only way one can 

A total of 21 man-months (5 man-months in the field) were proposed to accomplish 
the project. I have eliminated 7 man-months (5 analysis; 2 field work) which is 
in essence a 33% reduction in effort. 

We agree with PMEL to continue a physical oceanography program in Bristol 
Bay at this reduced level will attempt to provide the highest level of effo~t in 
accomplishing this program. 

RBT:LKC:af 

Since,rely, 

.. ): ,_· c .. !,_ ,,: . ' ( /' ) 

f/~·---. .. · L. K. Coachman 
Professor and 

) 
r, ·-~-- t . 

Principal Investigator 
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Research Unit #556 

I. TITlE:. Trace metals in tbe bottom sediments of the Southern Bering Sea 

II. ~ PRINCIPAL INVESTIGATOR: Wa:lter E. Dean, Jr. 

III. COST OF PROPOSAL: 

'IV. PERIOD ·OF l.JORK: 

Principal Investigator 

Name Walter E. Dean . Jr. 
·Address U.S. Geolo ical Surve 

·Branch of Regional G~_ochemistry 
u.s. Geological Surv¢y 
Denver, Colorado 

FY 78. TOTAL 

·15,000. 15,000 

October 1, 1977 - September 30, 1978 

·· 're lephone Number_· .;:.(;;..30.;;.;3;:;..):.-· ...;;2;;;;;3;...:.4_-.;;.;23;:;;..1:::.;0:...·-----~_._-_ _,.;;...___, ___ ..:..,_ __ .,...... ___ _ 

co 80225 

Organizational Financial Officer 

~lame' .Date 
·----------~----------~----------~----------~ -----------------~--~ 

Address. ________________ ~------~--------------------------------------------~ Telephone Number __ ......_ ____________ ___,....._ ___ _._ __ ..__ ___________ ...._ __ 
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1ECBNICAL PROPOSAL 

I. TRACE METAlS IN THE BOTTOM SEDIMENTS OF THE SOUTHERN BERING SEA (task A-3) 

II. PRINCIPAL INVESTIGATOR III. COST OF PROPOSAL 

Walter E. Dean~ Jr. 

Total 15,000 

IV. GENERAL STR..\TEGY 

Samples for the proposed research ~11 be collected during August and 
September, 1977 aboard the U.S.G.S. R/V Sea Sounder which will be conducting 
investigations by Gardner and Vallier (RU 206) on slope instability in the same 
area. The 1977 area of investigation will concentrate on the continental slope 
and large submarine canyons adjacent to the St. George Basin on the outer con
tinental shelf~ and will extend knowledge gained on :the distribution and concen
trations of trace metals in sediments obtained in the St. George Basin on U.S.G.S. 
Cruise S76-4, August and September, 1976.(see map included under the section
Other Data). Preliminary results of analyses of major, minor, and trace elements 
in surface sediments collected on the outer continental shelf last year.indicate 
three·main sources of sediment: the Aleutian Islands, the Pribilof Islands, and 
the Alaskan mainland. The preliminary results also indicate that trace and minor 
elements are valuable indicators of .the dynamics of sediment transport. For 
example, trace elements suggest that the dominant flow of sediments is from the 
Aleutians controlled by strong currents through the Unimak Pass. These data 
suggest that the Pribilof submarine canyon is active in channeling sediments but 
that the Bering submarine canyon may not be presently active in controlling 
sediment distribution. On the 1976 cruise, only a few samples were collected in 
the canyons, and none were collected on the continental slope adjacent to the 
St. George Basin. Data on sediments from the canyons and continental slope areas 
will be necessary to more completely characterize sediment dispersal patterns 
and their influences on the distribution and concentration of trace metals in 
an integrated shelf-slope-canyon dynamic system. 

Samples will be processed aboard ship, and should be ready for submittal 
to the U.S.G.S. analytical laboratories by October, 1977. Allo~ng a reasonable 
6 months for analyses, results should be available by the .end of Narch, 1978. 
Statistical analyses and computer graphic presentations of the analytical 
results will require another six months so that final results should be 
available by September 30, 1978. 
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V. SAMPLING N:ETHODS 

Sampling methods used on the 1977 southern Ber~ng Sea Cruise will be 
essentially the same as those used on the 1976 cruise. A sampling grid will 
be established by the intersections of, and by points along, seismic reflection 
l-ines. The first series of lines, perp,endicular to the slope, will be run 
during the first half of the cruise. The second series of lines, parallel to 
the slope, will be run between sampling stations on the second half of the cruise. 
Positions of the second series of seismic lines, and consequently the positions 
of the stations, will be predetermined as much as possible based on the seismic 
results on the first half of the cruise. 

~ations on the 1976 southern Bering Sea cruise were on the order of 30/km. 
At most stations, duplicate samples of surface sediment were collected and 
analyzed. All of the analyses of the 1976 samples have not yet been received, 
but a preliminary analysis of variance of the results received reveals that 
there is very little variation in chemical composition of sediments \rlthin a 
,station (geographic scale on the order of several hundred meters, within limits 
of navigation and d.ynarnic positioning of the ship), and that most of the variance 
is between stations (geographic scale on the order of 30 km). Based on these 
results, duplicate samples vlill "not be collected on the 1977 cruise' resulting 
in a marked reduction in analytical load. A number of analytical replicates 

. ~11 still be submitted in order to obtain a measure of analytical variance 
(precision). 

Samples will be collected by means ·of one or a combination of plastic-lined 
gravity and piston corers or a "chemically cleap" Soutar vanVeen grab sampler. 
Choice of sampler is governed mainly by the nature of the qottom material; the 
gravity and piston corers are used in$oft, fine-grained sediments and the 
vanVeen in hard, sandy sediments. Samples for chemical analyses will be 
collecte~ from· the top 3 em of vanVeen samples, and from the top 10 ern of 
gravity and piston cores. All samples will be dried at 90°C in·a forced-air 
drying oven· in the sediment laboratory aboard ship,. and stored in clean polyethylene 
containers. 

VI. ANALYTICAL 1-IETHODS 

Tne elements Al, Ca, Fe, K, P, Si, S, Ti, Mn, Sn, Se, Ge, As, Sb, Te, and 
Bi ~11 be analyzed by X-ray fluorescence spectrometry (Wahlberg, 1976). The 
elements B, Ba, Co, Cr, Cu, Ni, Pb, Sc, Sr, V, Y, Mo, Nb, Yb, Ga, and Zr lvill 
be analyzed by semiquantitative optical emission spectroscopy (Meyers, Havens, 
and Dunton, 1961). Na, :Hg, Li, and Zn will be determined by atomic absorption 
spectrophotometry on a single solution obtained by dissolving the sediment 
sample in nitric; hydrofluoric, and perchloric acids (Huffman and Dinnin, 1976). 
Cd will also be analyzed by atomic absorption on a solution obtained by digestion 
of the sediment sample with nitric acid (Nakagawa and Harms, 1968). Hg will be 
analyzed by a flameless atomic absorption technique in which mercury is vaporized 
in an induction furnace and the vapor amalgamated onto silver. The silver 
amalgamator is then heated and the vapor collected in an absorption chamber 
where its concentration is measured (Vaughn, 1967). All analyses will be per
formed by the Branch of Analytical Laboratories, Denver. 
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Statistical analyses of tb~ analytical results will be done using programs 
already existing in the U.S.G.S. STATPAC System maintained by the Branch of 
Regional Geochemistry, Denver (M~esch, 1976; Van Trump and Miesch, 1977). 
Programs .which will be used include basic moment statistics~ analysis of 
variance, correlation analysis, R-mode factor analy,sis, and Q-mode factor 
analysis. Computer graphics of results will be done using basic software 
routines on a Calcomp plotter interfaced with the Honeywell computer, Denver 
Federal Center. 

References: 

Huffman, Claude, Jr., and Dinnin, J. I., 1976., Analysis of rocks and soils by 
· atomic absorption and other methods, in Niesch, A.- T., Geochemical survey 

of Missouri -methods of sampling, laboratory analysis, and statistical 
reduction of data: U.S. Geol. Survey Prof. Paper 954-A, p. Al2-Al4. 

Myers~ A. T., Havens, R. G., and Dunton, P. J., 1961, A spectrochemical method 
for the semiquantitative analysis of rocks, minerals, and ores: U.S. 
Geol. Survey Bull. 1084-I, p. 207-229. 

Miesch, A. T:, 1976, Geochemical survey o£ Missouri- methods of sampling, 
laboratory analysis, and statistical reduction of data! U.S. Geol. Survey 
Prof. Paper 954-A~ 39 p. 

Nakagawa, H. M., and Harms, T. F., 1968, Atomic absorption determination of 
cadmium in geologic materials, Geological Survey research 1968: U.S. 
Geol. Survey Prof. Paper 600-D, p. D207-D209. 

Van Trump, George, Jr., and Miesch, A. T., 1977, The U.S. Geological Survey 
RASS-STATPAC system for management and statistical reduction of geochemi
cal.data: Computers and Geosciences (in press). 

Vaughn, W. W., 1967, A simple mercury vapor detector for geochemical prospect
ing: U.S. Geol. Survey Circ. 540, 8 p. 

Wahlberg, J. S., 1976, Analysis of rocks and soils by X-ray fluorescence, in 
Hiesch, A. T., Geochemical survey of Nissouri -methods of sampling, -
laboratory analysis, and statistical reduction of data: U.S. Geol. Survey 
Prof. Paper 954-A, p. All-Al2. 
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VII. EX:PECTED RESULTS 

Results of the proposed investigation·, together with results of analyses 
of sampl~s collected in the summer ·of. 1976, should ,provide sufficient data on 
the chemical composition of bottom sediments in the shelf-slope-canyon system 
in the vicinity of the St. George Basin, southern Bering Sea, to characterize 
the dynamics of sediment dispersal in th!s region, and the influences of 
sediment dispersal on the distribution of trace metals. These data should 
provide an estimate of the regional components (baselines) of_geochemical 
variability in surface sediments on the outer continental shelf and continental 
slope in the southern Bering Sea. These date; will also be used to determine 
the magnitude of local variability in surface sediments on the shelf and slope 
in order to provide a "meterstick" with which to measure future variations 
from the geochemical baselines. 

VIII. ANTICIPATED PROBLEMS 

None 

IX. DATA PRODUCTS 

Processing - yes 

Formatting - Data obtained by the proposed research will be in the U.S.G.S. 
STATPAC format which is a two-dimensional matrix of samples (ro\vs) and element 
conc"entrations (columns) .. Additional information provided as output from the 
U.S.G.S. RASS system includes sample descriptions, latitude and longitude of 
sample stations, and any additional information supplied by the submitter at 
the time of sample submittal. · 

Data Proauct 

Element concentration values 
Station locations 
Depth 
Sediment type 
Environment of deposition 
Size fraction 
Haps of element concentrations 

X. PRODUCTS 

Media 

cqding sheets 
data tables 
punched cards 

and/or magnetic 
tapes 

maps 

Estimated Volume 

50 sample stations 
concentration values 

for 38 elements in 
75 samples· 

1. Narrative reports of trace element composition and distribution in 
sediments collected during the proposed investigation integrated with results 
obtained on analyses of samples collected on the 19~6 U.S.G.S. Cruise S76-4. 

2. Tables of raw data as well as output from U.S.G.S. STATPAC programs 
including analysis of variance, basic moment statistics, R-mode factor 
analysis, and Q-mode factor analysis. 

3. Visual data in the form of contour maps of concentrations for most 
of the 38 elements for which we anticipate obtaining data. 
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XI. IWORt-L.\TION REQUIRED FROH OTHER INVESTIGATORS 

Although the information obtained by the proposed research could stand 
alone, an attempt will be made to integrate the following information: 
1. results of analyses for organic carbon, grain size, and mineralogy obtained 
on the same· samples by the U.S.G.S. Marine Geology laboratqries in Nenlo Park, 
California (Gardner and Valfier, RU206); 2. sub-:bottom seismic reflection 
data obtained as part of the underway ge'ophysical progr.am of the R/V Sea Sounder 
(Gardner and Vallier, RU206); 3. results of trace .element analyses of bottom 
sediments from 1:he northern Bering Sea (Nelson, RU413). · 

XII. CALIBRATION AND INTERCOMPARISON 

A total of 24 samples of surface sediments from the St. George Basin, 
collected on the 1976 cruise, have been sent to Dave Robertson of Battelle 
Northwest Laboratories (RUS06) for analysis of trace elements by Neutron Acti
vation. Results of these analyses will be used for intercalibration with 
results obtained by other methods by the U.S.G.S. Analytical Laboratories. 

XIII. DATA ·scHEDUAL 

Data will be submitted for cruise. 

The first data will be collected, in August, 1977. The data collection 
effort will be finished in September, 1978. · 

Data will be submitted to the Field Project Offices for inclusion in 
the data b~se in October, 1978 •. 

XIV. SPECIAL SAMPlE AND SPECIMEN ARCHIVAL PLANS 

All raw bulk samples will be archived at the U.S.G.s •. office of 'Harine 
Geology, :Z.Ienlo Park, California. In addition, bulk sami>les ground for c}iemical 
analyses wi.l;L be archived in the U.S.G.S. Branch of Regional Geochemistry, 
Denver, Colorado, and will be available for sampling by other investigators. 
No cost of·archiving will be charged. · 

XV. lOGISTIC REQUI~mNTS 

Ship support will be provided by the Office of Marine Geology, U.S.G.S., 
Menlo Park, California (Gardner and Vallier, RU206). 
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XVI. 1-1ANAG~NT PIAN 
; 

Management and activities are explained by tne activity/milestone chart 
below: 

Sample collection 

Sample. analysis· 

Statistical analyses of data 

Preparation of element maps 

Preparation of tables based 
on ·statistical ana·lyses 

Report writing 

s - beginning of activity 
f - end of activity 

s--f 

FY 78 
J F M A M -J 

8-~------------f 

s-----------f 
. . 

s---'-':..------f 

s--------f 

·~---------f 

-- - period of time over which an activity occurs 
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PROPOSAL TO OCSEAP 

TITLE: Analysis, Storage and Dispersement of Marine Coastal Sediment 

Reference Samples 

RESEARCH UNIT: 557 

PRINCIPAL INVESTIGATOR: Dr. William D. MacLeod, Jr. 
(SSN: 353-24-6186) 

TOTAL COST: · $20,100 

PERIOD OF WORK: Fiscal year 1978 

INSTIIDTION .AND DEPARTMENT: NOM National Analytical Facility 
Environmental Conservation Division 
Northwest and Alaska Fisheries Center 
National Marine Fisheries Service 

SUBMITTED BY: 

National Oceanic and Atmospheric Administration 
2725 Montlake Boulevard East 
Seattle, Washington 98112 

William D. MacLeod, Manager, NOM National Analytical Facility 
Environmental Conservation Division, NWAFC, NMFS, NOM 
2725 Montlake.Boulevard East 
Seattle, Washington 98112 

Phone: (206) 442-4240; FTS 399-4240 

APPROVED BY: • 

Donald C. Malins, Director, Environmental Conservation Divis ion 
NWAFC, NMFS, NOM 
2725 Montlake Boulevard East 
Seattle, Washington .98112 

Phone: (206) 442-7737; FTS 399-7737 
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Title·: Analysis, Storage, and Dispersement of Marine Coastal 
Sediment Reference Samples 

Object~ve: · Receive and analyze prehomogenized marine coastal 

sediment samples to be used as a reference and 

intercalibration material for heavy hydrocarbon 

analysis; distribute these samples to cooperating 

principal investigators and collate analytical 

reports from them. 

Principal Investigator: Dr. William D. MacLeod, Manager 

NOAA National Analytical Facility (NAP) 

Environmental Conservation Division 

Northwest and Alaska Fisheries Center 

2725 Montlake' Boulevard East 

Seattle, Washington 98112 

Introduction: Standard r~ference material is needed to evaluate 

the efficiency and reliability of analytical 

procedures and techniques employed by various: 

investigators and laboratories in hydrocarbon 

analyses. In this NAP study, aliquots of the 

.homogenized samples previously prepared will be 

analyzed for alkanes and arenes using glass cap

illary gas chromatography (GC), UV fluorescence, 

and mass spectrrimetry (MS); major compounds will 

be identified by GC/MS. Upon verification that 

the homogeneity of the proposed reference·sedi

ment is acceptable within experimental error 

(ca. ± 25% rel. std. dev.), samples of the refer

ence material will be distributed to various 

hydrocarbon analytical labs for analyses. NAP 

will collate the reports of the analytical 

results from these laboratories and place .them 

in a statistical context for the NOAA/BLM outer 

continental shelf program. 
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Work Plan 

1. The laboratory will receive approximately 500 frozen sediment 
aliquots (100-lSOg wet weight each) and store them frozen 
until analyzed or distributed. Samples stored longer than 
6 weeks will be held in a fre~zer at -50°C or less. 

2. A synthetic standard mixture of 6 n-alkanes, one isoprenoidal 
alkane, and 3 arenes will be prepared and 10 aliquots will be 
selected and processed through the sediment analysis procedure 
(spi~ed reagent blank). The relative standard-deviations for 
the 10 GC peaks and the 3 UV fluorescence maxima will be cal
culated. Relative standard deviations should not exceed ± 20% 
for any parameter. 

3. Ten sediment aliquots will be randomly selected and analyzed 
for:. 

(a) percent water, total organic extract, total 
saturated hydrocarbons and total .·unsaturated 
hydrocarbons by microgravimetry. 

(b) individual n-alkanes from Ct4 to Ca2, pristane 
and phytane in the saturated hydrocarbon 
fraction; selected_aromatic hydrocarbons 
(a-xylene, isopropylb€mzene, n~propylbenzene, 
indan, 1,2,3,4-tetramethylbenzene, naphthalene, 
benzothiophene, 2-.methylnaphthalene, 1-methyl
naphthalene, biphenyl, 2-6-dimethylnaphthalene, 
2,3,4-trimethylnaphthalene, fluorene, dibenzo
thiophene, phen~nthrene, anthracene, l~methyl-. 

phenanthrene, fluoranthene, and pyrene) in the 
unsaturated hydrocarbon fraction; analysis will 
be by glass capillary GC and GC/MS. - Concentra
tions will be reported ~n units of weight per 

gram dry sediment. 
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4. Investigate similar tenfold replicate analyses of."2-,3-, 

and 4-ring" arenes in the.total organic extract by UV fluores

cence spectrometry; concentrations will be determined relative 

to a synthetic standard mixture of naphthalene, phenanthrene, 

·and pyrene. 

5. Relative standard deviations and means will be determined for 

all analyses. If the relative standard deviations of 30 of 

the 40 GC measurements do not exceed± 25%, satisfactory ali

quot homogeneity is indicated, and NAP will distribute samples 

of the reference sediment as directed by OCSEAP. Shipping 

costs will be arranged for separately by OCSEAP. 

6 •. NAP will receive reports of these analyses from the partici

pating labor~tories and collate the results with assistance 

from center statisticians. The results and findings will then 

be forwarded to OCSEAP. 

7. NAP will compare extraction efficiency, ease and reliability 

of several methods foi analysis of hydrocarbons in sediment, 

e.g.': 
(a) 

(b) 

(c) 

(d) 

NAP's tumbled extraction with MeCl~/MeOH 
. t.. 

Quinn's direct extraction with boiling 

Toluene/MeOH .· 

Calder's Soxhlet extraction with MeC1 2/MeOH 

Shaw's Soxhlet extraction with Benzene/MeOH 

Aliquots of the above homogenized sediment will be analyzed 

in triplicate for comparison purposes after laboratory personnel 

are thoroughly familiar with the respective procedures. 
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Archival of Voucher Specimens of Biological }1aterials 
Collected under. the Outer Con"tineri.tal Shelf 

Environmental Assessment Program 
(OCSEAP) Support 

Solicitation No. NOAA 11-78 

Research Unit #~63 

Principal Investigator: William N. Eschmeyer 

Total Cost of Project: $51,247 

Institution: Cali.fornia Academy of Sciences 

Departments: Ichthyology, Invertebrate Zoology, Botany, .others as needed 

Principal Investigator: 

• ) 11'l . . e t,. . lt.>{..ttL ... i .. , >-t \·I t. .. £.-t· ~-,.,·ct'::.-c/ '>?-·f 

Dr. William N. Eschme~~ 
Director of Research 
California Acaden~ of Sciences 
Golden Gate Park 
San Francisco, CA 94118 
(415) 221-5100 (ext.'220) 
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Director · 
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TECfu~ICAL PROPOSAL 

Archival.of Voucher Specimens of Biological Materials 
Collected under the Outer Continental Shelf 

Environmental Assessment Program 
(OCSEAP) Support 

SolicHation Number: NOAA 11-78 

Research Unit Number: 563 

Contract Number: 

Proposed Date of Contract: May 1, 1978 through April 30, 1979, 
possible renewal for a like period 

II. Principal Investigator: Dr.. William 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 

III. COST OF PROPOSAL 

$51,247 
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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 receiving 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 its collections. 

All of the Academy departmental research collections are in the 
top 10 in the United States, with most in the top 2 to 6.nationally • 

. Two departments that will 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 
world'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 and those in preserving fluids in the Department of . 
Invertebrate Zoology. The Academy's Department of Ornithology and Mantmalogy 
also would accept specimens from this contract if any should become 
available, and this department is especially s~rong in western North 
American species, including emphasis on marine mammals •. 

The latest Annual R'epart for the Academy is submitted as additional 
information but not included as part qf the proposal. 

Department of Ichthyologl 

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 .worldwide in scope, with especially im1wrtant 
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 Science 
Foundation. Additional space will be made available in early 1978. 
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 type specimens, and its continued use 
by scientists and students. It provides a data b~se to governmental 
agencies concerned with environmental quality and endangered species, and 
it serves as a principal source ,of research materials 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 following: 

Dr. William N. Eschmeyer, Chairman and Curator 
Dr. Tomio Iwamoto, Associate Curator 
Dr. Harren Freihofer, Associate Curator 
Mrs. Lillian J. Dempster, Associate Curator (parttime) 
Nr. H. I. Follett, Curator Emeritus 
Ms. Pearl M. Sonoda, Senior Scientific Assistant 
Mr. James Gordon, Curatorial Assistant 
Mr. William C. Ruark, Curatorial Assistant 
Hrs. Betty A. Powell, Secretary 

The fish fauna off California is very similar to that off Alaska, 
with the exception of·areas west of the Aleutians. The Academy holds 
extensive collections from off western U.S. as ~..rell as Japanese 
specimens. Specimens from Alaska are not well represented in fish 
co·llections. 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 experience 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 the Department of Fish and Game of California, several 
universities, NHFS 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 submission 
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 Zoology 

The Department of Invertebrate Zoology has developed into one of 
the major repositories of preserved invertebrates in North America. 
It has extensive collections from Baja California, Central America, the 
Galapagos Islands, Alaska, British Columbia, and Southeast Asia. Alaskan 
holdings of importance include the U.S. fur seal investigations of 
1919-21, the Department of Naval Research Pt. Barrow project in the 
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. Publ. val 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. Lobos, Point Arena Reactor Site Study), 
Monterey 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 Survey of 
South San Francisco Bay, U.S. Bureau of Reclamation Delta-Mendota Canal 
Study, U.S. Army Corp of Engineers Mouth 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 

The Department is augmented by 4 Associates, 2 Field Associates, and other 
personnel work.:i.ng on specific grants, such as the· San Francisco Bay 
Project which wa-s funded by Sea-grant and several private foundations. This 
project involves the preparation o·f ·voucher specimen co~lections ·from. this 
region, preparation df.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 western 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 Environmental Studies Program. 

2. Specify appropriate collection and preservation techniques 
for various marine taxa. 

3. Coordinate the shipment of preserved materials from other 
principal investigators to the archive. 

4. Provide quarterly ADP formatted data summaries on the status 
and content of the collections. 

VI. GENERAL STRATEGY AND APPROACH 

1. Voucher Policy 

In conjunction with the designated OCSEAP representatives, 
the voucher policy will be finalized. The draft voucher policy 
is well done and needs only minor modificstion in our opinion 
(for example, propylene phenoxetol and propylene glycol are 
probably not essential for field preservation of most 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 "number 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 with sink and installation of 1727 sq. ft. of m2tal 
shelving. The Department of Ichthyology will not need most of 
this room for several 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 container 
d. Examine quality of identifications and labeling (by appropriate 

Academy curator). 
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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 with 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 'V"ith 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 is insured if they are 
in the general collections where, for example, alcohol levels 
are checked routinely or botanical collections are fumigated 
regularly, and the voucher 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 were. 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 information 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 Invertebrate Coordinator has had 
extensive experience in identificationand curation of invertebrates, 
especially from the N. Pacific, and he will supervise the processing 
of invertebrate groups as well as oversee 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 will 
be interested in switching to this project, and halftime of their 
current position will be filled by.·new perspunel. 

For certain specialty groups and anticipated low-volume ones, 
such as algae or terrestrial plants, we propose using appropriate 
Academy technicians and reimbursing their departments for time 
spent on this project through the inclusion 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 programs 
have not been as satisfactory as the use of mini computers with 
inunediate access and \vith 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 perhaps 
could be used for the present project with the addition of more 
memory units, but the Academy is currently examining larger mini 
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 IBM 5110) be leased for this project. 

Formatting ¥7ill be done. as prescribed in the RFP, with the 
Principal Investigator and Dr. Alan.Leviton 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 t-litl> 
data entry. 

The data base probably will be kept on disks and will be 
converted to tapes for quarterly submission. 

VII. SAMPLING METHODS 

Not applicable. 

VIII. ANALYTIC l>IETHODS 

Not applicable. 

IX. P.NTICIPATED 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 the.ir study. \-larking through 
the NOAA Coordinator, we vmuld want to assist in selecting proper 
voucher specimens in these cases. 

l.J"e do not 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 tapes 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 investigators, such as lists of vouchers by 
vessel station numbers, etc. 

For each voucher specimen lot we would enter all the informatioh 
on p. 16 of the RFP, along with the number of specimens in the lot, 
the catalog number, and provisions for future reidentifications. 
We also would add our own internal filing code to assist in 
subsequent retrieval of voucher specimens from the collections. 
This consists of entry of the department and its filing category 
(family number in fishes, numerical systematic file number in' 
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 may include archive vouuher catalog numbe.rs 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 RFP. See attached schedule (Appendix). 

XI. INFORMATION FROM OTHER INVESTIGATORS 

H'e anticipate the need to communicate with principal investigators 
shipping voucher specimens to the archive. Some labels may lack 
sufficient data, discrepancies will no doubt occur occasionally, 
etc. H'e 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 labels that are not 
completely legible, etc. 

Normally when museums or sci~ntists 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 the 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 BACKGROUND INFORHATION, the Academy 
is a stable natural history museum capable of providing long-term 
care to the voucher specimens deposited in the.Acad:=my scientific 
specimen collections. 

2. ADP Comrnittment. 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 departmental 
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 
experience of the organization and its staff, the on-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 PLANS 

Not applicable. 
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XIV. 1-fANAGEMENT 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 specimens 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. 

XV. OUTLOOK 

Once voucher specimens are deposited, we will 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 vo~cher material 
outstanding is extensive, we anticipate that the cost of continuation 
would be about $30,000 per year, until the bulk of the material is 
deposited. We anticipate. little or no subsequent expense., and processing 
of miscellaneous collections could be done at Academy expense, as is done 
with small c·ollections from Federal and State agencies and from 
scientists and other contributors of scientific collections. 

We 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 STATEMENTS 

1. Updated Activity/Hilestone/ Data Hanagement Charts will 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 both parties. It is understood 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 will be submitted within 120 days of the completion of a 
3 inonth data collection period, unless a written waiyer has been received 
from the Project Office. 

6. Ti-tle for all property purehased wit~ OCSEAP funds remains with 
the U.S. Government pending deposition at contract termination. 

7. Three (3) copies of all publication or presentation manuscripts 
pertaining to technical or scientific material developed under OCSEAP. 
funds will be submitted to the appropriate Project Office at least 
sixty (60) days prior to release for information and for forwarding to 
BLM. The release of such material within a period of less than sixty (60) 
days shall be made only with prior written consent of the Project Office. 
News releases will first be cleared with the appropriate·Project Office. 

8. Ail publications and presentations of material developed under 
QCSEAP funds will acknm.;ledge 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." 

XVII. OTHER INFORMATION 

The principal investigator, William 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 budg~t. 

834 



t,, Ty~e ......... 
,-:; r ...... ny-.:O~d:'l1 -. ..... ..,_. ~· ~., . . . 

Crs~nisms, ::1~.'1~C 

·r ) . -. 
Voucher specimen 
data 

it.ed in 
(Cards, ccd-
ing sheets, 
tapes, disks) 

Disks, converted 
to tapes for 
submission 

Estimated 
Volume 
(V.o1urr:e of 
processed data) 

Unknovm 

OCSEl\P 
Processing and 
Formating done Collection 

Format by·pr Period Submissior 
(If known) {Yes cr .No) {Honth/Year to ~tonthfYcar) (1-!onth/Yec: 

To be Yes, in conjunction May 1977 to ertd of 
project·and as long 
thereafter as 
desired 

Beginning 
Sept. 1978; 
quarterly 
thereafter 

established with NOAA 



MILESTONE CHART 
":.,....... .... 

I"U !I· \ ,. . 563 . 

', .. • ('\..., ··TT .. (' .... o··-:-s - L irCJ_u r -P .. ~ lJJ.3~ _____ -: 
rJ\..J,...\ ··;_...,::..u. .u. 1-'2. N I 0 l J F 1 i··1 1~ 1.1 1 ,J · ,} j-1' I S i ': ; ::I ;-.! 1 I 

~--F1-.n-al-i-ze-vo-u-ch_e_r_p_al-i~;----·----___,.-~-rTT-cTr-,; 6-~- --- -~ T --'TTTT-~--
'\.....--.----------r--r---;--l--r--i--i-:-.. -;--'!" '"""'lll-·1·-·--..1 - .... ·;··· Prepare shipping instructions for principal ~ ~ 1 

investigators sending specimens to the archive ------------1'--1--·l-- -1--1--1---~--------.. ..,__- - - -··- ...__, ___ -·-4-.. 
I ! 

Order equipment and supplies A A A 1 I i 
I. I I ! _ ~~:·--==============~----- A -A--: A --~~-- ·-,-..-1 ~--i~·-....., t Establish data format l..l. "-\ 

~ I. __ P_r_o_c_e_s __ s_v_o_u_c_h_e_r_s~p_e_c_i_m_e_n_s _______________ :~--i {- · /1 ;: ;:r:-~·~:-~~EC~ ~·-
~- -. -1.:.-. -· ~--;-,--·-,-,- ~~-· 

ADP first operational ~ I 
i Confirm identifications, upgrade >1here possible -, •. •------·· ;;. ;; --~TO ~;;I;T~:1~c~-j·· 

·-· ·--·- -· _..,.._ .--.. ......... _.:._.1 . ....:...._. __ . ___j_-L-.... 1-:-

I ! I I ! l Submission of fi::t:s.t :d§.ta tape ·to. NOAA, quarterly thereafter·--~~---~-
1 

. A!· j \ 1 j r ·~ 1 ~·- -,-·-·- - - -·--r·!-il_l_i_ 
, --

1
-:·-- --·H--T-,-,-,, 

I I I I I ! 

~-----------r~~~----- _JJL~L~4 
I _c_j_,. ___ --'-·-·-----. ___ .. -J_, I f_L 



Publications: 

1963. A deepwater trawl capture of two swordfish (Xiphias gladius) in the 
Gulf of Hexico. Copeia, 1963 (3): 590. 

1965. Western Atlantic scorpionfishes of the genus Scorpaena, including 
four new species. Bull. Mar. Sci., 15 (1): 84-164. 

Three ne>v scorpionfishes of the genera Pont in us, :Phenacoscorpius 
and Idiastion from the western Atlantic Ocean. Bull. Mar. Sci. 
15 (3): 521-534. 

Station data errors for fishes collected by the steamer BLAKE. 
Copeia, 1965 (2): 236-238 

A method.for preserving color in biological specimens. BioScience, 
15 (5): 361. (With R. A. Waller) 

1966. The scorpinofish subfamily Setarchinae, including the genus 
Ectreposebastes. Bull. Mar. Sci. 16 (2): 349-375. (With B.B. 
Collett). 

1967. A systematic review of the scorpionfishes of the Atlantic Ocean. 
Dissertation; University of 1'1iami, Florida.. 241 pp. 

1968. The identity of the 'British' scorpionfisn Helicolenus microphthalmus. 
J. Linn. Soc. (Zool.), 47 (312): 309-314. (With A. vlheeler) 

Four advanced larval specimens of the blue marlin, Makai_ra nigricans, 
from the western Atlantic Ocean. Copeia, 1968 (2): 414-417. (With 
H. R. Bullis) 

1969. Scorpaenodes muciparus Alcock and a new species of Sc9rpaenodes from 
the Indian Ocean, with comments on the limits of the genus. Occ. 
Pap. Calif. Acad. Sci., no. 76, 11 pp. 

A systematic review of the scorpionfishes of the Atlantic Ocean 
(Pisces: Scorpaenidae). Occ. Pap. Calif. Acad. Sci., no. 79, 
130 pp. . . 

1970. Status and provenance of the scorpaenid fish, 
Gunter. Copeia, 1970 (1): 193-196. 

1971. One Tree Island. Pacific Discovery, 24 (4): 12-33. 

Two new Atlantic scorpionfishes. Proc. Calif. Acad. Sci;, 37 (17): 
501-508. 

Three ne:m species os scorpionfishes (family Scorpaenidae) from 
Easter Island. Proc. Calif. Acad. Sci. 37 (19): 515-527. (With 
G. R. Allen) 

1972. A new species of the scorpionfish genus Helicolenus from the 
North Pacific Ocean. Proc. Calif. Acad. Sci., 29 (4): 47-53. 
(\•lith T. Abe) 

837 



1973. 

1974. 

1975. 

1976. 

1977. 

Sebastes mouchezi, a senior synonym of Helicolenus _tristanensis, witl:'.t 
co~ents on Sebaste~ capensis and zoogeographical considerations. 
Copeia, 1971 (3): 576-579, 1 fig. (With J. C. Hureau). 

Two new scorpionfishes (genus Scorpaenodes) from the Indo-1-lest Pacific, 
with comments on Scorpaenodes muciparus. Proc. Calif. Acad. Sci., 
29 (5): 55-64, 1 fig. (With K. V. Rama Rao) 

The hidden world of coral reefs. Saturday Review of the Sciences, 
Apr., 1973, pp. 51-54. 

Two new species of the .scorpionfish genus Rhinopias~ with comn~nts on 
related genera and species. Proc. Calif. Acad. Sci., 39 (15): 
285-310, 10 figs. (with Y. Hirosaki and T. Abe.) 

T\vo new stone fishes (Pisces, Scorpaenidae) from the Indo-1\Test Pacific, 
with a synopsis of the subfamily Synanceiinae. Proc. Calif. Acad. Sci., 
39 (J 8): 337-382, ·13 figs. (With K. V. Rama Rao) 

Range extensions for the scorpionfish Scorpaena _isthi:\ensis. Florida 
Sci. 36 (2-4): 209-211. (With J. D. McEachran) 

Fish on stamps. Pacific .Discovery, 27 (5): ·1-8. 

Location of holotypes 
and types of Hawaiian 
1974, no. 2: 566-569. 

of Japanese fishes (Jordan and Starks, 1906) 
fishes (Jordan and Evermann, 1903). Copeia, 

(With V. G. Springer) 

The scorpaenid fishes of th~ Hawaiian Islands, including ne\·1 species 
and new records (Pisces: Scorpaenidae). Proc. Calif. Acad·. Sci., !1-0 
(11): 265-334, 25 figs. (\.Jith J. E. Randall) 

The Indo-West Pacific scorpionfish genus Ocosia Jordan and"Starks 
(Scorpacnidae, Tetraroginae), \vith description of three new species. 
Matsya> 1: 1-16, 7 figs. (\:fith S. G. Poss) 

Review of the scoJ:"pionfish genus l1axillicosta (Pisces: Scorpacnidae), 
with a description of three new species from the Australian-New 
Zealand region. Bull. Har. Sci. 26 (4): 433-449. (With S. Poss) 

Systematics and biology of the deep-sea fish family Gibberichthyidae, 
A senior synonym of the family Kasidoroidae. Proc. Calif. Acad. 
Sci. 41 (6): 215-231. (With D. de Sylva) 

-Q-U,S. Government Printing Office: 1978-777-067/1252 Region 8 838 






