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I. SUMMARY

The objective of this study is to develop 
an understanding of

the nature and distribution of permafrost 
beneath the ocean and barrier

island along the Alaskan Sea Coast. 
Marine seismic refraction equipment

the primary tool used in this study 
has shown submarine permafrost to be

present at relatively shallow depths 
to distances of at least 20 km

from shore. To put these observations into perspective, 
three principal

points discussed at the Barrow Synthesis Meeting 
in January, 1978, are

listed as bounds on the distribution 
of offshore permafrost.

On the basis of bathymetry and sea level 
history:

(1) Shallow, inshore areas where ice rests 
directly on the sea

bottom are underlain at depths of a 
few meters by ice-bonded equilibrium

permafrost. Ice-rich permafrost must be anticipated 
where ever the water

is less than 2 m deep.

(2) Ice-bonded permafrost was once present 
beneath all parts of the

continental shelf exposed during the last 
low sea level interval, and con-

sequently relict ice-bonded permafrost 
may persist beneath any part of the

shelf inshore from the 90 m isobath. 
(Depths to relict permafrost have

been observed by members of this research 
unit to range from 10 m or

less to depths greater than 100 m. Similar depth data gathered along the

Canadian coast range from 10 m to 250 m.)

(3) Ice-bonded permafrost is probably absent 
from parts of the

Beaufort Sea shelf seaward from the 90 
m isobath, although subsea temper-

atures are probably below 0 C.
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In addition to these general guidelines, some specific conclusions

resulting from the current studies can be listed along with their possible

implication of offshore oil and gas development:

a. From (2) above, we conclude that in some offshore areas where

permafrost is relatively far from the ocean bottom it is possible to bury

hot oil pipelines beneath the ocean.

It may not be possible to bury hot oil pipelines in near shore areas

where permafrost can be ice-rich and located within a few meters of the ocean

bottom.

b. Seismic studies outside of the barrier islands have shown that

the depths of ice-bonded permafrost are not simply related to their dis-

tance from shore. In the Prudhoe Bay area shallow ice-bonded materials

have been mapped offshore of the islands while nearer to shore these

materials are considerably deeper.

c. The barrier islands are not uniformly underlain by ice-bonded

permafrost. Areas with no ice bonding have been observed. In these cases,

it should be possible for hot oil gathering lines to cross the island areas

with no adverse effects from ice-bonded materials.

d. Also from (2) above, we conclude that cold gas lines can be

buried in the offshore regions where a non-frozen layer exists but that

the problem of freeze-back must be dealt with. The presence of salt brine

complicates this problem beyond the onshore freezing problem.

e. Former thaw lakes and old river valley which contribute to the

variability of the upper permafrost surface can be found in subsea perma-

frost of land origin. It may be possible to utilize these areas for off-

shore structures and avoid ice-bonded materials if desired.
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II. INTRODUCTION

A. General Nature and Scope

This project is particularly concerned with the comparatively 
un-

known areas offshore and along the barrier islands 
where subsea permafrost

has been shown to exist. A high priority was established for mapping the

distribution of offshore permafrost.

The study, which utilizes seismic refraction techniques 
to probe

the ocean bottom along the Alaskan Beaufort Sea coast, 
was initiated in

April of 1975. Because of the nature of the geophysical tool the pri-

mary data gathered are depths to the upper surface 
of the subsea perma-

frost. The study will provide information relevant to task 
D-8 in NOAA's

proposal to BLM.

B. Specific Objectives and Relevance to Problems of Petroleum 
Development

Using the equipment purchased by the program, data are 
being gathered

which enable determination of the distribution and nature 
of offshore perma-

frost. The most important parameter to be determined in this study 
is

the distribution of offshore permafrost. Also, the depth to the top of

the bonded permafrost beneath the ocean floor is to be determined.

Another objective is compilation of the above parameters for use by other

principal investigators and appropriate agencies and industries.

The Prudhoe Bay area and adjacent offshore islands is the primary

focus of this study. The truncation of permafrost beneath the ocean is
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of interest, particularly the shape of the frozen-nonfrozen boundary.

Thus, the second major objective is the determination of the shape of

the boundary. One important facet of this objective is determining the

nature and extent of permafrost beneath the barrier islands. These

results will provide valuable information for refinement and testing

of thermal models as well as for determining operational methods for off-

shore oil and gas development.

The third major objective is to provide information to support

reconnaissance drilling programs including those of the University of

Alaska, CRREL, and the USGS. Drilling provides information on bottom

conditions only near the drill hole. It is possible, using the seis-

mic technique, to extend such site specific information to areas remote

from the drill site, by correlating seismic data at the drill site and

at the remote locations. Also, seismic information can be used to

suggest areas for future drilling investigations.

Specific and detailed relevance to problems of offshore petroleum

development have been addressed in the synthesis document developed

by the Earth Science Study Group at Barrow in January, 1977. The

reader is referred to the section on permafrost-induced problems from

that report.
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III. CURRENT STATE OF KNOWLEDGE

The sea floor along the Arctic Coast 
is known to be underlain by

permafrost. At this time, although relatively 
little is known about

offshore permafrost properties including 
its distribution and the dynamics

of its formation and destruction, 
definite progress toward more understanding

is being made. Several of the problem areas needing 
investigation have

recently been discussed in "Priorities 
for Basic Research on Permafrost"

and also in a position paper for 
the National Science Foundation titled:

"Problems and Priorities in Offshore 
Permafrost."

Extensive permafrost has been reported 
beneath the Canadian Beaufort

Sea (Hunter, et at, 1978) and beneath 
the water of Prudhoe Bay, Alaska

(Osterkamp and Harrison, 1976, 1977). 
Some of the physical processes

involved in the degradation of relict 
permafrost are beginning to be under-

stood and in addition to temperature, 
the porosity of the sediments and

the salinity of the interstitial liquids 
have been shown to be important.

Current data are available in the annual 
reports of research units 253,

255, 256, by Harrison and Osterkamp. 
Some details of the processes

involved are also found in Harrison 
and Osterkamp (1976). The results

reported here are in agreement with 
the drilling results obtained by the

Joint USACRREL/USGS drilling program 
(R.U. 105) as reported by Sellman

et al. (1976)(see also Chamberlain et al, 
1978). In last years annual

report a close correlation between their 
drilling and our geophysical

results was shown. Also, the geophysical results are in general 
agree-

ment with those of Osterkamp and Harrison. 
The depth of the permafrost
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upper surface is currently known along several transects made both inside

and outside of the barrier islands. Widespread aerial distribution and

depth information remain to be determined although it is possible to make

some general statements regarding offshore permafrost, (see the summary

section of this report), and to sketch regions of known shallow perma-

frost (see area map later in this report).

IV. STUDY AREA

The area investigated during this study is shown in Figure 1.

Several vessel track lines shown in the figure and identified by letters

were run during the 1978 summer field season. Past reports by this re-

search unit have shown other lines in the area covered by Figure 1. The

reader is referred to those reports to complete a listing of all lines

run to date.

V. SOURCES AND METHODS

Shallow seismic refraction techniques have been documented by

Grant and West (1964) and their application to the detection of subsea

permafrost has also been described (Hunter, 1974; Hunter and Hobson, 1974).

The seismic refraction data taken in and near Prudhoe Bay were collected

using two 40 cubic inch air guns as a acoustic source and the refracted

signal was detected along a hydrophone line towed behind a 21' vessel.
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Figure la



Figure lb



The air guns were fired simultaneously and 
the 24 channels of hydrophone

output were recorded in analog form by a 
chart recorder. These data

were gathered at several points along the 
ship transects, scaled and re-

duced to time-distance plots. Over 300 of these plots were made last sea-

son along 120 km of vessel track.

The time-distance plots are used to determine 
seismic velocities

in the sub-bottom material and depths to various 
layers. The velocities

are then used to determine whether the bottom 
materials are frozen. Perma-

frost velocities in the materials near Prudhoe 
Bay are typically between

2500 m/s and 3000 m/s while similar materials 
in the nonfrozen state

typically have velocities ranging from 1600 
m/s to 2000 m/s (Rogers

et at., 1975). Significant velocity contrasts such as these, 
which are

typical of coarse sandy materials, allow easy 
classification of materials

into the frozen or unfrozen state.

VI. RESULTS and VII. DISCUSSION

We have compiled the results of all of our marine 
refraction lines

in Figure I. The shaded areas on the chart have been sketched 
to indicate

areas of observed shallow surmarine permafrost. 
In all cases the ob-

served permafrost is 40 meters or less beneath 
the water surface and

in most cases it is 30 m or less beneath the 
water surface. Areas

where refraction lines have consistently shown 
high velocity refraction

(velocities greater than 2500 m/s) have been connected 
together to in-

dicate probable regions of continuous bonded permafrost 
at depths less
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than 40 meters. The area north of Reindeer Island is an example of such

a region. Where refraction lines have only sporadically shown bonded

materials, local shading has been used to indicate the sporadic nature

of the observation. The shaded patches south of Cross Island are an

example of this interpretation.

No correlation has yet been made with geological information. A

recent shallow offshore drilling program sponsored by the conservation

division of the U.S. Geological Survey will provide a great deal of new

information on shallow bottom materials. When these data become avail-

able they will be compared with the geophysical results gathered to date.

Regions where bonded materials occur at depths greater than 40

meters have not been included because we have little information at

these depths. (The present refraction system is depth limited due to

energy limitations.) However, deeper permafrost is known to occur in

the area between the West Dock and Reindeer Island (see the April 1,

1978 Annual Report).

Several vertical sections have been prepared which show the water

depth and depth to ice bonded materials observed by the refraction

measurements. Figures 2 through 9 represent vertical sections through

the vessel track lines identified in Figure 1. Other vertical sections

have been given in past reports and are not reproduced here. The figures

indicate the permafrost surface relief is often on the order of 15 meters

over a 10 km line. In some locations the surface relief is probably

much greater than 15 meters. Figure 5 shows locations where high velocity

refractors were not observed along line 0-0" at distances of 11 to 13

kilometers from the start of the line. It is quite possible that a re-
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fractor was located below the observation depth 
of the refraction

system (approximately 40 m). If this were the case the surface relief

could be in excess of 30 meters over 
the distance of one kilometer.

Range of Observed Velocities:

Differentiation of ice-bonded materials 
from non-bonded materials

as shown in Figures 2 through 9 depends 
upon a significant velocity differ-

ence between these states. Figure 10, taken from a report by Rogers 
et al.,

1975, shows a clear separation of velocities 
observed near Point Barrow,

Alaska. The low velocity group, velocities 
below 2000 m/s corresponds

to non-frozen sandy gravels while the 
high velocity groups, velocities

above 2500 m/s, corresponds.to those 
same materials when ice bonded. All

of the refraction lines used to produce 
the figures were reversed so

effects of sloping layers have been removed 
from the velocity data.

Figure 11 is a histogram of velocities 
observed near Prudhoe Bay.

The observed velocities are not clearly 
separated as was the case for

the previous figure. However, there is an apparent bimodal 
distribution

with one significant grouping below 2200 
m/s and another grouping above

2600 m/s. Two factors probably account for the 
lack of a clear separation

of the high velocity group from the low 
velocity group. None of the re-

fraction velocities were determined from 
reversed lines; consequently

effects of sloping refractors have not 
been removed from the data. Also,

the later velocity data were taken from 
a wider geographical area than

that of Figure 10 and the materials are 
known to vary from sandy gravels

to silts and clays. Virtually all material encountered in 
these seismic
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Figure 2: Vertical section through line N - N'



Figure 3: Vertical section through line N' - N"



Figure 4: Vertical section through line 0- 0'



Figure 5: Vertical section through line O' -- 0"



Figure 6: Vertical section through line P - P'



Figure 7: Vertical section through line P' - P"



Figure 8: Vertical section through line 0 - 0"



Figure 9: Vertical section through line R - R'



Figure 10: Refraction velocities measured near Pt. Barrow, Alaska. In all
cases, group I corresponds to velocities in non-frozen sandy gravels, while
those in group II correspond to similar materials in the frozen state.
Velocities measured in the Prudhoe Bay area compare well with these data and
generally velocities of 2000 ms [superscript]-1 and 3000 ms[superscript]-1 correspond to the non-frozen
and frozen states.
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Figure 11: Histogram of seismic velocities observed in Prudhoe Bay area.



surveys are expected to show a significant velocity difference -between

the frozen and non-frozen state. However, non-frozen coarse materials

generally have higher velocities than fine grained non-frozen materials.

This fact will tend to broaden the two velocity groups and to obscure

their separation. One can estimate the effects of a dipping refractor

for the velocities encountered in the Prudhoe Bay area using known re-

lations (see Grant and West, Pg. 150). Figure 12 shows the relationship

between observed velocity and refractor dip calculated for dip angles ranging

from +100 to -100. Tha assumed refractor velocity is 2800 m/s and it is

seen that the observed velocity of this refractor varies from 2420 m/s

to 3440 m/s. The significance of this variation on the observed velocities

is shown in figure 11 by the horizontal line. A +100 dip variation is

seen to vary the observed velocity from -14% to +23% of the actual velocity.

It is thus possible that refractor dip is responsibile for a significant

part of the variation in observed refractor velocities. It should be

noted that for a series of random dip angles the average of the apparent

velocity data will be shifted above the actual average velocity. Using the

velocities calculated for +10% it is seen that the average velocity is

2920 m/s or 120 m/s higher than the actual velocity.

The relatively large number of velocities observed below 1800 m/s are

believed to result from the fact that in shallow water the effects of the

water layer is not taken into account. The result of this approximation

is that a sizeable number of velocities are observed that are slightly

above the velocity of sea water (approximately 1500 m/s). This "average"

velocity observed represents the combined effects of the shallow water

and the materials near the sea bottom.
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Figure 12: Observed velocity for a sloping refractor. Upper

material velocity is assumed to be 2000 m/s and

lower material velocity is assumed to be 2800 m/s.
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VIII. CONCULSIONS

In an attempt to summarize conclusions to date, we list below a

series of conclusions from past reports with appropriate modifications

resulting from more recent data. It must be remembered that the rather

limited geographical coverage to date means that the conclusions are

perhaps regionally limited. However, the conclusions are certainly appro-

priate to the very important offshore area adjacent to existing Prudhoe

Bay oil fields.

A. In past reports we suggested that one possible way to deal with

shallow permafrost near shore is to extend a causeway from shore

to regions offshore where the ice-bonded permafrost is sufficiently

deep so that any thaw bulb from a hot oil pipeline would not affect

the permafrost. At least two occurences of relative shallow sub-

marine permafrost (7 m and 8 m beneath the ocean bottom in water

depths of 10 m and 6 m respectively) have been observed at distances

up to 18 km from shore. Thus the surface of the bonded materials

is seen to be highly irregular.

B. Seismic reconnaissance on three barrier islands indicates that they

are not all completely underlain by bonded permafrost, but that some

may be free of ice-bonded permafrost. Certainly this conclusion is

dependent upon the history of the islands;.whether it is a fragment

of a former shoreline or whether it is a constructional feature.

Also, the width of an island, its migration rate and soil types are

important. We have observed continuous bonded materials beneath Stump
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Island along its entire length. In contrast, no high velocity 
re-

fractors have been observed on Reindeer Island. Jet drilling on

the island indicates a highly variable material beneath 
this island

some frozen and some not frozen (conversation with Will Harrison).

We have observed high velocity refraction on portions 
of Cross Island.

Islands such as Flaxman Island which are land remnants can-be 
expected

to be underlain by thick permafrost. Thus, the islands seem to be

highly variable with regard to. their permafrost conditions.

C. Prudhoe Bay appears to be an old thaw lake (see the 1978, 1977

annual reports) and therefore presents a large dip or 
possibly a

window in the surrounding bonded permafrost surface. 
This is

site specific information, but it seems unlikely that there 
are not

other old thaw lakes offshore along the Beaufort Seacoast. 
Also,

Dave Hopkins has suggested the existance of paleo valleys 
which

may present large depressions in the permafrost surface 
or the

absence of permafrost in these areas (Hopkins, 1978). Knowledge

of such sites could provide permafrost free locations for 
bottom

founded structures or, if such locations are not desirable 
for a

particular application, old thaw lakes could be avoided.

D. Several island sites have been studied where seismic velocity

data and drilling data seem not to agree; drilling evidence 
in-

dicated frozen material, but refraction velocities were not 
high.

Our conclusion is that ice-bearing materials should be distinguished

from ice-bonded materials. Brine inclusions depress the freezing point

of a material and tend to spread the freezing point from a discrete

temperature to a range of temperatures corresponding to various 
stages
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of freezing. Thus a material may have ice inclusions but may not be

ice-bonded and hence present a relatively low velocity compared to the

totally bonded material. The distinctions between ice bearing and ice-

bonded is important from the standpoint of material properties. For

example, an ice-bonded material may have a high resistance to shear

stress, but the same material when not ice bonded may have little

shear resistance. An important parameter affecting offshore perma-

frost is temperature; in contrast to permafrost on land it is re-

latively warm and consequently more thermally fragile. This fact

coupled with the presence of salt water accounts for some of its local

variability.

IX. NEEDS FOR FURTHER STUDY

An extensive drilling program conducted during February and March

1979 by the U.S. Geological Survey, has resulted in a wide spread shallow

coring program. There is a good opportunity to correlate seismic velocities

with the soil types and with frozen materials. Refraction lines will be

run in the locations of many of these drill holes and information about

the state of the permafrost which has been determined locally by sampling

and temperature measurements will be extended by the seismic lines.

Another feature requiring further investigation is the possible

existance of paleo valleys. The permafrost distribution in these areas

is expected to vary significantly from adjacent areas.
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X. SUMMARY OF LAST QUARTER

FIELD WORK:

During the last week in March the site of one of the U.S.G.S

conservation division drill holes were visited and sonic velocity 
measure-

ments were made as a function of depth into the drill hole. 
The site

visited was Tract 129 of the proposed State-Federal Beaufort 
Sea Lease

Sale. James Rogers and John Morack conducted the field work.

DATA COLLECTED:

Several dozen records were taken of the sonic travel time from

the ocean bottom where an air gun was discharged to a hydrophone 
lo-

cated at varying depths in the drill hole.

ANALYSIS:

The travel time data are being reduced to velocity data. This re-

duction will result in sonic velocity as a function of depth and will

provide useful information for the marine refraction work. 
This is the

first data that have been obtained in this region where the 
sonic waves

travel in the vertical direction rather than in a horizontal 
direction.

Thus the data should provide better information on the vertical 
variation

of velocities and in some cases they should help resolve the question

of how thick a frozen layer must be to be observed by the refraction

method.
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I. Summary of Objectives, conclusions and implication with respect to OCS oil and

gas development.

Lower Cook Inlet: Our work in lower Cook Inlet in 1978 had seven major

objectives: study the migration of large bedforms, conduct detailed observations

on bedforms in a small area where the GEOPROBE was located, obtain ground truth for

side scan sonar records collected over different types of bedforms, collect additional

coverage of an east-west strip through the inlet to study boundary characteristics

of bedform fields, determine the surface characteristics of the "smooth" area north

of Cook Ramp, obtain data on sediment transport over the bottom and conduct a pilot

study of volcanic deposits off Augustine Island.

The study of the migration of large bedforms was a continuation of a similar

investigation done in 1977 under poor sea state conditions. The idea was to rerun

a number of selected lines obtained in 1973 and 1974 by industry. Careful rerunning,

utilizing preplots, provided us with overlapping high-resolution seismic profiles

and sonographs, Comparison of the industrial data with ours shows that no observable

change in identity, size and position could be noted over a 4 to 5 year period.

This does not deny that motion has occurred, but indicates that migration is less

than the accuracy of positioning.

A small area close to the 1977 OCEAN RANGER site was selected for deployment of

the GEOPROBES (see R.U. #430). Due to the availability of reconnaissance lines

run by Cacchione and Drake we continued our investigations in that area utilizing

high-resolution seismic profiling, side scan sonar, bottom television and camera,

and profiling current meter. The large bedforms with heights up to 8 - 12 m are

highly three-dimensional with large lateral variations of crestal heights.

The interpretation of side scan sonar can be very difficult and differences in

darkness on the record can easily be interpreted wrongly, as we discovered with

the bottom television/camera investigations. The smaller or lower bedforms, such

as small sand waves and sand ribbons, are especially much less in height than measure-

ments from sonographs suggest, Often the sand bodies are in the order of 10-20 cm

high with wide bands of lag deposits in the troughs or adjacent to the 
sand ribbons.

Measurements on sonographs are based on the assumption that angles of incidence are

measured rather than materials with different reflectivities, Originally it was

thought by us, and others who looked at our results, that such sand bodies were on

the order of 50 to 150 an high.

In 1977 we started to collect a dense coverage of high-resolution seismic profiles

and sonographs in an east-west oriented rectangle to study the variation in bedforms

and their boundary characteristics. Part of the results were poor owing to sea state

conditions, In 1978 we added several lines to this study segment. No detailed plots

and analyses have been conducted at this time.

The "smooth" area north of Cook Ramp, bounded in the south by the ramp face

and to the north by bedforms, puzzled us with respect to its nature. Bathymetric

profiles show that it represents a shallow depression. Bottom television and camera

indicate that it is covered by a variety of small ripples and an abundance of sessile

plants and animals, and by molluscs. Although we lack current information this

area may represent a zone of low current activity preventing construction of 
larger

bedforms. It is difficult to see it as an area of bypassing due to high 
currents

when comparing this area to other depressional areas. The steering effect of the

ramp on the incoming tide may indeed cause a low velocity zone at the top of the

ramp,
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We have undertaken a number of observations on the movement of sand grains
by combining vertical current profiles, bottom television/camera, and dispersal
studies. The results show that significant active movement takes place only during
spring tide during the last few hours of each ebb and flood cycle. It is assumed
from these point observations that this is representative for the area.

A brief pilot study of offshore volcanic deposits was conducted on the east
side of Augustine Island to observe the feasibility of using a large vessel and
our equipment. The shallow water with local peaks in the seafloor is too threatening
for a large-sized vessel, and definition of our high-resolution seismic records
is insufficient to observe possible lava flows due to the multitude of multiples
off the hard bottom. Television observations show heavy overgrowth by sessile
plants obscuring the bottom characteristics, and considerable turbidity in the
water column,

In conclusion, our observations in lower Cook Inlet thus far indicate that
sand transport over the bottom exists but is less severe than thought originally
However, the loose nature of the sand, combined with the strong bottom currents,
can provide anchoring difficulties for drill ships and semisubmersibles, and may
cause severe erosion of pipelines. We observed that small amounts of fine material
(clay and organic matter) appear to inhibit transport when threshold velocities
are reached. Stirring up the sand may cause removal of such fines and erosion
may become more severe,

Kodiak shelf: Our work on the Kodiak shelf in 1978 had three major objectives:
1) detailed study of a seafloor fault to possibly determine the recency of movement,
2) search for sediment slides on some steep portions of the shelf, and 3) reconnaissance
study of gas-charged sediment.

Study of the seafloor fault proved generally unsuccessful, A detailed seismic-
reflection and side-scanning sonar survey showed insufficient quality of fault-
related features to guide subsequent television observations and sampling.

A seismic-reflection survey in and around Sitkinak Trough, where seafloor
gradients reach 8½° and are some of the steepest on the Kodiak shelf, failed to
record any evidence of sediment slides. So far we have found no indication of
significant slope instability on the shelf, although major slides have been found
on the adjacent continental slope.

Sediment cores containing gas-expansion voids and showing high methane concen-
trations were recovered at four locations in Chiniak, Kiliuda, and Sitkinak Troughs
Acoustic anomalies appear in seismic reflection records at these and several other
localities. No hazardous features such as sediment slides or low strength have
so far been found associated with this sediment.

II, Introduction

A. General Nature and Slope of Study: Assessment of the environment geologic
hazards, sediment types and sediment distribution in lower Cook Inlet and on the
Kodiak shelf, western Gulf of Alaska,

B. Specific Objectives: The identification of active surface faults, areas of
sediment instability, the relation of sediment types to bottom morphology and
circulation patterns, and types and movement of bedforms.

34



C. Relevance to problems of Petroleum Development: Active faulting and sediment

instability are potential dangers to offshore structures. 
The relation between

morphology and sediment characteristics will identify the presence of areas where

erosion is more active than deposition and areas that are sediment traps and conse-

quently may act as sinks for pollutants as well as nutrients. Transport of sand

over bedforms likely will increase once the sediments are stirred up by anchoring

and trenching activities thereby removing fine clay 
and organic matter that presently

decreases the natural erodibility.

III, Current State of Knowledge

Lower Cook Inlet: Field studies conducted during the summers of 1976, 
1977

and 1978 show that no significant recent faulting 
can be detected within the lease

area (sale Cl) in spite of the high seismic activity 
of the area. A few faults

with vertical offsets at the surface have been detected 
in Kamishak Bay and around

the Barren Islands.

The influence of volcanism is poorly understood as 
far as the open-water area

is concerned. Volcanism may have severe secondary effects on land, especially

mudflows in the Iliamna area. Nuees ardentes are characteristic for Augustine

but their distance of travel over water is unknown. 
Juergen Kienly (RU #251) addresses

the volcanic problems.

The nature of the surficial sediments (semiconsolidated pebbly mudstones of

possible late Pleistocene age, locally overlain by a thin blanket of sand) does

not show slumping on any of the local slopes. Liquefaction of sand may occur under

dynamic loading conditions but no evidence has been observed. Sand, ranging in

thickness from a few centimeters to 15 meters (crests of very high bedforms), does

not occur on many slopes except for Cook Ramp, 
If liquefaction takes place there

may be insufficient thickness available to be a 
significant threat of consolidation

or flow,

Gas-charged sediments have not been observed in records collected on board

the R/V SEA SOUNDER. However, the USGS Conservation Division in Anchorage claims

evidence for the presence of such gas-charged sediments south and southeast off

Augustine. Conservation Division also found water column bubble indications on

3.5 kHz records. We have not seen those proprietary records and can only state

that a few abnormalities exist in that area on our records, possibly indicating gas-

charged sediments. However, the record characteristics differ frcm 
SEA SOUNDER

records in other areas where gas-charged sediments do occur.

Sediment distribution and composition has been reported in previous reports,

We are still adding data points but no change in the overall patterns are evident,

Considering the objectives given under point I, 
the only adverse effect on

OCS oil and gas development are the bedforms present in the sand blanket that over-

lies the pebbly muds. The thickness ranges from a few centimeters in the 
north

and at the eastern and western boundaries up to 15 
meters as crestal heights of

the largest bedforms. Repetitive surveys of a number of selected lines show that,

within the accuracy of Mini-Ranger navigation, no conclusive indication can be

obtained as to the migration of 6 to 15 m high sand 
waves over the period 1973

to 1978 (Appendix I), Additional complications became apparent from our detailed

survey that shows that these large bedforms are highly three-dimensional referring
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to the rapid variations in elevation of crests (Appendix II), Consequently, whenan orginal survey line is repeated and they are not coincident within 20 to 30m over the previously run line, one may obtain measurable differences that canbe interpreted incorrectly. The study, described in Appendix I, in collaborationwith John W. Whitney and Dennis Thurston of the USGS Conservation Division in Anchorageand with William G. Noonan of Marathon Oil in Anchorage, clearly demonstrates thatthe large bedforms do not move measurably over a period of 4 years. However, sandmovement has been observed on bottom television and via time-lapse photographyfrom the GEOPROBE. The latter also showed that asymmetry of ripples reverses fromebb to flood tides and vice versa, and that a minor storm in October 1978 had asignificant influence on the bottom. In addition, we showed last year that drillcuttings from the C,O.S.T. well were incorporated in the sediment at least to thedepth of the core (13.5 cm) with concentrations at 4.5 to 6 cm and 10,5 to 11,5cm, two depths that correspond to ripple and small sand wave heights. Thisincorporation took place during the summer after a drilling period of 100 days,

We also discovered (Appendix II) that velocities higher than the thresholdvelocity for the particular sand size has to be obtained to really move sand.Preliminary analyses indicate that a small amount of fine clay and/or organic matterprotects the sand from moving at threshold velocities.

The interpretation of sonographs is still in a state of infancy. When bottomfeatures are sufficiently high to be identified on bathymetric profiles, a certainground truth for the sonographs is provided, and the combination of both typesof records can lead to a three-dimensional morphological interpretation. It hasto be kept in mind that a sonograph displays nuances in acoustic reflectivity thatcan result either from different types of materials or from differences in anglesof incidence. Material differences can only be determined by bottom television/photography and by sampling. Often, certain characteristic patterns show up onsonographs that provide an interpretive answer. However, when bottom featuresare of low relief and cannot be identified on bathymetric profiles, it is easyto obtain an incorrect interpretation (Appendix III). For example, it is impossibleto distinguish on a sonograph the difference between a flat bottom with no sedimentaryfeatures, gravel or shells, small ripples, or a rocky bottom with heavy overgrowthof algae. Bottom television and camera observations are the only present meansto characterize such bottoms. A difficulty is that the size of the smallest objectidentifiable on a sonograph varies, based on ship's speed and height of the sidescan sonar fish off bottom. When currents are strong a minimun ship's speed isrequired to maintain a desired heading. In reality the smallest object identifiableon a sonograph is often still larger than can be seen at any time on the televisionor on a bottom photograph, Consequently, long television/camera observations haveto be made to obtain sufficient data to identify the sonograph feature properly,This is well illustrated when dealing with small sand waves. The light and darkpatterns on a sonograph clearly show the overall shapes and directions. Normallyit is assumed that the dark bands represent slopes facing the side scan sonar fishand heights can then be calculated. Our television observations showed that theassumed flanks of 50-150 cm height in reality represent wide bands of highly reflectiveshells and shell fragments, and that the sandy part between those shell bands arenot more than 10-20 cm high (Appendex III). Television observations also show thepatchy nature of sediment types and biota, which in turn demonstrates the dangerof interpretation and of local classification based on one or a few samples. Acombination of high-resolution seismic profiles, sonographs, some television/cameracoverage and a few samples normally is sufficient for geological purposes but maylead to wrong conclusions when quantifying biological aspects or trying to obtainan accurate pipeline corridor survey.
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Kodiak Shelf: The current state of knowledge about geological and geophysical

environmental conditions on the Kodiak shelf have recently been summarized by Hampton

and others (1979; see Appendix IV). The geo-environmental concerns are associated

with the seismotectonic regime and the physical properties and dispersal of sediment.

Included are the distribution of earthquake epicenters, tectonic segmentation,

occurrence of shallow folds and faults, texture and composition of sediment, gas-

charging of sediment, bedforms, slope stability, and sediment dispersal patterns.

The 1978 cruise program included three main objectives on the shelf: 1) detailed

study of some major surficial faults to determine recency of movement, 2) recon-

naissance survey of Sitkinak Trough to determine the nature of its sedimentary

fill and to search for areas of slope instability, 
and 3) evaluation of the occurrence

of gas-charged sediment using geochemical and geophysical methods. Notes on the

tracklines, sampling stations, and data collected on the cruise are being compiled

for an upcoming Open-File Report.

The faults chosen for detailed study trend across the landward edges of northern

Albatross Bank, Kiliuda Trough, and middle Albatross Bank. Seismic-reflection

records across the faults show that they offset the seafloor, suggesting activity

that post-dates late Pleistocene time. In particular, they appear to trend across

sediment that infills Kiliuda Trough from the sides and was probably deposited

during the last marine transgression. The 1978 program was designed to examine

in detail the relationship between 
the faults and this lateral infill 

using high-

resolution seismic reflection, side-scanning sonar, 
and underwater television systems.

We especially wanted to determine if the lateral infill had been offset by the

faults, and to take sediment samples for dating. Thereby, the maximum time since

last movement could be determined. Unfortunately, the seismic-reflection and side-

scan surveys did not show any obvious features that could be used to guide subsequent

television observations and sampling efforts. Insufficient time was available

for further surveying work, and the project was terminated.

Three seismic-reflection lines were run across the head, middle, and mouth

of Sitkinak Trough. Three cores were collected; two near the mouth of the trough

(one on the eastern side at 56°08'N/153°29.6'W and one near the axis at 560 05.6'N/

153031.3'W) and one in the middle (near 
the axis at 56007.6'N/153

0 38.4'W). The

walls of the trough have some of the 
steepest gradients found on the Kodiak 

shelf,

ranging up to 8½° and typically being on the order of 3°-4°. The trough contains

a thick, stratified fill spanning up to 400 miliseconds of two-way travel time

in the seismic profiles (somewhat less than 400 meters). The geometry of the sediment

body suggests that infill has been mainly from the southwest. The sediment cores

are composed of greenish to bluish mud, 
with sand and siliceous microfossils.

This sediment fill is different from 
that in the other troughs on the Kodiak 

shelf

in that it is much thicker (400 ms vs. 
20 ms) and contains less volcanic ash.

Vane-shear strength measurements on 
a core from Sitkinak Trough are generally of

lower magnitude than for those on several cores from Kiliuda Trough (Appendix VI).

The main purpose of the Sitkinak Trough work was to search for occurrences

of sediment slides along the steep margins. No evidence of slides was detected

in any of the records,
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Gas-charged sediment was recovered in cores at four localities (Fig. 15 inAppendix IV). These cores contain gas-expansion voids where methane levels weremeasured in excess of a few 106 nl/l (Appendix V). They also typically containabundant layers and patches of black material that apparently are concentrationsof ogranic matter. At three of the four localities (excepting the one in SitkinakTrough) plus several others, distinct acoustic anomalies occur in siesnic-reflectionrecords and can be traced for significant distances (Fig. 15 in Appendix IV).These anomalies appear as variations in the strength of the return acoustic signalfrom particular reflectors or intervals; varying from acoustic transparency toopacity. Thus, the anomalous areas are characterized by abrupt lateral variationsin seismic-reflection signature. The gas-charged sediment shows no sign of slidingwhere it occurs on sloping sections of the seafloor (up to 1 3/40), and vane shearmeasurements show no obvious strength differences from cores that are not gas-charged(Table 1 in Appendix IV). The environmental significance of the gas-charged sedimentcannot yet be fully assessed, but no hazardous features have been found associatedwith it at this time.

New data on the physical properties of Kodiak shelf sediment include grainsize and textural parameters, bulk density, water content, grain specific gravity,void ratio, and porosity (Appendix VI). Much of these data are from a recent Mastersthesis by Burbach (1977). The grain-size data support earlier conclusions thatsediment from the main portions of the banks is coarse (gravel to sand) and particularlysparse in silt and clay. It typically contains abundant shells and has high bulkdensities (1.7 - 2.0 g/cmª). Sediment from broad, shallow depressions on the banksis finer grained than that on the main parts of the banks and contains abundantvolcanic ash. Moderate to high porosities (45-76%) and low grain specific gravities(2.40-2.66) are characteristic, reflecting the abundance of ash. Trough sedimentis also fine grained and ash-rich. Porosities are high (57-73%), and bulk densities(1.30-1.74 g/cm 3) and grain specific gravities (2.38-2.69) are low,

Burbach defines a fourth sedimentary environment, the "basal trough", whichincludes the areas of the troughs seaward of the sills that occur across theirmouths. The sediment characteristically has a poorly sorted, polymodal grain-sizedistribution, with sizes from boulders to clay. Porosities are low and occur ina narrow range (37-44%), and bulk densities are high (1.62-2.09 g/cm³). Burbachconcludes that the basal troughs contain a mixture of bank and trough sediment.

Physical property data are still being collected and analyzed, and is themajor lab effort at this time. Whole-sediment grain-size distributions are beingmeasured, as are water contents, bulk densities, and grain specific gravities.

IV, Study Area

1. Lower Cook Inlet between Shelikof Strait at latitude 58040'N and Cape Ninilchikat latitude 60000'N, mainly encompassing OCS lease-sale area CI.

2. Kodiak shelf between Amatuli Trough at latitude 590 00'N and to Chirikof Islandat latitude 56050'N, mainly encompassing OCS lease sale area 46.
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V. Sources, Methods, and Rationale of Data Collection

Data were collected during a 20-day cruise in August, 1978. Previous cruises

were during June and July, 1976 and September and October, 1977, all aboard the

R/V SEA SOUNDER. Some additional data came from copies of a 1976 Petty-Ray Geophysical,

Inc. survey made under contract to the U.S. Geological Survey, Conservation Division

in Anchorage. Additional high-resolution seismic records were collected by

R. von Huene aboard R/V SoP LEE during his 1976 survey off Kodiak,

Seismic and sampling methods have been discussed 
by Bouma and Hampton (1976)

and Hampton and Bouma (1976). The rationale for collecting data with the instruments

and equipment described in the above-mentioned 
U.S. Geological Survey Open-File

Reports is that such procedures are the only ones generally recognized to achieve

the proposed objectives,

VI, VII, VIII Results, Discussion, and Conclusions

It has to be kept in mind that the 1976 cruise 
aboard the R/V SEA SOUNDER

was a reconnaissance due to lack of public information related to environmental

geohazards. The field data were reported by Bouma and Hampton (1976a) and Hampton

and Bouma (1976). The plans for the 1977 field season to study details pertaining

to the geohazards could not be sufficiently realized owing to weather and sea state

conditions, and as a result the quality 
of many of the high-resolution seismic

records was such that adequate interpretation was often impossible. None of these

problems faced us during the 1978 field 
season, and the excellent data are still

being worked. Their quality makes it possible to restudy and reinterpret many

of the 1977 and 1976 observations. Our navigational base is on the Mercator projection

and replotting is required to provide graphical output in UIM projection.

The high-energy hydraulic environment in 
lower Cook Inlet has an inpact on

the bottom, Where sufficient unconsolidated sand-size 
material is available, the

bottom is characterized by different types 
and sizes of bedforms, such as sand

waves, sand ridges and dunes. Where such unconsolidated material is scarce or

absent one finds sand ribbons, sand tails, 
sand patches, small ripples, boulder

fields, or a bare bottom (Bouna and others, 
1976b, 1977a,b, 1978a,b; Hampton and

others, 1978; Appendices II and III). The nature of the smooth as well as the

underlying bottom is assumed to be of glacial 
origin and locally may contain fluvio-

glacial deposits. The subbottom is variable according to 
seismic records, Up until

now we have not been able to obtain proper 
data on this material. As discussed

earlier we observed sand transport during 
the last hours of each ebb and flood

tidal cycle and then only during spring tide. The GEOPROBE data show reversal

of ripples under ebb and flood tides, 
and they show a significant influence 

on

resuspension and transport during a storm. 
Sediment transport threshold velocities

have to be bypassed to obtain effective 
sand movement due to the inhibitive action

of minor amounts of clay and organic matter., It is concluded that sand transport

is taking place, presumably in significant 
quantities, during the winter, as based

on comparison of sonographs of small bedforms 
collected in successive years.

Migration of bedforms therefore takes 
place. However, to move and/or change the

morphology of large bedforms measurably, a very large amount of material has to

be transported. Either the environmental conditions in the period 1973 to 1978

were insufficiently strong to cause migration, or the volume of a large bedform

-requires a longer observation time than four years to produce conclusive evidence,
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We do not have any winter observations. Attempt to deploy a rotating sidescan sonar device off a drilling vessel operating in the sand wave failed due tolack of industrial cooperation. Sufficient summer observations have been carriedout to have an understanding about the sand transport during that period but anytotal quantification can only be realized when either long term measurements arecarried out or can be obtained with the deployment of a relative side scan sonarand a GEOPROBE over the winter months,

Long-term studies during the summer, such as the incorporation of drill cuttingsafter 100 days drilling at the C.O.S.T, well site, have already shown that evenduring the sumner transport takes place although lack of sufficient cores makeany quantitative statement impossible.

The Kodiak shelf experiences strong tectonism, which poses environmental problems.Possible tectonic segmentation of the shelf, into two relatively active and onerelatively inactive segments, has been identified by combining seismological andgeological data. The severity of tectonic hazards, such as seafloor deformationand strong shaking, might vary between the segments,

Another recent conclusion about the Kodiak shelf is that gas-charged shallowsediment is widespread. Gas-saturated samples (at atmospheric pressure) have beenrecovered from Chiniak, Kiliuda, and Sitkinak Troughs, and acoustic anomalies fromthese areas as well as nearby on adjacent banks have been observed. No potentiallyhazardous features, such as slope instability or low strength, have yet been foundassociated with this gas-charged sediment although such problems have been documentedin other geographic areas.

Other geo-envirornental concerns on the Kodiak shelf, reported previously,include:

1. Shallow faulting with probable present-day activity and future seafloor offset,

2. Storage sites for fine-grained sediment (and possibly pollutants) in Kiliuda,Chiniak, and Amatuli Trough.

3. Localized transport routes of sediment (and possibly pollutants) across theshelf break, especially on northern Albatross Bank and in Stevenson Trough.

4. High-energy sediment transport, with possible scour and fill problems, inStevenson Trough.

5. Localized deposits of volcanic ash in Kiliuda, Chiniak, and Amatuli Troughs,with possible abnormal compaction during loading,

6. Coarse-grained unconsolidated and muddy semiconsolidated sediment on Albatrossand Portlock Banks that appear to be stable foundation material but may pose someproblems to drilling because of the presence of boulders,

7. Lack of sediment slides on the shelf except for some apparently localizedoccurrences reported by Self and Mahmood (1977, Marine Geotechnology, v. 2, p. 333-347).
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IX. Needs for Further Study

Lower Cook Inlet: It is anticipated that the fieldwork planned for the summer

of 1979 will provide sufficient information on geo-environmental hazards in lower

Cook Inlet for OCSEAP purposes. Only two major issues are lacking to provide

adquate quantitative information:

1. We need information about sand transport and bedform migration during the

winter season when storms are more abundant and more severe than during the 
summer.

Sea state conditions prevent adequate vessel operations and costs would be prohibitive

if data collection over a long period is attempted. 
The only successful approach

is the utilization of the rotating side scan sonar 
tower and one GEOPROBE deployed

off a drilling platform that operates in the sand 
wave field.

2. To repeat the survey we conducted over the 1973 industrial 
lines to measure

possible migration of large bedforms. Such study should be taken either 5-8 years

from now or after a period of abnormal severe storms.

Kodiak shelf: The main outstanding work on the Kodiak shelf is 
to extend

our mapping of gas-charged sediment and to determine the environmental significance.

An adequate job would require use of a pressurized 
coring device and analysis under

hypobaric condition's. These techniques are presently available but are 
judged

to be unfeasible.

A good general knowledge of geo-environmental problems 
is at hand

for most of the shelf. Completion of the areal coverage is planned in 1979. 
Signifi-

cant advancement beyond this stage requires long-term 
site specific or process-

oriented studies, especially for detailed quantitative 
or predictive information.

X. Summary of January-March Quarter

No cruises or field projects were conducted during 
this quarter. This period

was utilized to continue our examinations of seismic 
and side scan sonar records,

and studying the bottom television and camera data. 
In addition we started to

convert our tracklines and data points from the 
Mercator projection to UTM projection.

We also made a classification system of bedforms and developed a system to present

sonograph data on maps.

Measurement of mass physical properties of Kodiak shelf sediment is ongoing

during this period. Also, analysis of seismic records and sediment samples pertaining

to gas-charged sediment and to the sedimentary environment of Sitkinak Trough,

has been accomplished.
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Appendix V. Methane levels in sediment cores. Measurement by gas chromatography,

on board ship, immediately after core recovery. Analyses by George Redden and

Keith Kvenvolden.
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A. Table of Values for Statistical Sedimentary Parameters and Geotechnical Properties(frcm Burbach, 1977)





B. Vane shear measuranents, S8-78-WG Kodiak Shelf

50



51



C. Grain size distributions of the epiclastic component of sediment samples from the
Kodiak shelf.
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Faulting, Sediment Instability, Erosion, and Deposition Hazards of the

Norton Basin Sea Floor - Annual Report 1979

Hans Nelson, Devin R. Thor, and Matthew C. Larsen

I. SUMMARY

Studies of potential geologic hazards on Norton Basin sea floor in

northern Bering Sea were conducted by the U.S. Geological Survey (USGS) to

evaluate oil and gas lease tracts preparatory for Outer Continental Shelf

(OCS) leasing. The data base for this evaluation included 9000 km of high-

resolution geophysical tracklines, (Nelson, Hans, Holmes, M.L., Thor, D.R.,

and Johnson, J.L., 1978; Thor, D.R., and Nelson, Hans, 1978; Larsen, M.C.,

Nelson, Hans, and Thor, D.R., 1979) 1000 grab samples, 400 box cores, and

60 vibracores; in addition, hundreds of camera, hydrographic, and current meter

stations have been occupied during the past decade by USGS, National Oceanic

and Atmospheric Administration (NOAA), and University of Washington oceano-

graphic vessels. Figure Alshows the northern Bering Sea, and summarizes the

types and distribution of potential geologic hazards. Figure A2shows a summary

of cruise tracklines run for environmental research by the USGS in northern

Bering Sea.

The northern Bering Sea is a broad, shallow epicontinental shelf region

covering 200,000 km² of subarctic sea floor between northern Alaska and the

U.S.S.R. The shelf can be divided into four general morphologic areas:

(1) the western part, an area of undulating, hummocky relief with glacial gravel

and transgressive-marine sand substrate (Nelson, Hans, and Hopkins, D.M.,

1972);(2) the southeastern part, a relatively flat, featureless plain with

with fine-grained, transgressive-marine sand substrate (McManus, D.A., Kolla,

V., Hopkins, D.M., and Nelson, Hans, 1977); (3) the northeastern part, a complex
system of sand ridges and shoals with fine- to medium-grained sand substrate
( Nelson, Hans, Field, M.E., Cacchione, D.A., and Drake, D.E., 1978); and
(4) the eastern part, a broad, flat marine reentrant (Norton Sound) with Holocene
silt and intercalated very-fine-grained storm-sand substrate underlain by
gas-rich, peaty Pleistocene mud (Nelson, Hans, and Creager, J.S., 1977).

A detailed discussion of bathymetry and geomorphology of northern Bering Sea
is given by Hopkins and others (Hopkins, D.M., Nelson, Hans, Perry, R.B., and
Alpha, T.R., 1976). Bathymetry of the study area is shown in figure A-3.

The northern Bering sea is affected by a number of dynamic factors: winter
sea ice, high winds, storm waves and strong currents (geostrophic, tidal, and
storm). The sea is covered by pack ice for about half the year, from November
through May. A narrow zone of shorefast ice (sea ice attached to the shore)
develops around the margin of the sea during winter months; around the front of
the Yukon River Delta shorefast ice extends 50 km offshore (Thor, D.R., Nelson,
Hans, and Williams, R.O., 1978). During the open-water season, the sea is
subject to occasional strong northerly winds, and in the fall strong south-
southwesterly winds cause high waves and storm surges along the entire west
Alaskan coast (Fathauer,T.F., 1974). Throughout the year a continual northward
flow of water is present with currents intensifying on the east side of strait
areas (Coachman, L.K., Aagaard, K., and Tripp, R.B., 1976). Although diurnal
tides are very minor (less than 0.5 m), intense tidal currents are found in
shoreline areas and within central Norton Sound (Fleming, R.H., and Heggarty, D.,
1966; Cacchione, D.A., and Drake, D.E., 1978).

55



Potential geologic hazards discussed in our report include faulting,
thermogenic gas seepage, biogenic gas-charged sediment and cratering, sediment
liquefaction, ice gouging, current scouring, storm sand migration, and mobile
bedform dynamics. These geologic hazards may pose problems for the future
development of offshore resources in Norton Basin.

GEOLOGIC HAZARDS OF NORTON BASIN

Tectonism- Surface and nearsurface faults are prominent along the entire
north margin of Norton Basin, but Holocene fault activity is difficult to de-
termine because strong current scour may be preserving or exhuming old scarps
(Johnson, J.L., and Holmes, M.L., 1978). Seismicity (N.N. Biswas, oral commun.)
and active migration of gas along some faults suggest that recent movement has
occurred on fault segments in the gas seepage area of northern Norton Sound.
Surface and nearsurface faults are rare in west-central Norton Basin but become
more common along the southwest margin, particularly in strait areas northeast
and north of St. Lawrence Island. Determination of the magnitude and the
periodicity of recent fault activity depends mainly on completion of studies of
seismicity; Norton Basin, hosever, is seismically more active than previously
thought (Biswas, N.N., Gedney, L., and Huang, P., 1977). Fault traces and sea-
floor scarp relief in Norton Basin are shown in figure A-4.

Sediment Instability- Gas-charged sediment and sediment susceptible to lique-
faction create potentially unstable surficial-sediment conditions in Norton
Sound. There are two types of gas-charged sediment: (1) thermogenic, occurring
in a local area 40 km south of Nome, Alaska and (2) biogenic, occurring in a
wide area of north-central Norton Sound. The surficial, Holocene, coarse-
grained silt and very fine-grained sand sediment that cover Norton Sound are
susceptible to liquefaction due to cyclic-wave loading (CLukey, E.C., Cacchione,
D.A., and Nelson, Hans, 1979).

Geophysical, geotechnical, and geochemical evidence indicate that hydrocarbon
gases of deep subsurface thermogenic origin migrate into the nearsurface sediment
along fault zones 30-40 km south of Nome (Nelson, Hans, Kvenvolden, K.A., and
Clukey, E.C., 1978). Subbottom reflector terminations and the absence of coherent
reflections (or "acoustic turbidity") on 120-kJ profiles indicate a large zone
of anomalous acoustic response, about 9 km in diameter and 100 m below the
sediment surface, probably is caused by an accumulation of gas. Acoustic anoma-
lies in nearsurface sediment, seen on high-resoltuion seismic profiles, occur
in the area of large subsurface gas accumulation as upward extensions of
"chimneys" of this accumulation. Vibracorer samples (6 m long) of nearsurface
sediment that display acoustic anomalies showed signs of gas saturation; such
as expansion pockets and cracks, disrupted bedding, gas-streaming features,
and gas-cavity honeycomb structures (Kvenvolden, K.A., Nelson, Hans, Thor, D.R.,
Redden, G.D., and Rapp, J.B., 1979). The presence of gas in the vibracorer
samples indicate, that bubble-phase gas in the sediment is the cause of near-
surface acoustic anomalies and therefore also of the deep subsurface acoustic
anomaly. Penetration of the vibacorer into sediment at sites with acoustic
anomalies in nearsurface sediment was three times more rapid than at sites
without acoustic anomalies ((Nelson, Hans, Kvenvolden, K.S., and Clukey, E.C.,
1978). High-resolution seismic profiles also show linear and V-shape patterns
in the water column over the area of acoustic anomalies, features indicating
that bubbles are rising through the water. Gas-bubble trains emanating from the
sea floor are observed on underwater television and confirm the active seepage
of gas.
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Sediment from vibracores taken at the seep site contained gas cavities,

expansion voids, a dominance of carbon dioxide gas, unusually high concentrations

of hydrocarbon gases heavier than methane, and significant quantities of

gasoline range hydrocarbons (Nelson, Hans, Kvenvolden, K.A., and Clukey, E.C.,

1978; Kvenvolden, K.A., Nelson, Hans, Thor, D.R., Redden, G.D., and Rapp,

J.B., 1979). The composition of the gas in nearsurface sediment above a

thick underlying sediment section with acoustic anomalies suggests both a

potential petroleum source at depth and a possible hazard for any future

drilling activity in this area. Any articficial structures penetrating the

large gas accumulation at 100 m or intersecting associated faults that cut

the gas-charged sediment may provide direct avenues for uncontrolled gas migration

to the sea floor. Gas-charged substrate also displays a lower shear strength

than gas-free sediment (Clukey, E.C., Nelson, Hans, and Newby, J.E.,1978).

Figure A5shows the location of thermogenic gas-charged sediment and seep site.

Small (3-8 m diameter), shallow (<0.5 m deep), circular craters observed

on sonographs over a large area of north-central Norton Sound appear to be

caused by present-day gas venting (Nelson, Hans, Thor, D.R., and Sandstrom,

M.W., 1978). The craters are associated with nearsurface peat layers, gas-

rich sediment, and acoustic anomalies in high-resolution seismic reflection

profiles. Nearsurface peaty-mud layers from 1 to 2 m below the sea floor and

several meters thick have been vibracored throughout northern Bering Sea.

The peaty mud is a nonmarine pre-Holocene deposit with abnormal amounts of

organic carbon (3-7 percent) and biogenic methane generated from buried organic

debris (Nelson, Hans, Kvenvolden, K.A., and Clukey, E.C., 1978; Kvenvolden, K.A.,

Nelson, Hans, Thor, D.R., Redden, G.D., and Rapp, J.B., 1979). This gas-charged

nearsurface sediment causes sporadic acoustic anomalies by attenuation of sound

waves in the low-density peaty mud and gas-charged sediment. Both acoustic

anomalies and gas craters occur only where freshwater mud is now covered by a

relatively thin (1-2 m) laver of Holocene mud. Where Holocene mud is thicker

near the Yukon Delta or grades into sand in Chirikov Basin, craters are absent.

Areal extent of the gas-crater field and isopachs of Holocene mud are shown
in figure A-5.

During non-storm conditions, the nearsurface gas may be trapped by a 102-m-
thick layer of impermeable Holocene mud. Apparently the gas escapes and forms
craters during periodic storms that cause rapid changes in pore-water pressures
and sediment liquefaction because of sea-level setup, seiches, storm waves,
and unloading of covering mud. Gas venting and sediment craters or depressions,
apparently formed during peak storm periods, may be a potential hazard to
offshore facilities because of rapid sediment collapse. The upper several
meters of sediment also has reduced shear strength because of the gas and
organic content (Clukey, E.C., Nelson, Hans, and Newby, J.E., 1978).

The fine-grained sand and coarse-grained silt which form the substrate
of Norton Sound are highly susceptible to liquefaction by wave-induced or
seismically-induced cyclic loading (Clukey, E.C., Cacchione, D.A., and Nelson,
Hans, 1979). Normal yearly storm waves propagating through the full fetch of

Bering Sea intersect the shallow Yukon prodelta area and seem to be capable
of inducing sufficient loading to liquefy Norton Sound sediment to a depth of
1-2 m. Liquefaction of sediment to this depth may contribute to the formation

of gas craters and surficial slumps, and enhance erosion in prodelta sediment.
The interaction of these processes needs to be taken into account when offshore
facilities are designed, because unusual stresses may be encountered if the top
few meters of the substrate were to liquefy during a major storm, like the
unusual November, 1974 surge (Fathauer, T.F., 1975).
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Erosion and Deposition Hazards- Ice scour in bottom sediment is found everywhere
throughout northeastern Bering Sea beyond the shorefast ice zone where water
depths are less than 20 m, but has also been noted occasionally in water depths
of 30 m (Thor, D.R., Nelson, Hans, and Williams, R.O., 1978). Ice-gouge furrows
cut into bottom sediment a maximum of 1 m and occur most commonly and ubiqui-
tously as single gouges. Pressure-ridge "raking" (numerous parallel gouge
furrows) is most common around the shoals of the Yukon Delta because a well-
developed ice shear zone is there. Most of Norton Sound is affected to some
degree by ice gouging, as are the margins and sand-ridge shoal areas of Chirikov
Basin. Gouge distribution and density and shorefast ice limits are shown in
figure A-6.

Much gouging in Norton Sound is probably caused by pressure ridges formed
along shear zones as pack ice moves west past stationary shorefast ice (Dupré,
W.R., 1978). The combination of pronounced Yukon prodelta shoals with ice
convergence offshore from the delta area accounts for the high density of
gouging in this area. Because ice gouging is a pervasive scouring agent, design
of offshore facilities should take into account the intensity and depths of
potential gouge penetrations.

Large-scale bottom scour is associated with strong bottom currents and some
areas of densely-spaced ice gouges. Large (25-150 m diameter), irregular,
shallow (as deep as 1 m) depressions in Yukon-derived silty, sandy mud occur
along the southwest margin of the Yukon prodelta area and on the flanks of an
extensive shallow trough in north-central Norton Sound (Larsen, M.C., Nelson,
Hans, and Thor, D.R., 1978). These depressions are usually associated with
increased bottom steepness and areas of higher bottom-current speeds. Some
northern depressions are found near sea-floor scarps of unknown origin;
depressions west of the prodelta front expand progressively outward from ice
gouge furrows. Apparently, in regions where current speed is increased
because of constriction of water flow along the flanks of troughs, shoals, or
prodelta fronts, any further local topographic disruption of current flow by
slump scarps or ice-gouge furrows initiates scour of the Yukon River-derived
sediment to form large shallow depressions.

Scour depression distribution, shown in figureA-7,indicates areas where
artificial structures that disrupt current flow may cause extensive erosion of
Yukon-derived silt or very fine-grained sand and create potentially hazardous
undercutting of the structures. Even buried structures may be subject to scour
because strong currents may greatly broaden and deepen naturally occurring ice
gouges and thus expose the buried structures. Full assessment of this geologic
hazard requires long-term current monitoring in specific localities of scour to
predict current intensity and periodicity, especially during major storms,
when combined storm-tide and wave currents may be several times greater than
normal. Current monitoring over several months has shown speeds as high as
30 cm per second during fair weather and as high as 70 cm per second during
typical stormy seather (Cacchione, D.A., and Drake, D.E., 1978).

Strong currents caused by storm waves and sea-level setup transport large
amounts of sand onto the Yukon prodelta. Fine-grained sand, apparently ori-
ginating from sand bars off the Yukon River Delta, is deposited as well-sorted
clean sand as far as 75 km from the delta shoreline. Sand-beds range from 5 to
20 cm thick within 30 km of the shoreline and vary from 1 to 5 cm thick 30 to
75 km from the shoreline. The widespread distribution of these storm-sand
layers (fig. 7) shows that significant quantities of sand are transported
across the Yukon prodelta during storms; sand movement may be a potential hazard
to underwater facilities that would act as a barrier to inhibit sediment
movement.
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In sandy substrate, especially in constricted passages such as strait

areas, strong bottom currents create migrating fields of mobile bedforms. Sand

waves 1 to 2 m high with wavelengths of 10 to 20 or 150 to 200 m, and ripples

4 cm high with wavelengths of 20 cm, occupy the crests and some flanks of a

series of large (2-5 km wide and as much as 20 km long) linear sand ridges

lying west of the Port Clarence area (Field, M.E., Nelson, Hans, Cacchione,

D.A., and Drake, D.E., 1977; Nelson, Hans, Cacchione, D.A., and Field, M.E.,

1977; Cacchione, D.A., Drake, D.E., and Nelson, Hans, 1977). Ice gouges are

found in varying states of preservation on several ridges. Active sandwave

modification and recent bedform movement is indicated because ice gouges are

annually recurring features. Survey tracklines of the 1976 cruise were repli-

cated in 1977, and local changes in bedform type and trend further substantiate

recent bedform activity. Bedload transport and small-scale sand waves move

during calm weather; maximum change of large-scale sand waves, however, may

take place only when northerly current flow is enhanced by sea level setup

from major south-southwesterly storms. Strong northerly winds from the

arctic reduce the strength of continuous northerly currents and thereby reduce

bedload transport and the activity of mobile bedforms near Bering Strait. Dis-

tribution of bedform fields throughout Norton Basin is shown in figure A-3;

details of the Port Clarence sand-wave field dynamics, which are given by

Nelson and others (Nelson, Hans, Field, M.E., Cacchione, D.A., and Drake,

D.E., 1978), are pertinent to any future development of this single large

natural harbor area north of the Aleutians.
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II. INTRODUCTION

A. General Nature and Scope of Study

This research addresses geological hazards that may result from surface
and near-surface faulting, sediment instability, and erosion and deposition
processes in the Norton Basin region (Fig. A2). Geological baseline
parameters and process information also are generated that provide valuable
ancillary information for other interdisciplinary studies. For example, data
on sediment texture is presented that is crucial to understanding sediment
dynamics questions encountered in RU 430 or benthic organism distribution.
Opportunities to collect baseline information on trace metals, and light and
heavy hydrocarbon fractions in surface and subsurface hydrocarbons also have
been provided. These data are important inputs for RU 413 and for NOAA
studies of light hydrocarbon gas seeps.

B. Specific Objectives

To meet our objective of defiing recently active faults we are
reviewing all old sparker and airgun records to trace fault origins. These are
then compared with new reconnaissance data on surface and near-surface
faulting observed in high-resolution records. Our goal for sediment stability
problems is to characterize soils engineering index properties of the sediment
and compare this with other near-surface sediment parameters of gas content,
seismic acoustic anomalies, mass movement evidence, and storm sand and peat
stratigraphy to determine areas where sediment failure is possible. By
studying bedforms on side-scan sonar records, thickness of Holocene sediment
on high-resolution seismic records, and stratigraphy of storm sand layers, we
hope to determine regions where currents and waves cause excessive disruption
of the sea bed. Detailed analysis of the side-scan sonar records also permits
assessment of regions of intense ice gouging and bottom current scour.

C. Relevance to problems of petroleum development

In this extremely shallow epicontinental shelf area similar to the North
Sea (Fig. A3), the stability and maintenance of drilling rigs, production
platforms, pipelines, and shoreline based facilities in the Norton Basin area
are all threatened by potential hazards of active faulting, thermogenic gas
charged sediments, thixotropic sediment, ice gouging, and sediment scour
caused by current and wave erosion. Potential problems of biogenic gas
venting and sediment collapse during storm wave interaction with the bottom
must be understood prior to construction and installation of sea-floor
structures for petroleum development.
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III and IV. CURRENT STATE OF KNOWLEDGE IN THE STUDY AREA

A significant number of sediment studies and some deep-penetration

seismic profiling had been accomplished in the Norton Basin region prior to

the advent of OCS studies in the summer of 1976¹. Reconnaissance studies

with high-resolution geophysical systems and sampling for cruise S5-76-BS

Cruise S5-77-BS concentrated on the western portion of Norton Sound, and on

Chirikov Basin, again employing high-resolution geophysical systems, and sediment

samplings.

The cruise being addressed in this report, S9-78-BS, was devoted to 
topical

studies at several selected sites in Norton Sound and Chirikov Basin (Fig. A-1).

The S9-78-BS cruise consisted of three weeks of field work in 
September 1978, and

covered 2500 km of geophysical tracklines. Data were collected using 3.5 kHz,

12 kHz, 200 and 7 kHz, Uniboom, side-scan sonar, and 160 kJ single-channel

sparker (Fig. A-8). Twenty nine stations were occupied, where 30 vibracores

and 2 Van-Veen grab samples were collected (Fig. A-8).

V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

The nature of previous work in this large geographical area dictated the

rationale for the study methods. Regional broad reconnaissance of the northern

Bering Sea was accomplished in 1976 and 1977 cruises. For this reason the 1978

cruise concentrated on topical studies which evolved from this reconnaissance 
work.

High-resoltuion geophysics, side-scan sonar, and new sediment vibracoring 
(6-m cores)

techniques were employed. The topical studies included the sand wave fields west

of Port Clarence, the thermogenic gas seep south of Nome, the biogenic gas craters

in central and eastern Norton Sound and the scour depression areas west and

northwest of the Yukon delta.

Specific methods for each facet of the study are outlined in detail in

the results section. The research results are subdivided into four topics, each

of which comprises a separate sub-report with different authors.

See summary bibliography in Nelson et al., 1974; Oceanography of the Bering

Sea, Occasional Publication No. 2, edited by Hood, 
D.W. and Kelly, E.J.,

Institute of Marine Science, Univ. of Alaska, Fairbanks, 
AK, p. 485-516.

(note insert paper b)
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Figure A-1. Summary of potentially hazardous areas of northern Bering Sea.



Figure A-2. Coverage of geophysical surveys 
in northern Bering Sea.



Figure A-3. Bathymetry of northern Bering Sea showing distribution of major
areas of mobile bedforms.



Figure A-4. Faults in Norton Basin



Figure A-5. Distribution and density of craters on sea floor of Norton Sound,showing isopachs of Holocene mud derived from Yukon River anddeposited since Holocene postglacial sea-level rise.



Figure A-6. Distribution and density of ice gouging, movement directions of

pack ice, and limits of shorefast ice in northern Bering Sea.



Figure A-7. Location of scour depressions, extensive scour and ripple zones, andstrong bottom currents in Norton Sound, showing area of storm-sanddeposition.



Fig. A-8. High resolution seismic profile 
tracklines and sampling stations

from S9-1978 cruise.





VI. RESULTS

B. DISTRIBUTION OF GAS-CHARGED SEDIMENT IN NORTON SOUND

AND CHIRIKOV BASIN

Mark L. Holmes

Discovery of the submarine seepage of natural 
gas south of Nome,

Alaska, in 1976 (Cline and Holmes, 1977) 
prompted a comprehensive review

of seismic reflection data from the Norton 
basin area. The same types

of anomalous acoustic responses associated 
with the seep zone (Cline and

Holmes, 1977; Holmes and Cline, 1978; Nelson et 
al., 1978) were first

encountered by Grim and McManus (1970) in the course of a high-resolution

seismic study of the northern Bering Sea 
in 1967. They interpreted the

zones of acbustically impenetrable reflectors 
on their sparker records as

representing a Yukon River deposit very 
near the surface of the present-

day sea floor. The highly reflective nature of this 
surficial deposit

was thought to cause the sudden termination of 
deeper reflectors observed

along portions of the seismic track. 
Air gun reflection records collected

in Chirikov basin during a cruise by 
NOAA (then ESSA) in 1968 (Walton et

al., 1969) also crossed a few of these reflector 
termination anomalies,

and revealed that these zones were more 
widespread than Grim and McManus

(1970) had suspected.

Cline and Holmes (1977) first suggested that these acoustic 
responses

were caused by the presence of bubble 
phase gas in the near-surface sedi-

ment; Holmes and Cline (1978), and Nelson et al. (1978) presented detailed

analyses of the deep penetration and 
high resolution seismic reflection

records collected over the seep zone 
on two USGS cruises in 1977. An

additional 3500 km of single- and 
multi-channel airgun records were

obtained by the USGS in August 1978, 
from both Norton Sound and Chirikov

basin. This comprehensive geophysical study 
further emphasized the wide-

spread occurrence of the acoustic anomalies.
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Figure 1 shows the distribution of these acoustically anomalous zones

along more than 20,000 km of seismic reflection lines in Norton basin.

Two distinct types of acoustic anomalies are observed on the seismic

reflection records: Reflector pull-downs and reflector terminations

(Holmes and Cline, 1978). Both types could be caused by the presence of

gas in the near-surface (upper 150 m) sediment. Reflector pull-downs

similar to those shown in Figure 2 have been observed and described by

several other investigators from both deep and shallow water areas (Lindsey

and Craft, 1973; Cooper, 1978). The low compressional velocity in gas-

charged subsurface horizons causes the recorded time section (seismic

record) to be distorted relative to the true depth section. The greater

travel time through the gassy sediment produces a zone of pulled down

reflectors beneath it on the seismic record. The gas does not necessarily

have to be in the free state (bubble phase) to produce this phenomena;

gas-water or oil-water solutions have compressional velocities less than

water alone (Craft, 1973), although the decrease is much greater if gas

is present in the sediment interstices. The strong horizontal reflector

exhibiting a 1800 phase shift which is associated with the observed pull-

downs (Figure 2) could be the result of reflections from interfaces between

gas-charged zones and strata where water alone fills the pore spaces. The

decrease in both compressional velocity and density due to the presence of

gas in the sediment results in a large negative reflection coefficient at

the top of the gas-charged layer (Craft, 1973; Savit, 1974). Such a condi-

tion would produce acoustic responses similar to the strong horizontal

reflectors above the reflector pull-downs (Figure 2).

The extensive reflector termination anomalies observed throughout

Norton basin (Figure 1) are probably also caused by a subsurface accumu-

lation of gas in sufficient quantity that attenuation and scattering of

76



the seismic signal, even from large 
sources, is virtually complete.. 

Cross-

ings of the acoustic anomaly associated 
with the gas seep south of Nome

are shown in Figures 2 and 3. 
The anomaly covers an area of 

about 50 km

it is characterized by a sudden 
termination of subbottom reflectors, 

and

by a dramatic pull-down of the 
reflectors at its margins (Fig. 

3). The

depth to the top of the feature causing the anomalous 
acoustic signature

appears to be quite shallow, 
on the order of 50-200 m. 

In places the sur-

face of the acoustically opaque zone 
rises abruptly to within a few 

meters

of the sea floor (Nelson et al., 
1978). These zones may indicate the

locations of the active seeps.

Calculations by Cline and Holmes 
(1977, 1978) indicated that the con-

centrations of the low molecular weight hydrocarbons 
which had accumulated

in the sediment beneath the seep 
zone were far below theoretical 

saturation

values. This finding was in conflict with 
the seismic reflection data,

which strongly suggested the 
presence of bubble phase gas 

in the sediment.

The paradox was resolved by the 
recent discovery that the seep 

consists

primarily of CO 2 rather than hydrocarbons, 
and that CO2 is present in the

free state in the sediment interstices 
(Kvenvolden et al., in press).

An acoustic feature identical 
to the reflector termination 

anomaly

over the Norton basin gas seep (but 
smaller in areal extent) was 

recorded

over the Attaka oil field off 
southeastern Kalimantan using 

a multi-channel

seismic reflection system (Schwartz 
et al., 1974). Here the acoustic

anomaly is caused by a gas cap 
approximately 450 m thick covering 

an area

2
of 20 km . Laterally continuous velocity 

analyses of the seismic data

suggested a compressional velocity 
of about 750 m/sec in the gas 

sands,

and this was confirmed by subsequent 
velocity surveys in wells drilled 

on

the structure (Schwartz et al., 
1974).
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Examples of other reflector termination anomalies observed in Norton

basin (Figures 4 and 5) are quite different from the one associated with

the gas seep. They exhibit only slight reflector pull-downs at their

margins, and lack the dramatic "wipe-out" appearance of the seep anomaly.

The same mechanism, however, gas in the near-surface sediment, provides

the most plausible explanation for their occurrence. Indirect evidence

indicating abnormally low compressional velocities in these shallow zones

is provided by the multi-channel seismic reflection data collected by the

USGS in August 1978. An oscillographic camera is used to monitor the

signal from the hydrophone streamer every 50 shots. A "normal" shot record

is shown in Fig. 6. This is not a "gather" in the true sense of the word,

but merely a recording of the output from each of the 24 streamer channels

for one shot from the 1326 cubic inch (21.7l) air gun array. Refracted

arrivals (head waves), the water wave, and reflected arrivals are clearly

visible.

In sharp contrast is a shot record over the gas seep reflector termina-

tion zone (Fig. 7). Virtually no reflected energy is returned to the

streamer over the gas-charged zone. A shot record over a more typical

Norton basin reflector termination zone is shown in Fig. 8. Severe atten-

uation of the reflected arrivals is still apparent, though not to the same

spectacular degree as over the gas seep area. Even more surprising is the

degree to which the direct water wave is attenuated; in fact it is almost

totally absent over the seep zone (Fig. 7).

These phenomena can easily be explained by invoking the model of near-

surface gas-charged sediment. Not only will attenuation of the reflected

arrivals be pronounced (Mavko and Nur, 1979), as in the case of Figs. 7

and 8, but the combination of a long (2,800 m) streamer and shallow (20 m)
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water produce another interesting effect. 
In such shallow water the direct

arrival consists of a complicated train 
of events, most of which involve

rays which have been reflected at least 
once at wide angle from the sea

floor. Normally this would have little noticeable 
effect on the apparent

amplitude of the water wave, but when gas is present 
in sufficient quantity

to lower the compressional velocity 
of the near surface sediment below

that of the water, then quite a different 
result is observed. Any ray

impinging on the sea floor is refracted 
downward instead of reflected

upward, and so energy is progressively 
lost as the water wave is trans-

mitted to and along the streamer.

This drastic reduction in apparent 
amplitude of both the reflected

and direct arrivals was observed over 
virtually all of the reflector

termination anomalies crossed in the 
course of the 1978 survey. It is

indicative of a significant reduction 
in compressional velocity in the

near-surface strata; the most likely explanation is the presence of free

(bubble-phase) gas in the sediment.

The distribution of acoustic anomalies 
(Figure 1) suggests that near-

surface accumulations of gas are most 
common in the central part of

Norton basin northwest of the Yukon River delta. The apparent gas-free

zones along the southern and eastern 
shores of Norton Sound are due to

the absence of data from these very 
shallow water areas. Such is not

the case for western Norton basin, 
however. Seismic reflection coverage

is good; there are simply few occurrences of 
acoustic anomalies.

The possible sources of the gas are 
still being investigated. The

gas seep south of Nome is the only 
well-substantiated source of hydro-

carbon gases indicative of a deep 
petroleum source (Cline and Holmes, 

1978;

Nelson et al., 1978; Kvenvolden, 1979, personal 
communication). The location
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of many of the other reflector termination zones, especially in Norton

Sound, coincides with known occurrences of buried tundra-derived peat

deposits which were formed during low sea-level stands in the Quaternary

(Nelson and Creager, 1977). Biogenic methane and carbon dioxide generated

in these peat beds could cause the observed anomalous acoustic responses;

the peat layers themselves could also act to trap upward migrating

petroleum-derived gases. The absence of acoustic anomalies (gas-charged

sediment) in western Norton basin (Chirikov basin) is probably due to the

different types of Quaternary deposits. Chirikov basin was extensively

glaciated during the Pleistocene (Grim and McManus, 1970); the boundary

between the glaciated and unglaciated terrain corresponds closely with

the western limit of acoustic anomalies in Fig. 1. The Quaternary glacial

and glacio-marine sediments deposited in Chirikov basin do not have a high

potential for biogenic gas generation because advance and retreat of the

ice sheets evidently destroyed or prevented the growth of tundra-derived

peats common to Norton Sound. Also, the relatively thin Tertiary sedi-

mentary section beneath Chirikov basin has not attained sufficient thick-

ness to subject the basal sediments to the temperatures and pressures

required for the generation of hydrocarbon gases.

The distribution of acoustic anomalies (Figure 1) suggests that almost

7000 km2 of seafloor in Norton Sound and Chirikov basin is underlain by

sediments containing sufficient gas (biogenic and/or thermogenic) to affect

sound transmission through these zones. Further detailed processing and

analysis of the seismic data will possibly permit quantitative estimates

to be made of the amounts of gas present in these acoustically anomalous

zones.
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FIGURE B-1 Location of anomalous near-surface acoustic responses observed

on single channel seismic reflection records from Norton Sound

and Chirikov basin. The acoustic anomalies are due to the

presence of bubble phase gas in the sediment. Also shown are

the locations of the Norton basin gas seep (Cline and Holmes,

1977), and the seismic record sections shown in Figures 2-5.



FIGURE B-2 Seismic reflection record across the Norton basin gas seep
zone. Location of line shown in Figure 1. This record shows
two types of acoustic anomalies indicative of gas in the sedi-
ment: Reflector terminations and reflector pull-downs.
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FIGURE B-3 Single channel reflection record across the Norton basin gas
seep area. Location of line shown in Figure 1. Reflector
termination zone and marginal pull-downs are clearly shown.
The 0254 multi-channel shot record is shown in Figure 7.
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FIGURE B-4 Single channel seismic reflection record from eastern Norton
basin showing "normal reflector zones and typical reflector
termination anomalies. Location of line is shown in Figure 1.
The 0404 multi-channel shot record is shown in Figure 6.

88





FIGURE B-5 Single channel seismic reflection record from southern Norton
basin showing "normal" reflector zones and a typical reflector
termination anomaly. Location of line is shown in Figure 1.
The 1744 multi-channel shot record is shown in Figure 8.
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FIGURE B-6 Multi-channel shot record over "normal" reflector sequence
shown in Figure 4. Refracted head waves (H), the water wave
(D), and reflected arrivals (R) are clearly visible.



FIGURE B-7 Multi-channel shot record over the gas seep reflector termina-

tion anomaly shown in Figure 3. All arrivals are markedly

attenuated as a result of gas in the near-surface sediment.



FIGURE B-8 Multi-channel shot record over a typical Norton basin reflector
termination anomaly shown in Figure 5. Attentuation due to low
velocity gas-charged sediment is still apparent, though not to
the same degree as in Figure 7.



VI RESULTS

C. BIOGENIC AND THERMOGENIC GAS IN GAS-CHARGED SEDIMENT OF 
NORTON

SOUND, ALASKA

Keith A. Kvenvolden, C. Hans Nelson, Devin R. Thor, Matthew 
C.

Larsen, George D. Redden, John B. Rapp and David J. Des Marais

INTRODUCTION

Previous investigations in Norton Sound describe acoustic 
anomalies that

are attributed to the presence of near-surface gas-charged sediment, 
(Nelson,

C.H., Kvenvolden, K.A., and Clukey, E.C., 1978; Holmes, M.L., Cline, J.D., and

Johnson, J.L., 1978; Cline, J.D., and Holmes, M.L., 1977, and 1978). One

anomaly in particular has been studied in detail because 
of the discovery in

1976 of submarine seepage of petroleum-like gaseous hydrocarbons 
into the water

column, (Cline, J.D., Holmes, M.L., 1977). The gas seep comes from sediment

that is inferred to be saturated with hydrocarbons, (Nelson, C.H., Kvenvolden,

K.A., and Clukey, 1978; Holmes, M.L., Cline, J.D., and Johnson, J.L., 1978;

Cline, J.D. and Holmes, M.L., 1977, and 1978). In the summer of 1977 a geochemi-

cal investigation of the seep site showed that near-surface 
sediment contains

petroleum-like gas and gasoline-range hydrocarbons (Nelson, 
C.H., Kvenvolden,

K.A., and Clukey, E.C., 1978). However, the measured concentrations of hydro-

carbons in the sediment, although unusually high, were well 
below saturation.

The contradiction between geophysical evidence suggesting 
gas-saturated sediment

and the geochemical analyses showing concentrations of hydrocarbons 
greatly

below saturation led to the work described in this paper.

A major objective was to determine the chemical composition 
and concentration

of the gas in the sediment and to indicate possible sources 
for this gas. We

focused on two areas (Fig. Cl) where geophysical, geological and geochemical

information indicates that the sediment is charged with gas. 
One area, approxi-

mately 50 km south of Nome, is designated Site 3 from the 
core number of our

1978 survey. This area corresponds in location to the seep mentioned above,

(Nelson, C.H., Kvenvolden, K.A., and Clukey, E.C., 1978; Holmes, M.L., Cline,

J.D., and Johnson, J.L., 1978; Cline, J.D., and Holmes, M.L., 1977, and 1978),

About 12 km northwest of Site 3 we investigated a second 
area, designated Site 4.

At Site 4 there is evidence of gas-charged sediment, but 
there is no indication

of surface seepage of gas. At both sites the depth of water is 19 m. The geo-

physical, geologic and geochemical results obtained at these 
two contrasting

sites have explained the earlier contradictory evidence from 
the seep area.

METHODS

The following high-resolution reflection-profiling multisensor 
system defined

the acoustical responses of the anomalies: (1) 800-J boomer; (2)3.5-kHz

subbottom profiling system; (3) 12-kHz echo sounder tuned to detect bubbles in

the water column; and (4) 200-kHz echo sounder also tuned 
to detect bubbles.

In addition to the high-resolution systems, deep-penetration 
reflection profiling

was obtained with a 120-kJ sparker system. Side-scan sonar with a 100-m sweep

was used to detail the seafloor. About 200 km2 of seafloor surrounding Sites 3
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C-2.

and 4 has been crossed by about 400 km of geophysical tracklines. The multi-
sensor acoustic system obtained a sequence of acoustic profiles from which we
constructed a detailed grid of geologic cross sections, (Larsen, M.C., Nelson,
C.H., and Thor, D.R., in press; Nelson, C.H., Holmes, M.L., Thor, D.R., and
Johnson, J.L., 1978; Thor, D.R., and Nelson, C.H., 1978).

Geologic observations consisted of underwater television-and photography
and detailed examination of sediment cores. A sled carrying a 70 mm underwater
camera and a television camera was deployed at Site 3 (the seep site)to obtain
a direct view of the features on the bottom. Time constraints prevented under -
water camera and television coverage at Site 4. Sediment cores were taken with
an air-driven vibracorer which monitored its rate of sediment penetration. The
vibracorer had a barrel 6 m long and contained an 8.5-cm diameter plastic core
liner. From every meter of core, segments about 9 cm long were removed for gas
analysis. Also, where a gas expansion pocket developed within the core, analyses
were made on gases'directly removed through the core liner. The remaining core
segments were preserved for later engineering studies. A duplicate core was
split, described geologically and sampled for organic carbon, moisture content,
and radiocarbon dating.

Geochemical studies consisted of analyses for hydrocarbons and CO2 on board
ship and measurements of total gas composition and of carbon isotopic composi-
tions of CO2 and methane in shore-based laboratories, (Kvenvolden, K.A., Weliky,
K., Nelson, C.H., and Des Marais, D.J., (in press). One gas expansion pocket
in the core at Site 3 was sampled as follows: the core liner was partially pene-
trated with an awl, and a rubber septum was strapped over the partial penetration
with a hose clamp. Gassamples were recovered by penetrating the septum, with
a needle on a gas-tight syringe and with double-ended needles, to fill 20-ml
vacutainers. Also, sediment from the samples removed from the cores were extruded
from the liners into l-qt. paint cans. Each can was immediately filled with
helium-purged water. From each can 100 ml of water was withdrawn and the can
was sealed. The resulting headspace was purged with helium through septa-covered
holes in the can. The can was shaken for 10 minutes in a paint can shaker to
release interstitial gas into the headspace. One-milliliter samples of the gas
mixture from the gas pocket, the vacutainers and the paint can headspace were
analyzed on a gas chromatograph having both flame ionization and thermal conduc-
tivity detectors. More detailed compositional information on the gas in the vacu-
tainers was obtained by shore-based gas chromatography. Methane and CO2 from the
vacutainers were separated in a vacuum-line combustion apparatus and their carbon
isotopic composition determined by mass spectrometry using methods modified after
Craig (Craig, H., 1953). Results are reported relative to the PDB (Peedee Bele-
mnite) standard. ([delta][superscript]13 C‰ =

[FORMULA]

GEOPHYSICAL RESULTS

Geophysical studies have defined the general geologic setting for the area
where Sites 3 and 4 are located, (Holmes, M.L., Cline, J.D., and Johnson, J.L.,
1978). The sites are on the northeastern side of Norton Basin, a major sub-
surface northwest-southeast-trending synclinorium. The upper stratigraphic
section of the basin fill consists of folded and faulted Tertiary rocks unconform-
ably overlain by horizontally bedded Quaternary units, (Nelson, C.H., Hopkins,
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D.M., Scholl, D.W., 1974). Tertiary strata dip generally southwest by several

degrees or less into the synclinorium. Broad anticlinal arches within the Ter-

tiary section are formed by dip reversals of less than 0.50 
toward the northeast.

The geology of the area is characterized by faults, folds, 
acoustic anomalies,

and gas seepage. Faults are subparallel, trend northwest-southeast, and dip

southwest (Fig. Cl). These faults occur in zones which splay from deeper master

faults that offset the acoustic basement, (Holmes, M.L., Cline, J.D., and

Johnson, J.L., 1978). The fault system displaces Tertiary and Quaternary

units but does not seem to cut through surficial sediment.

Near-surface acoustic anomalies on seismic profiles are 
common in the area

of this investigation. Two types of anomalies are recognized on sparker records.

One type of acoustic anomaly, seen at Site 3,-is an acoustic-termination 
anomaly,

characterized by sharp termination of subbottom seismic 
reflectors with an inter-

vening zone lacking coherent reflections (Fig. C2A). The other type of anomaly,

observed at Site 4, is characterized by near-surface "pull-downs" 
of seismic

reflectors. The pull-down effect continues to depth (Fig. C2D). The anomalies

are attributed to the attenuation and scattering of seismic 
signals due to gas

bubbles in the sediment (Nelson, C.H., Kvenvolden, K.A., Clukey, E.C., 1978).

The 120-kJ sparker profile over Site 3 (Fig. C2A) shows dipping 
reflectors

terminating at regions where the acoustic return signals 
are highly attenuated.

This anomaly is probably caused by a large continuous gas accumulation 
about 100

m below the surface (Nelson, C.H., Kvenvolden, K.A., and Clukey, E.C., 1978;

Holmes, M.L., Cline, J.D., Johnson, J.L., 1978). The boomer profile (Fig. C2B)

shows an apparent near-surface extension of the large gas 
accumulation (Nelson,

C.H., Kvenvolden, K.A., and Clukey, E.C., 1978). The 12-kHz (Fig. C2C) and 200-

kHz profiles show gas bubble trains in the water column that 
indicate active

gas seepage above the near-surface acoustic anomaly.

At Site 4 the 120-kJ sparker profile (Fig. C2D) reveals a 
series of reflec-

tor "pull-downs". The source of acoustic disturbance is very near the surface.

The anomaly on the boomer record at Site 4 is patchy (Fig. C2E) in contrast to

the more continuous response shown on the record at Site 
3 (Fig. C2B). The

12-kHz (Fig. C2F) and 200-kHz profiles at Site 4 show a clear 
water column with

no evidence of gas bubbles.

GEOLOGIC OBSERVATIONS

The presence of active gas seepage at Site 3, as indicated 
on the 12-kHz and

200-kHz profiles, is documented by underwater television and 
photographs. Inter-

mittent and rapid streams of bubbles come from small vents. 
Bubbles are easy

to see on television but difficult to see in plan-view photographs 
(Fig. C3A).

Apparent gas vents were videotaped in 1977, but no bubbles 
were seen (Nelson,

C.H., Kvenvolden, K.A., and Clukey, E.C., 1978). These vents, plus those seen

in 1978, range from 5 to 40 cm in diameter, are too small to appear on side scan

sonar records, and are conical in shape with depth to width ratios about 1:1.

This shape differs from the shapes produced by biological 
activities which tend

to be infilled and much smaller in size (Nelson, C.H., Rowland, R.W., Stoker, S.W.,

and Larsen, B.B., (in review). Gas seep vents sometimes occur at the crest of

ripple fields (Fig. C3B). There is no mounding around small vents. The vents

do not resemble mud volcanoes that have been described at 
other places and that

have generally been attributed to gas venting with mixtures 
of liquid and mud,
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(Newton, R.S., Personal Communication, 1978). The Norton Sound seep vents are
quite different from the apparent biogenic gas craters commonly found elsewhere
in the sound (Nelson, C.H., Thor, D.R., and Sandstrom, M.W., 1978).

Relations between sediment ripples and vents indicate that dynamic processes
are operating at Site 3. Sediment at the two sites consists of very fine sand
and coarse silt derived from the Yukon River. This material can be worked
into small ripples (Figs. C3A and C3B) by either intermittent storm waves or
strong bottom currents that reach speeds of up to 30 cm/s during daily tidal
fluxes (Cacchione, D.A., Drake, D.E., 1978). Photographs taken in 1977 show
a generally smooth, highly bioturbated seafloor at the seep site (Nelson, C.H.,
Kvenvolden, K.A., and Clukey, E.C., 1978). In 1978, however, the seafloor was
rippled. The ripples were well preserved and generally symmetrical, like ripples
attributed to wave effects. Some of the ripples, however, were modified by
bottom currents and were formed into more asymmetric bedforms. The presence
of gas vents superposed on these dynamic mobile bedforms suggests that vents form
quite frequently. Furthermore, the absence of bubble emanations at most vents
indicates that gas movement in near-surface sediment is episodic and rapidly
changes pathways to the surface.

Gas in the sediment significantly changes sediment geotechnical properties
and internal structures. When the 2-m vibracorer penetrated gas-charged sediment
in 1977, rates of penetration were much higher than at locations that did not
show geophysical evidence of gas-charging (Nelson, C.H., Kvenvolden, K.A.,
and Clukey, E.C., 1978). With the 6-m long-vibracorer used in 1978, penetration
was as much as three times faster at Sites 3 and 4 than at locations where no
anomalies exist. These data on rates of penetration emphasize the loss of shear
strength in near-surface, gas-charged sediment.

When cores in gas-charged sediment are removed from the seafloor, the gas
begins to expand rapidly and causes a number of secondary phenomena in the sedi-
ment core. At Site 3 the core expanded in an explosive manner so that nearly
a meter of sediment was blown out the end of the liner when it was removed from
the vibracorer. In addition, several 5-10-cm gas pockets formed in the core from
the bubble phase gas (Fig. C3C).

The rapid expansion of the core disrupted internal sedimentary structures.
Cores at both sites showed a number of cracks (Fig. C3D) which have been noted
in other cores affected by gas expansion. The core at Site 3 contained a number
of gas cavities in the lower part, so that the sediment resembled a honeycomb
(Fig. C3E). The gas apparently streamed rapidly up through the core causing
longitudinal gas streaming structures in the lower part of the core (Fig. C3D,
top). A large honeycomb structure then formed above where this gas became trapped
beneath a cohesive peat layer. At Site 4 sediment expansion cracks also were
observed in the core; however, no large gas expansion pockets developed, and the
core extruded only a few centimeters out of the core barrel.

Seismic profiles suggest that the region near Sites 3 and 4 is characterized
by 1-2 m of Holocene sediment (Nelson, C.H., Holmes, M.L., and Thor, D.R., 1978;
Thor, D.R., and Nelson, C.H., 1978; Larsen, M.C., Nelson, C.H., and Thor, D.R.,
(in press); Nelson, C.H., Creager, J.S., 1977) and lithologic studies indicate
that the sediment is coarse silt derived from the Yukon River (McManus, D.A.,
Venkataratham, K., Hopkins, D.M., and Nelson, C.H., 1974). The stratigraphy
in the vibracore shows Holocene sediment slightly over 3 m thick at Site 3 and
about 1.5 m thick at Site 4. Because of necessary compensation for gas expansion,
the true thickness of the overlying Yukon mud in this area is probably like the
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2-m thickness found elsewhere in Norton Sound. 
Yukon mud, 1.5 to 2 m thick,

overlies Pleistocene freshwater peaty mud deposited 
before the Holocene marine

transgression (Nelson, C.H., Creager, J.S., 1977). The peats or peaty muds

that characterize Pleistocene sedimentation contain 
large amounts of organic

carbon (8 to 34 percent). This organic-rich mud may generate high quantities

of methane as observed at several places in Norton 
Sound (Nelson, C.H., Thor,

D.R., Sandstrom, M.W., 1978).

GEOCHEMICAL ANALYSES

The gases extracted from sediments at Sites 
3 and 4 (Table 1) were analyzed

by gas chromatography on board ship. The measurements should be considered

semiquantitative because our standards required 
large multiplication factors to

calculate the unusually high concentrations of 
gases found at both these sites.

At Site 3, CO2 is the dominant gas being about 4 to 5 orders of 
magnitude higher

in concentrations than methane, which is the most 
abundant hydrocarbon gas. Of

special interest is the fact that the hydrocarbon gases heavier than 
methane,

namely ethane, propane, and the butanes, are especially 
abundant relative to

methane. The ratios of methane/ethane + propane (C[subscript]1/(C[subscript]2 + C[subscript]3) are all less than

10 and in fact, in one sample, this ratio is less than 
1. Ethene and propene

are also present but always in lower concentrations 
than their saturated homo-

logues. Gas chromatograms also show that gasoline-range 
hydrocarbons are present.

Generally, the overall concentrations of hydrocarbons 
appear to decrease with

depth in the vibracore.

The dominant gas in sediment at Site 4 is methane 
and CO2 is usually subord-

inate by a factor of about 3. Hydrocarbons heavier than methane are present,

but their concentrations relative to methane are 
small. For example, the ratios

of C[subscript]1/(C[subscript]2 + C[subscript]3) range from about 1000 to 24,000. Near the surface ethene and

propene are in greater concentrations than ethane and propane 
but at depth satura-

ted hydrocarbons are more abundant. The concentration of hydrocarbons increases

with depth. Methane reaches concentrations near saturation 
in the interstitial

water.

Geochemical analyses of the gases present in a 
gas expansion pocket (Fig. C3C)

in the core at about 178-187 cm depth provided 
a good estimate of the bubble-

phase composition of the gas at Site 3. Carbon dioxide constitutes about 98%

by volume of the total gas mixture. Other gases measured are: N2 , 1.9%; 021 0.5%;

Ar, 0.3%; H2, 0.1%; and H20, trace. Only 0.04% of the mixture is hydrocarbons.

Concentrations of individual hydrocarbons in parts 
per million by volume of

total gas are: methane, 362; ethane, 39; propane, 18; n-butane, 4; and isobutane,

20. Ethene and propene were not detected. The ratio C[subscript]1/(C[subscript]2 + C[subscript]3) is 6.4, in

the same range of values shown in Table 1 for Site 
3.

Carbon isotopic compositions were determined 
for CO2 and methane from the

gas expansion pocket and for organic carbon at 
325 cm in the core at Site 3.

For Site 4, carbon isotopic compositions were 
measured for CO2 and methane from

the headspace of the canned sample from 190 to 199 cm and for 
organic carbon

from Pleistocene sediment at 212 cm in the core. 
The results, summarized in

Table C-2, clearly show that the sources of the 
gases at Sites 3 and 4 must be

distinctly different. On the other hand, the organic carbon in the 
Pleistocene

peaty mud has the same isotopic composition 
at both sites, and, therefore, the

peat probably is of the same source.

DISCUSSION

Our geophysical and geologic observations indicate 
that gas is present at
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high concentrations in the sediment at Sites 3 and 4. The geochemical data
confirm these observations but show that the gas composition differs at the
two sites, with CO2 leaking into the water at Site 3 and methane trapped in thePleistocene sediment at Site 4.

Many of the geophysical features at the two sites are similar, but there area few differences between the sites. Similarities between Sites 3 and 4 include
(1) a thin veneer of Holocene sediment covering Pleistocene peaty mud; (2) higherrates of vibracorer penetration at both sites than at adjacent locations notexhibiting near-surface acoustic anomalies. (These penetration data help sub-stantiate that the acoustic anomalies at Sites 3 and 4 indicate gas-charged
sediment); and (3) gas expansion cracks in cores from both sites. The core fromSite 3 also exploded at the top and developed large gas pockets within the
core liner, suggesting a higher sediment gas content at Site 3 than at Site 4.

Differences between the two sites appear mainly in geophysical records. Forexample, the sparker records for Site 3 show an acoustic anomaly at about 100 mdepth that has sharp terminations of subbottom seismic reflectors with an inter-vening lack of coherent reflections; high-resolution records indicate bubbles
leaking from the sediment into the water column. At Site 4 the sparker recordsshow near-surface pull-downs of the seismic reflectors, and high-resolution
records indicate no bubbles in the water. The acoustic anomaly at Site 3 is inter-preted to be caused by an accumulation at 100 m and deeper of gas, mainly C0[subscript]2.Some CO2 apparently is escaping from the accumulation and breaks through the sea-floor as a seep. At Site 4 the acoustic anomaly is believed to be due to trap-ping of gas, mainly methane, generated in the near-surface sediment.

The chemical and isotopic compositions of the gases at Sites 3 and 4 provideinformation for interpreting possible sources. Bernard et al. (Bernard, B.B.,
Brooks, J.M., and Sackett, W.M., 1976) utilize two parameters, the ratio ofC[subscript]1/(C[subscript]2 + C[subscript]3 ) and the [delta][superscript]13C value of methane, to determine the origin of natural
hydrocarbon gases in submarine seeps. They point out that microbial degradation
produces ydrocarbons with Cl/(C2 + C3) ratios greater than 1000 and with methanehaving [delta][superscript]13 C values less than -60 ‰. On the other hand, termal sources pro-duce hydrocarbons with C[subscript]1/(C[subscript]2 + C[subscript]3) ratios of 0 to 50 and [delta][superscript]13 C values of methane
heavier than -50 ‰. The ydrocarbon gases at Site 3 where C[subscript]1/(C[subscript]2 + C[subscript]3) ratiosare less than 10 and the [delta][superscript]13 C value of methane is -36 ‰, clearly are from
thermogenic sources according to the criteria of Bernard et al. (Bernard, B.B.,Brooks, J.M., and Sackett, W.M., 1976). The dominant CO2 at this site has acarbon isotopic composition of -2.7 ‰. This value suggests that the CO2 isprobably derived from the thermal decomposition of marine carbonates, which arebelieved to underlie large parts of the Bering Sea Shelf (Patton, W.W., Jr.,and Dutro, J.R., Jr., 1969). Thus, the isotopic evidence for both organic andinorganic carbon indicates that thermal processes are involved in the formation
of gases at Site 3. In contrast, the gases from Site 4 are dominated by methane
and are apparently produced by microbial activi as suggested by the C[subscript]1/(C[subscript]2 + C[ s u bs c r i pt ]3 )ratios ranging from 1000 to 24,000 and by the 6 C of methane of -80 O/oo. TheCO2 at Site 4 has a 6 C value of -14 ‰ that is in the range consistent withbiologically produced CO2 but we do not know if the method of collecting samples
from canned sediment affects the isotopic fractionation of the CO2. Carbon
isotopic compositions of bacterially generated CO2 and methane in sediment from theDeep Sea Drilling Project (Claypool, G.E., Presley, B.J., and Kaplan, I.R.,1973) however, are similar to isotopic compositions at Site 4. The presence ofhigh concentrations of methane in Norton Sound sediment is fairly common (Nelson,C.H., Thor, D.R., and Sandstrom, M.W., 1978), but the occurrence of a CO2 seep
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at Site 3 is unique.

At Site 3 the predominant gas, CO2 , carries with it a small component of gas

and gasoline-range hydrocarbons. These hydrocarbons may be related to petroleum.

As an example, in the petroleum province 
offshore southern California, submarine

gas seeps are common. At two of these seeps the chemical and carbon 
isotopic

compositions of hydrocarbon gases have been 
determined. The results are similar

to those we obtained for gas at Site 3. 
For example, seeps at Coal Oil Point

and Carpenteria have C1/(C2 + C3) ratios 
of 36 and 10 respectively and [delta][superscript]13 C values

of methane of -38.7 ‰ and -40.3 ‰ (Claypool, G.E., Presley, B.J., and

Kaplan, I.R., 1973). Thus, the hydrocarbons at Site 3 may be derived 
from pro-

cesses similar to or the same as those involved 
in the origin and maturation

of petroleum. Even if these hydrocarbons are derived from 
petroleum, they prob-

ably constitute less than 0.1% of the gas 
in the accumulation at 100 m depth

indicated by the sparker records. We cannot yet define precisely the sources

and processes by which CO2 and the hydrocarbon 
gases are produced at Site 3 but a

number of alternatives have been considered 
and are discussed elsewhere (Kven-

volden, K.A., Weliky, K., Nelson, C.H., and Des Marais, D.J., (in press)).

The occurrence of near-surface sediment charged 
with biogenic or thermogenic

gas has direct implications for sediment stability 
(Whelan, T., Coleman, J.M.,

Roberts, H.H., and Suhayda, J.N., 1976). The presence of high concentrations of

gas in the sediment of Norton Sound causes 
a reduction in stability as suggested

by the rapid rates of vibracorer penetration 
into the gas-charged sediment.

Areas with near-surface, gas-charged sediment 
may be potentially hazardous to

any engineering developments requiring firm 
and stable footings.

CONCLUSIONS

Geophysical, geologic and geochemical 
evidence all indicate that gas-charged,

near-surface sediment is present in Norton 
Sound, Alaska. Some sediment is

charged with methane that is probably derived 
from microbial processes operating

on Pleistocene peaty mud beneath a thin veneer 
of Holocene sediment from the

Yukon River. At Site 3 sediment is charged with CO2, which 
seeps into the water

column. This CO2 carries with it a minor 
component of hydrocarbon gases and

gasoline-range hydrocarbons. The chemical and isotopic compositions of 
the sedi-

ment gases indicate that they are derived 
from thermal sources operating at depth

within Norton Basin. The gases probably migrate up faults eventually 
reaching

the surface as a seep. The hydrocarbons apparently are derived through 
processes

similar to or the same as those that produce 
petroleum. Our data do not indicate

whether a significant accumulation of petroleum 
is present at depth. The ease

of penetration by the vibracorer into the 
gas-charged sediment suggest that the

presence of gas reduces the stability of the 
sediment. Areas where sediments are

charged with biogenically and thermogenically 
derived gas may be hazardous for

any future engineering developments in the area.
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Table 1 - Content of Gases In Sediment

nL/L of Interstitial Water



Table 2 - Carbon Isotopic Composition of Gases and
Organic Carbon in Sediments of Norton Sound ([delta][superscript]13C‰)
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FigureCl. Location map of Sites 3 and 
4 in Norton Sound, Alaska. 

Near-

surface fault traces are mapped 
near these sites.



FigureC2. Geophysical profiles taken over Site 3 (A-C) and Site 4 (D-F).A -- 120-kJ sparker record showing reflector terminations and interveninglack of conherent reflections. B -- Boomer record showing reflector termina-tions and continuous zone lacking acoustic definition. C -- 12-kHz recordshowing V-shaped gas bubble trains in the water column. D -- 120-kJ sparkerrecord showing reflector "pull-downs". E -- Boomer record showing reflectorterminations and patchy acoustic response. F -- 12-kHz record showing aclear water column without bubble trains.
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FigureC3. Gas escape features at Site 3. A -- Seafloor with a circular gas

vent and active bubbling (arrows). B -- Rippled seafloor disrupted by cir-

cular gas vents. C -- Core in liner exhibiting gas expansion 
cracks on the

left side and a large expansion pocket 
filled with gas that was sampled by

syringe and vacutainer. D -- Internal sedimentary structures with gas 
stream-

ing features in top core half. Core half at bottom is located stratigraphi-

cally above the other core and shows undisrupted 
peat layers that may trap

some gas below. E -- Honeycomb of gas cavities in core half 
just below

black peat layer (at left edge).
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VI. RESULTS

D. MODERN BIOGENIC GAS-GENERATED CRATERS (SEAFLOOR "POCKMARKS")

ON BERING SHELF, ALASKA

Hans Nelson, Devin R. Thor, and Mark W. Sandstrom

INTRODUCTION

We have observed widespread occurrences of small (1-10 m diameter)

circular pits or .craters in north-central Norton Sound of the Bering Sea

epicontinental shelf; a few similar craters are also present near Port

Clarence (Fig. 1). These features resemble so-called "pockmarks" ob-

served on numerous other broad shelf areas (King and MacLean, 1970; Off-

shore Engineer, 1977; Platt, 1977). The origin of these sea-floor de-

pressions has been ascribed to diverse processes such as permafrost

melting, meteorite showers, and gas and fluid escape (Offshore Engineer,

1977).

We postulate that the craters in Bering Sea are formed by present-

day venting of biogenic gas generated and trapped in buried peaty mud.

This paper describes this new occurrence of craters or pockmarks and

shows the geological, geophysical, geochemical, and geotechnical

evidence in favor of our hypothesis.
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Methods

This paper is based partly on analysis of 2,800 km of high-

resolution profiles from Uniboom and 3.5 kHz systems and 2,200 km of

side-scan sonar trackline collected onboard the R/V SEA SOUNDER during

1976 and 1977 (Fig. 1). The Uniboom system utilized four hull-mounted

E.G. and G. transducer plates with a total power output of 1,200 joules.

The Raytheon 3.5 kHz CESP II system used a hull-mounted transducer array

consisting of 12 Tr-109A units. Thel05 kHz E.G. and G. side-scan sonar

sysem recorded at 50-m and 100-m sweeps (scales). The altitude of the

transducer fish was maintained at approximately 10 percent of the scale

being used.

Surface sediment samples were obtained with a 60-cm stainless

steel box corer or a frame-supported Soutar Van Veen grab sampler that

was free of hydrocarbon contamination. Subsurface samples were obtained

with a 2 m Kiel vibracorer. Sediment subsamples were collected as soon

as possible after the sampling device was brought on deck; the sediment

was placed into 600-ml paint cans, and the cans were filled with

distilled water to maintain a constant headspace of approximately 50 ml

and then flushed with helium before sealing the can. Low-molecular-

weight hydrocarbons (LMWHC) were determined by static headspace analysis

of the canned samples using gas chromatography (Nelson and others,

1978). The cans were shaken, punctured, and 1-ml samples of the gas

headspace were injected into the gas chromatograph. A Carle #311

Analytical Gas Chromatograph, equipped with a flame ionization detector,

utilized a series of columns that allowed complete separation of C 1

through C4 alkanes and alkenes. The chromatograph was calibrated with

1-ml samples of a gas standard.
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Gas remaining in the can after shipboard gas analysis was

collected in 20-mi vacutainers and stored for mass spectrometric

analysis. Methane in the gas samples was purified from carbon dioxide

and other hydrocarbons by passing it through a trap held at -180°C and

collecting it on activated charcoal held at -180 0 C. The methane was

quantitatively converted to carbon dioxide for mass spectrometric

analysis by combustion in an oxygen atmosphere at 900 0 C using the method

of Kaplan and others (1970).

Geologic Setting

Norton Sound is an elongate, east-west trending marine reentrant in

northwestern Alaska, bounded on the north by the Seward Peninsula and on

the southwest by the Yukon Delta (Fig. 1). The floor of the sound is

nearly flat, lacking topographic irregularities except a broad, shallow

trough in the northern part. Most of the sound is between 10 and 20 m

deep (Fig. 2).

Sea-level lowering in late Pleistocene time caused Norton Sound to

be subaerially exposed (Nelson and Hopkins, 1972). During this time,

fluvial processes and tundra vegetation characterized the area (Hopkins,

1967) and peaty, organic-rich mud was deposited over much of the region

(Fig. 2). This fluvial freshwater sediment contains 2.5 to 7 percent

organic carbon as compared to the overlying marine sediment, which

contains 0.5 to 1.0 percent organic carbon (Nelson, 1977). The

carbon-14 ages of the uppermost part of the nonmarine sediment range

from 10,120 to 16,400 years B.P. and confirm its pre-transgressive

history and origin as non-marine deposition on an emergent landmass

(Steve Robinson, written communication, 1978; USGS Radiocarbon dates W-

2686, 155, 157, 159, 357 and 352).
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The sea flooded most of Norton Sound, initiating marine

sedimentation during the period between 12,000 and 9,000 years B.P.

(Nelson and Creager, 1977). In Holocene time 0-10 meters of fine-

grained sandy silt derived from the Yukon River has prograded over

Norton Sound (McManus and others, 1977; Nelson and Creager, 1977). The

Holocene marine sediment typically is less than 2 m thick in the region

of the sea-floor craters (see cores 121, 126, 131 in Fig. 2; Nelson and

Creager, 1977).

CRATER AREA CHARACTERISTICS

Crater Morphology and Distribution

Small circular pits occur on the seafloor over a large area of

central and eastern Norton Sound (Fig. 3). These craters range from 1

to 10 m in diameter, average 2 m in diameter, and area probably less

than half a meter deep because their relief is not evident on the

horizon line of sonographs or 200-kHz fathograms (Fig. 4). Neither rims

nor mounds around the craters have been observed on sonographs. Their

absence also is characteristic of other pockmark occurrences (King and

MacLean, 1970; Per Stokke, written communication, 1978). The cross-

sectional shapes of the craters cannot be determined because of the lack

of visible relief in the records. Most of the craters,however, probably

are relatively shallow and flat floored. If they were funnel-shaped,

geometry would dictate depths greater than 0.5 m, and such shapes should

be evident on records. The fairly smooth, concave saucer shape of

craters probably results because (1) after the crater forms the soft

sediment flows from the sides toward the center, and (2) the constant

oscillatory pounding of wave motion on the bottom induces shear failure

in soft sediment (Henkel, 1970), thus causing crater sides to collapse

toward the center of the crater.
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Although we lack side-scan data in the central area of the crater

field, crater density seems to decrease outward from two areas of

greatest concentration in east-central Norton Sound. (Fig. 3).

Concentrations reach a maximum of 134 craters per kilometer of trackline

2or over 5,000 craters/km2; typical concentrations, however, range from

200 to 1000 per km2

Geophysical Characteristics of Crater Areas

High-resolution seismic profiles in Norton Sound are characterized

by parallel horizontal reflectors, commonly with acoustic anomalies

except in the Yukon prodelta area (Figs. 1 and 4). The acoustic

anomalies represent acoustically impenetrable near-surface zones in the

sediment and occur as (1) total termination of subsurface reflectors

with weak or absent multiples (Fig. 4), or (2) hyperbolic forms just

below the surface, replacing normal reflectors, but with strong

multiples. Anomalies range from sporadic features a few meters long to

continuous features several kilometers long. Both types of anomalies

occur throughout the Norton Sound area and in many cases are associated

with specific locations of the small circular craters or pockmarks.

Two possible causes for the acoustic anomalies in Norton Sound are

(1) sharp contrasts in sediment type or (2) presence of gas-charged,

peaty Pleistocene mud. Gravel beds in buried channels may act as a

multifaceted, dense reflector surface and thus create a hyperbolic

anomaly (Nelson and others, 1978). Peat or gas-charged sediment may act

as an acoustic sponge, absorbing all reflective energy because of the

large density difference between gas-rich peat and sediment (Kepkay and
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Barrett, 1977; Schubel and Schiemer, 1973; Keen and Piper, 1976). The

extensive reflector-termination anomalies and occurence of peat with

high gas content in east-central Norton Sound suggest that gas-charged

sediment is a major cause of acoustic anomalies in sediment of the

crater field area.

Organic Geochemical Characteristics of Crater Areas

Low-molecular-weight hydrocarbons (C 1 -C 4 ) (LMWHC) are present in

the sediment of Norton Sound (Table 1). These hydrocarbons may be

generated from microbial degradation (biogenic gas) of organic material

or from thermocatalytic alteration (thermogenic gas) of organic

material. Biogenic gas is usually characterized by C[subscript]1 /C[subscript]2 + C[subscript]3 ratios

greater than 50, C[subscript]1/ C[subscript]1 -C[subscript]4 ratios greater than 0.99, and 13C values

lighter than -50 ‰ (Bernard and others, 1976; Stahl, 1974).

Thermogenic gas usually has C 1 /C 2 + C3 ratios less than 50, C[subscript]1/ C[subscript]1-C[subscript]4

ratios less than 0.95, and 13C values heavier than -500/oo (Bernard and

others, 1976).

Gas chromatographic analysis of the LMWHC in Norton Sound sediment

shows the gas is predominantly methane (>99%) with small amounts of

ethane, ethylene, propane, propylene, and iso- and n-butane (Table 1).

The C[subscript]1 /C[subscript]2 + C[subscript]3 and C[subscript]1/ C[subscript]1-C[subscript]4 ratios (>1000 and >0.99, respectively) and

13C values (-69 to -750/oo) for the gases in these sediments

substantiates that the LMWHC are generated by biogenic processes. High

concentration of organic carbon in the peaty mud (3-7 percent) suggests

that abundant organic material is present for microbial anaerobic

decomposition and methane production to occur.
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The chemical composition and 3C values of the LMWHC (Table 1) in

these sediments rule out the possibility that high methane concentration

in the sediment is related to the thermogenic gas seep in western Norton

Sound reported by Cline and Holmes (1977) and Nelson and others (1978).

Cline (1976) detected relatively high C2 and C3 concentrations in the

water column, yet no methane anomalies were detected in bottom waters or

the gas seep area of central Norton Sound.

Methane content in surface sediment and bottom water is not

anomalous (Fig. 5); subsurface values, however, increaseby several

orders of magnitude in Pleistocene peaty mud in the crater area (see

core locations 121, 125, 131 in Figs. 2 and 3). In samples at the base

of the vibracores in the crater area, measured methane content was very

close to saturation or bubble phase as calculated by the method of

Yamamoto and others (1976). Both Holocene marine and Pleistocene

freshwater sediment contain much less methane in non-crater areas (see

cores 137 and 15 in Figs. 2 and 3).

The variation in organic carbon content correlates with methane

content and may predict the presence of high methane concentration in

the Port Clarence crater area where methane measurements are not

available. In contrast, organic carbon content is significantly lower in

Pleistocene freshwater mud in areas where no craters are found, yet the

basic stratigraphy is similar to that of other crater areas (see 15 in

Fig. 2; Nelson, unpublished data).

RELATIONSHIP OF CRATERS TO SEA-FLOOR GEOLOGY, GEOPHYSICS AND GEOCHEMISTRY

The craters in the northern Bering Sea are very recent features as
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shown by their presence within modern ice-gouge grooves and by the fact

that relict, buried craters have not been observed in seismic profiles

(Fig. 4). Bering shelf craters are found only in areas with a thin (1-3

m) cover of Holocene fine-grained mud, generally Yukon silt (McManus and

others, 1977). Where the mud is thicker, craters and acoustic anomalies

are absent. No craters have been found on the Chirikov Basin seafloor,

which is covered by transgressive gravel and fine sand (Nelson and

Hopkins, 1972; McManus and others, 1977). However, mud-covered swales

between sand ridges off Port Clarence do contain craters (Fig. 2).

The areas of sea-floor craters occur where the near-surface peaty

mud is rich in organic carbon (greater than 3 percent) and

consequently, contains a high quantity of methane. The methane content

is saturated or in bubble phase at many places in the peaty mud of

Norton Sound and thus causes absorptive acoustic anomalies (Schubel and

Schiemer, 1973). The lack of anomalies under some crater areas may be

due to the loss of gas in subsurface sediment through recent outgassing.

Failure to measure methane saturation in crater areas probably is best

explained by loss of gas and pore water during coring and sample

processing of short vibracores without core liners. Methane saturation

was measured in 1978 sediment from samples enclosed in core liners.

Samples in which methane content close to saturation were measured had

been vibrated out of the sea floor and then split. This procedure

exposed them to atmospheric conditions before analysis, and considerable

gas could have escaped. The high methane content remaining at the time

of analysis suggests that the in situ sediment was saturated with

methane, and the high methane content could cause the observed acoustic

anomalies. Because measurements of both organic carbon and methane vary

1] Methane saturation was measured in 1978 sediment from vibracore samples

enclosed in core liners.
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stratigraphically down section and from place to place, it is likely

that in situ variation of organic carbon and bacterial methane

production may in part explain the sporadic occurrence of acoustic

anomalies (Reeburgh and Heggie, 1977).

CRATER GENESIS

All evidence from research elsewhere (Claypool and Kaplan, 1974;

Reeburg and Heggie, 1977) indicates that high methane concentration in

the area studied can result from microbial decomposition of organic

detritus in the subsurface Pleistocene peaty mud. Martens and

Berner(1977) and Martens (1976) have noted that methane concentration

sometimes reaches the saturation point, charging the sediment with gas.

The observed subsurface stratigraphic relations, geochemical

characteristics, and measured geochemical properties of peaty mud all

point to gas venting as the cause of the small surface craters in Norton

Sound. Increased organic content in sediment normally increases water

content and compressibility while decreasing shear strength and density

(Whelan and others, 1976). This effect can be demonstrated in peaty mud

of Norton Sound because the normal downward increase in shear strength

and decrease in water content do not occur in peat zones (Clukey and

others, 1978). These characteristics, together with the. high

compressibillity of peaty mud, increase the chance of gas venting.

Two basic mechanisms for gas venting can be proposed. The first

is that continuous piping or local degassing may maintain craters as

continually active gas vents on the seafloor. The second and favored

hypothesis proposes that gas is intermittently vented, particularly.

under severe storm conditions. In the first case, generally continuous

118



I I
bubbling should be apparent but has never been observed on any seismic

and "bubble detector" profiles. Also, with more or less continuous

degassing, the entire sediment section should generally be

underconsolidated, and it is not (Clukey and others, 1978). Instead,

sediment typically is overconsolidated, as might be expected from

intermittent rapid sediment degassing, collapse, and densification.

Continual degassing should allow the continuous reworking of sediment to

form a crater with a deep funnel-shaped cross section; like those

observed at the active seep site in Norton Sound (Nelson and others,

1978). Continuous sediment disruption by bubbling should result in

elliptical crater shapes (King, Mclean and others) elongated parallel to

the strong east to west directed storm-tide currents of Norton Sound

(Cacchione and Drake). Round shapes, however, prevail in Norton Sound.

Also, continual venting over the large area of Norton Sound should

enrich surface sediment and near-bottom water in methane, but methane is

not enriched (see surface samples in Fig. 5; Cline, 1976).

In contrast to the aforementioned hypothesis, the extremely low

content of gas in overlying Holocene marine sediment compared to that in

the Pleistocene mud (Fig. 5) suggests that gas diffusion to the surface

is slow, even though the sediment is only a few tens of centimeters

thick. This contrast indicates that gas generated in peaty mud will

build up with time and be trapped relatively close to the surface,

particularly throughout northern Norton Sound where pre-transgressive

peaty mud is only thinly buried by Holocene mud." When this gas-

enriched, compressible sediment comes under increased stress from

rapidly fluctuating storm wave pressures, it is likely that gas venting,

sediment collapse, and surface crater formation will occur.
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The presence of the craters and high quantities of methane trapped

beneath marine mud in Norton Sound suggest that gas venting is episodic

rather than by slow diffuson to the surface; diffusion may take place in

the noncohesive sediment of Chirikov Basin. Episodic gas venting on

this extremely shallow shelf is most likely associated with the storms

of this regon. Significant sea-level set-up is common in Norton Sound

(Fathauer, 1975), and the movement of immense amounts of water into the

region should affect bottom-sediment pore pressures. The associated

storm waves can cause rapid fluctuation in wave loading and affect the

seafloor stability. Storm waves also resuspend sediment and may cause

sediment unloading over extensive areas (Nelson and Creager, 1977).

The absence of acoustic anomalies and craters in the Yukon

prodelta area suggests that gas saturation is at a delicate equilibrium

state in subsurface sediment in the crater area. Greater sediment

loading and thickness of the Holocene delta wedge over the Pleistocene

sediment in the prodelta area may prevent subsurface dissolved gas from

reaching bubble phase or venting to the surface, whereas storm wave

loading over thin Holocene sediment in the crater area may trigger gas

releases from Pleistocene sediment.

GEOLOGIC SIGNIFICANCE

Characteristics of craters or pockmarks in the northern Bering Sea

agree with basic observations of these features on other shelves (King

and MacLean, 1970; Offshore Engineer, 1977; Platt, 1977; Josenhaus and

others, 1978). The Bering Sea craters are found in the finest textured

surface sediment in the region which indicates that a sealing surface

unit with fine-grained texture is required to facilitate crater
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formation. The Bering shelf has the greatest number of craters per unit

area and smallest craters described to date compared to other cratered

shelves (Offshore Engineer, 1977). Since Holocene sediment of the

Bering shelf is the thinnest of any crater area observed at present,

observations there correlate with other findings that the thicker the

surface unit is, the larger and fewer are the craters (Josenhaus and

others, 1978). On the Scotian and North Sea continental shelves, crater

formation is thought to be inactive because crater patterns and

lineation appear to be related to deeper structure and because numerous

buried relict pockmarks are found. In contrast, the Bering shelf is an

example of an active system with no apparent correlation to subsurface

structure, only to lithology and present-day biogenic methane formation.

Widespread deposition of organic-rich paralic sediment during the

Pleistocene history of regression, emergence, and transgression over

epicontinental shelf areas suggests that this dynamic process of gas

cratering should be a worldwide phenomenon, particularly where thin

deposits of Holocene mud may form a seal over gas-generating paralic

sediment. Ancient analogs, perhaps indicated by vertical escape

structures and filled craters, should be searched for in the extensive

stratigraphic record of past epicontinental sea deposits.
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Table D-1. Hydrocarbon gas content and carbon isotope ratios of vibracore samples taken
in the gas crater area of north-central Norton Sound.



Figure D-l Index map showing 1976 and 1977

high-resolution seismic profile tracklines and the area without 
acoustic

anomalies.



Figure D-2 Presently known locations of freshwater peaty mud in northeastern
Bering Sea and comparison of organic carbon content and methane content
with normal marine sediment overlying these pre-transgressive deposits.



Figure D-3 Distribution and density of craters on the seafloor of Norton Sound.

Circles show locations of Figure 2 cores 121, 125, and 131 that contain

gas-rich sediment.



Figure D-4 A - Characteristic acoustic anomaly on Uniboom profile.

B - characteristic craters on sonograph associated with

acoustic anomalies, as shown in "A".

C - craters formed within an ice gouge.



Figure D-5 Characteristic CH4 content of sediment samples in Norton Basin.

Average methane content in near-bottom water from Cline, 1976;

calculation of saturation after Yamamoto et al., 1976.



VI. RESULTS

E. GEOLOGIC IMPLICATIONS AND POTENTIAL HAZARDS OF SCOUR DEPRESSIONS
ON BERING SHELF, ALASKA

Matthew C. Larsen, Hans Nelson, and Devin R. Thor

Introduction

Broad (50-150 m) shallow (less than 1 m deep) depressions have been

observed on sonographs from western Norton Sound. The large depressions

described in this paper may result from active sediment scour by strong

near-bottom currents, and appear to be the first reported natural occurrence of

features generated by Seaflume experiments in similar marine muds (Young and Southard,

1978). These features have much greater diameter, more irregular shape, and

flatter bottoms than the small, (3-10 m) more conical craters observed in

eastern Norton Sound (Nelson, Thor, and Sandstrom, 1978). The small conical

craters are associated with seismic acoustic anomalies and high biogenic

methane concentrations. They are caused by gas venting at the sea floor (King

and McLean, 1970; Garrison, 1974; Nelson, Thor and Sandstrom, 1978).

Current scour of large depressions and association with intense ice

gouging (Thor and others, 1978) may be a hazard to the development of

petroleum facilities (Palmer, 1969; Posey, 1971; Demars and others, 1977;

Herbich, 1977) in the Norton Sound area. Such potential geologic hazards are

of concern because Norton Sound is favored for future resource development

(Nelson, Kvenvolden, and Clukey, 1978).

Substrate reconnaissance employing high-resolution profiling, side-scan

sonar reflection, bottom photography, underwater television, sediment-grain-

size analysis, and examination of current dynamics has been undertaken to

determine if large depressions represent areas of intense scour by currents.

This paper describes depressions and their correlation with occurrence of

strong currents, ice gouge furrows, major topographic shoals, and very fine

sand to coarse silt substrate.
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Methods

A total of 4400 km of trackline of E.G. & G. side scan sonar was collected

at a 100 m sweep during the 1976, 1977, and 1978 field seasons in Norton

Sound. High resolution profiling records were collected simultaneously (Thor

and others, 1978). Occurrence, extent, and morphology of probable scour

depressions were mapped from the sonographs (Fig. 1).

One hundred and fifty sediment samples from Norton Sound were analyzed

using rapid settling tubes for the 2 mm to 0.063 mm size fraction and a

hydrophotometer for the 0.044 mm to 0.004 mm range (Jordan and others, 1971;

Nelson, T.A., 1976). Coarse fractions, greater than 2 mm, were dry-sieved and

weighed.

Current observations (within 1 to 5 m of the bottom) were compiled from

previous studies in Norton Sound (Goodman and others, 1942; Fleming and

Heggarty, 1966; Husby, 1969, 1971; McManus and Smyth, 1970; McManus and

others, 1974; Coachman, Aagaard and Trip, 1976; Nelson and Creager, 1977;

Cacchione and Drake, 1978a) and from our own measurements at 50 current meter

stations in this area in 1976 and 1977 (Fig. 1 A). Since the measurements

compiled are temporally unrelated, results for current speeds are fairly

uniform, but current-direction data are conflicting. A map showing mean

current speeds greater than 20 cm/sec was compiled for Norton Sound (Fig. 2);

these data are not presented for Chirikov Basin, where no scour features have

been found.
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At each of 30 stations in Norton Sound, approximately 30 minutes of

underwater television scanning was videotaped and 20 bottom photographs taken

with a 70 mm format black and white still camera. Large-scale features such

as scour depressions could not be seen on videotape or photographs owing to

the limited field of view (40 cm diameter). In addition, turbidity in the

water column was a particular problem in the south-central part of Norton

Sound in areas near the Yukon Delta. The technique of scanning the substrate

with underwater television proved to be effective in examining small-scale

bottom features such as animal burrows, sediment characteristics, and ripple

bedforms. A compass with a vane marked out in centimeters was suspended in

the field of view of the TV camera. Using this as a measuring device, it was

possible to determine ripple wavelength and height.

Morphology of Depressions

Zones of depressions occur in two principal areas of Norton Sound. The

most extensive area is west of the Yukon prodelta, where ice gouging is

commonly associated with shallow depressions (Thor and others, 1978). The

second zone is 50 km southeast of Nome on the western flank of a broad shallow

trough where water depth is greater than 20 m (Fig. 1). Isolated scour also

occurs 10 km west of Stuart Island where sedimentary structures suggest

frequent strong currents (Nelson and Creager, 1977).

Scour features range from individual, more or less elliptical

depressions, 10 to 30 m in diameter, to large areas of scour with irregular

margins, 80 to 150 m in diameter (Fig. 3). Most depressions observed appear

to have very sharp margins with a broad flat bottom between steep walls.

Some locations of observed scour are so extensive that only one margin is

visible as a long sinuous scarp.
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Sonographs over areas with depressions southeast of Nome are of

sufficient quality that relief can be measured on the horizon line of the

sonograph (Fig. 4). Scour in this location is 60 to 80 cm deep. Since side-

scan reflectors at this location are of the same order of magnitude as scour

features at other observed locations, 60 to 80 cm may be a common scour depth

of these depressions in Norton Sound.

Current Regimes and Bottom Character

Regional current direction in the northeastern Bering Sea is to the north

at a mean velocity of 20 to 25 cm/sec (Coachman and others, 1976). Current

speed slows down as water moves through Norton Sound in a counterclockwise

gyre. Tidal movement of water in Norton Sound is east-west (Cacchione and

Drake 1978a). The highest non-storm velocities, 30 cm/sec, have been measured

during spring tidal cycles (Cacchione and Drake, 1978a) in 80 days of

continuous measurement taken within 1 m of the bottom by the GEOPROBE

instrument (Cacchione and Drake, 1978b) (see Fig. 2 for location). The

maximum current speed measured was 70 cm/sec, recorded during an

autumn storm of 2 to 3 days duration (Cacchione and Drake, 1978a). Storm-wave

components contributed a major part of maximum current speeds observed at this

time.

Normal bottom-current speeds under non-storm conditions are between 5 and

10 cm/sec in eastern Norton Sound. Current speeds increase toward the center

of the sound and are greatest at the west end. Bottom-current speeds in scour

areas on the Yukon prodelta and in the trough area southeast of Nome (Fig. 2)

range from 10 to 35 cm/sec during non-storm conditions. The mean bottom-

current speed in both scour areas is about 20 cm/sec (Fig. 2).
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Well-developed ripples occur in both major scour areas. Ripples in scour

areas on the prodelta and south of Nome are asymmetric; wavelength is 10 to 15

cm, height, 3 to 5 cm. Photographs in non-scour areas reveal only a flat

fine-grained substrate with no visible bedforms.

Sediment grain size in Norton Sound ranges from very fine sand to fine

silt (Fig. 5). The mean size over the central area containing most

depressions is relatively homogeneous and ranges from very fine sand to coarse

silt. Sediment in the southwestern area of depressions in Norton Sound is

finer grained and is derived entirely from the Yukon River (McManus and

others, 1974, 1977). Prodelta sediment is 25 to 50 percent sand, 40 to 70

percent silt, and less than 20 percent clay (Clukey and others, 1978); mean

grain size is 0.044 mm (4.5 phi). Sediment in the trough southeast of Nome is

typified by coarser grain size. Sediment from Seward Peninsula sources is 65

to 78 percent sand, 20 to 30 percent silt, and less than 8 percent clay. Mean

grain size, 0.058 mm (4.2 phi), is slightly coarser than for southwestern

-prodelta sediment. Sediment near the delta shoreline and in Chirikov Basin,

gravel to fine sand, is much coarser grained than that found in scour areas of

Norton Sound. Fine silt of easternmost Norton Sound contains no areas of

scour depressions.

Depressions in northern Norton Sound are on a slope at the edge of a

shallow east-west-trending trough (Fig. 1). Ebbing tidal currents may be

concentrated on the western face of the trough, owing to east-west motion of

tidal-water masses; strong currents generated by receding water of storm-surge

set up in Norton Sound (Fathauer, 1975; Nelson and
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Creager, 1977) may focus on the northwestern face of the trough. On both of

these topographic slopes, small-scale ripple forms indicate stronger current

speeds compared to areas of Norton Sound where ripples are absent.

Sediment liquefaction and failure may occur on slopes such as these and

consequent development of scarps may trigger flow

separation and formation of depressions. One scarp has been observed in

association with a depression in this area (see Fig. 3A); no other features

related to sediment failure such as downslope bulges are apparent. The

depressions here have a steep vertical face around their entire margins.

Depressions on the west edge of the Yukon prodelta are on a gradual slope

of less than 0.50 (Fig. 1). Although sediment failure may occur in this area,

the predominance of ice gouging makes it difficult to judge the role of

sediment failure in forming or initiating depressions; most depressions appear

as completely enclosed features and are associated with outgrowths of original

ice gouge furrows (Fig. 3).

The west-facing slope of the prodelta can focus wave energy and projects

into Sphanberg Strait. Here it is exposed to north-trending currents that are

intensified on the right side of the strait, apparently because of the

Coriolis Force Coachman, Aagaard, and Trip, 1976). These intensified currents

have sheared against the western part of the prodelta, limiting progradation;

a steeper offshore gradient has developed there than on other parts of the

prodelta.

Ice gouges commonly expand into large shallow depressions in the western

area of the Yukon prodelta, where strong bottom-current shear occurs. More

than half of the depressions observed in sonographs taken in Norton Sound are

associated with ice gouging. Gouge-furrow width ranges from 5 to 60 m; gouge

width of 15 to 25 m predominates (Thor and others, 1978). Gouge depth to 1 m
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has been observed but 0.25-0.50 m is the average. Most gouging in the

northern Bering Sea occurs in water depths of 10-20 m. The highest

concentration of ice-gouge furrows is north and west of the Yukon delta, where

there are 5.5 per km of trackline. Northwestern Norton Sound has a lower

concentration of gouge furrows, 0.5 per km of trackline.

Genesis of depressions

Depressions are associated with a substrate of specific grain size,

strong bottom current regimes, local morphologic obstructions, and topographic

shoals. Flume experiments in finesand and silt have shown that currents flowing over

an obstruction will erode material immediately behind the obstruction

(Southard and Dingler, 1971; Southard, 1977; Young and Southard, 1978). As

with development of bedforms in fine sand, disruption of a flat sandy-silt

bottom by gouging apparently provides a similar mechanism for initiating

downstream scour. Once the irregularities in the substrate and the current

speeds of storn conditions develop, flow may separate over the disruption; the

resulting eddy can erode sediment to a certain depth and distance downstream

(Young and Southard, 1978). Small-scale ripples are the only bedforms that

have been observed to form in the grain size ranges (3.5-5 phi,

0.088-0.031 mm) that are present in much of Norton Sound (Harms and others,

1975; Middleton and Southard, 1977). The large scour depressions we observe

may be a characteristic erosional bedform response developed during storms

when strong current and wave energy is focused on silt-covered slopes with

local topographic obstructions.
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In Chirikov Basin, where generally stronger current regimes and coarser

grain size exist (0.50 mm to 0.088 mm, 1 to 3.5 phi), the bedform response on

the sea floor is characterized by fields of large-scale sand waves and sand

lineations (Nelson, 1977a; Nelson and others, 1977; Field and others, 1977).

The only similar scour described for sandy areas is in the form of regularly-

shaped comet marks scoured downstream from solitary boulders that disrupt

current flow (Werner and Newton, 1975).

Depressions in Norton Sound all occur in areas covered by Holocene silt

(McManus and others, 1974, 1977), but the grain size, 0.044 mm to 0.063 mm

(4.0 to 4.5 phi), is slightly coarser in depression areas than in the central

or eastern regions of Norton Sound where grain size ranges from 0.044 mm to

0.031 mm (4.5 to 5 phi) (Fig. 5). This again shows that areas containing

depressions are associated with locations of strongest current regime in

Norton Sound (Fig. 2). It also points out that potentially more cohesive,

finer grained silt in eastern Norton Sound is not associated with scour

depressions.

Evidence at the GEOPROBE site, just west of the northern set of

depressions in similar silt-size sediment (Fig. 2), shows that critical shear

velocities are seldom exceeded under the normal current regime of the region

(Cacchione and Drake, 1978a). During storms, current velocities are doubled

and large amounts of suspended sediment are detected by the GEOPROBE

transmissometer and nephelometer. Since the GEOPROBE site is apparently

representative of the general oceanographic conditions in western Norton

Sound, we infer that storm conditions provide an adequate mechanism for

intense scour of Yukon silt deposits and formation of large-scale scour

depressions.
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The GEOPROBE site differs from areas of scour in regional topography and

incidence of ice gouging. It is located in a broad flat area of the Norton

Sound floor where no shoals or troughs constrict movements of bottom

currents. Occurrence of ice-gouge furrows in this area is low to moderate

(Thor and others, 1978), thereby reducing the possibility of scour initiation

by localized obstruction.

The broad, flat-bottomed steep-walled nature of scour depressions

suggests a temporary base-level control to erosion. In north-central Norton

Sound, erosion occurs through a thin (0.2-1 m) coarse marine silt apparently

down to underlying more cohesive Pleistocene fresh-water peaty mud that may

provide a flat-floor resistant to erosion (Nelson and Creager, 1977; Clukey

and others, 1978). In prodelta scour areas, this Pleistocene mud is buried by

as much as 8 to 10 m of Holocene silt (Nelson and Creager, 1977) containing

intercalated storm-sand layers that thicken toward the shore of the modern

Yukon subdelta (Nelson, 1977b). In a scour depression, upper sand layers may

be completely eroded to an underlying depositional surface of more cohesive

silt that could form a temporary base level, and the depth of this base level

could determine the flat-floored depth of scour in these depressions.

Potential Geologic Hazards in Scour Areas

Synergistic effects of strong bottom currents from storms and ice gouging

that trigger scouring of large depressions in Yukon silt suggest that a

potential geologic hazard may exist for offshore development of pipelines and

gravity structures in Norton Sound. Current scour is a known problem along

routes of subsea pipelines because it can expose and leave lengths of

pipeline unsupported (Demars and others, 1977). Extensive undermining of

pipelines poses serious risks of stress and structural damage.
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Gravity structures are used in shallow-water areas of well-consolidated

undersea sediments such as occur in Norton Sound and the North Sea (Gerwick,

1976). Gravity structures are stable by virtue of their large mass and broad

base (approximately 20 m in diameter), which gives them a low center of

gravity. Problems in gravity-structure stability arise from differential

settling of sediment at the base that can be initiated by compaction of poorly

consolidated substrate material, or loss of substrate support by current scour

(Wilson and Able, 1973; Palmer, 1976).

Two types of current-scour, initiated by an artificial obstruction on the

sea floor, have been documented by Posey (1971) to occur around the base of a

drilling platform offshore of Padre Island, Texas. One type, called the

"bridge pier" type, is a cone-shaped hole localized in the sea bed around

individual piers of the structure. The second type, more extensive, is

similar in dimension to Norton Sound scour depressions; it appears as a broad

(50 m) shallow (2-3 m) depression eroding in a matter of minutes to hours

under the entire platform base.

Because disruption of natural flow of storm-derived currents over Yukon

sediment seems to set off widespread intense scour, it is apparent that, in

the areas of scour depressions delineated to this time (Fig. 2), any

artificial structure on the sea floor may trigger the same type of large-scale

scour around the disrupting structure (Palmer, 1970; Posey, 1971).
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Figure E-l A. Location of high-resolution geophysical and side- scan

sonar tracklines.

B. Northern Bering Sea bathymetry in 4 m contour intervals
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Figure E-2 Location of scour depressions, extensive scour and ripple zones,
and strongest bottom currents in Norton Sound. Geoprobe instrument
measured current velocities.



Figure E-3 Side-scan scnograph examples of scour features. A and B are

examples of individual depressions. C, D, and E show large scour zones.
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Figure E-4 Example of large scour zone (location keyed on Fig. 2). B is an

expanded version of A. Arrows point to scarps defining scour

margins crossed by sonograph horizon line.
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Figure E-5 Contour map of sediment-grain-size distribution in mean phi 
in

Norton Sound. Values represent first-moment calculation at each

station. Sediment samples were taken on a 5 to 10 km grid

spacing.
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IX. NEEDS FOR FURTHER STUDY AND WORK IN PROGRESS

Projected studies include the use of an in situ flume to investigate the
interaction between bottom currents and sediment. Quantitative data obtained from
this type of investigation is crucial to a further understanding of erosion and
depostion hazards. More detailed information can be collected with the use of
in situ diver-operated sampling devices. Discreet sampling of geotechnical, geo-
chemical, and sedimentological properties of the seafloor on targets such as
ice-gouges, scour depressions, and biogenic gas-craters is an important aspect of
hazards study that should be attempted.

A safer and more effective method of discreet seafloor sampling could be
achieved with the use of a submersible. SCUBA diving reconnaissance attempted
in 1978 proved to be hazardous due to conditions of high turbidity
and high current speeds. A submersible would enable greater manueverability,
longer bottom time and safer conditions for the sampler/observer.

The R/V KARLUK cruise, K1-78-BS, obtained new data in Norton Sound. With
a draft of only one meter, the R/V KARLUK was able to sample areas that are too
shallow for our large research vessels. In the area of the Yukon Delta, 420 km
of side-scan sonar, 480 km of 7 & 200 kHz and 400 km of Uniboom were run. A total
of 22 vibracores and 6 grab samples were collected on three separate traverses
offshore of the delta. These data will be analysed and integrated into the Final
Report at the end of 1979.

Data currently being analysed include sediment grain size, organic carbon
percents, radiocarbon dates, paleontology and geotechnical properties. UTM pro-
jection base maps will be used to show the following data:

1. Geologic map showing physiographic zones and distribution of surface
sediment type (gravel, sand, silt, and clay).

2. Isopach of Holocene sediment and areas of filled channels indicating
areas of potentially thixotropic sediment.

3. Maps of relative sediment stability: gas craters, thermogenic gas
seeps, areas of gas-charged sediment (thermogenic and biogenic), and discussions
on geochemistry of gas-charged sediment.

4. Maps of intense bottom activity: scour depressions, mobile bedforms,
ice gouging, and storm sand layers.

5. Map showing surface and subsurface faulting.

6. Generalized hazards maps combining all data.

NOAA is planning the emplacement of year long current meters in the northern
Bering Sea starting in the 1979 field season. Data collected from these meters
will be integrated into our own data files.
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I. SUMMARY: OBJECTIVES, CONCLUSIONS AND IMPLICATIONS FOR OIL AND GAS

DEVELOPMENTS

The objectives under the present study are to evaluate the extent

of seismic hazards posed by earthquakes in northern and western Alaska.

The consideration of all available seismic data for the Arctic region

shows that the earthquakes do not distribute randomly in space but tend

to concentrate along zones which were reactivated in the geologic past.

The modern seismicity of the Canadian coast and its continuation

through Barter Island in northeast Alaska and then along the thrust zone

of the Brooks Range, has been interpreted as an active regional intraplate

tectonic zone. The reactivation of this zone continues to the present.

In view of these observations, it is premature to assign an upper bound

for the magnitude of future earthquakes along this zone from a data base

of ten years or so. However, the trends in the available data appear to

be sufficient in attributing the areas lying north of the thrust zone of

the Brooks Range, including the Colville Geosyncline and Alaskan Beaufort

Sea to the west of 147°W as being predominantly aseismic.

The dense clustering of earthquakes around the Kobuk trench and

Porcupine fault indicates that these two structures are active. Thus,

linear structures, like pipelines, used for transportation of oil and

gas through the eastern part of Brooks Range and Chandalar and Yukon

River basins should take into account the possibility of ground dis-

locations, perhaps by a significant amount over a period of time, at

points of mapped fault crossings.

In the western part of Alaska, around the Seward Peninsula, analysis

of the data gathered to date indicates a higher level of seismicity than

was recognized prior to this study. This phenomenon appears to be common
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to both offshore and onshore areas. A number of distinct seismic trends

could be identified which closely follow the mapped traces 
of geologic

structures. Most of these structures are faults.

The investigation of icequakes has continued. Despite unusually

warmer weather conditions during 1978, which resulted in 
a thin sheet of

sea ice formations, one swarm of icequakes was successfully 
recorded

during February of 1978 by the 3-component station at 
Kotzebue. The

analysis of these data is in progress.

II. INTRODUCTION

A. General Nature and Scope of Study

This report describes seismicity studies in the northern and

western parts of Alaska. The outline of the study area is shown by

heavy lines in Figure 1. The locations of the epicenters of earthquakes

shown this figure were compiled by Meyers (1976) from the 
Alaskan earthquake

catalog of the United States Geological Survey. The data represent the

time period from 1786 to 1974.

The spatial distribution of earthquakes in Figure 1 shows that the

active central Alaska seismic zone extends up to about 66°N. 
However,

an isolated zone of seismic activity is seen to occur around 
Barter

Island in the Beaufort Sea.

In the western part of Alaska, particularly west of 154°W, 
the

earthquakes are sparsely distributed with some concentration 
northwest

of a point lying near 660N and 156°W. Further west, around Seward

Peninsula, all earthquakes in the Meyer catalog of magnitude equal

to and greater than 4.0 are shown in Figure 2. It is seen in this
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figure that during the past 30 years, a number of earthquakes of

magnitude greater than 5.0 occurred in this area, which indicates that

this part of Alaska is moderately active. The rest of the study area

shown in Figure 1 may be classified as an area of low seismicity.

However, it was the intent of the present study to more closely define

the characteristics of the seismicity of northern and western Alaska by

the operation of carefully spaced seismographic networks.

B. Scientific Objectives

The specific objectives of the seismological studies for the study

areas are the following:

(i) To determine the spatial and temporal characteristics

of the seismicity, and its relationship to mapped tectonic features.

(ii) To determine the predominant failure mechanisms associated

with the earthquakes located along or near the known geological features

or trends.

(iii) To determine magnitudes, and if possible, recurrence rates

of strong earthquakes in the respective areas for use in projections

as to possible activity in the future.

(iv) To determine the characteristics of velocity spectra and

seismic energy attenuation as functions of epicentral distance.

(v) To synthesize results of studies under (i)-(iv) in order

to integrate the seismotectonic settings of the study areas with the

overall tectonic framework of Alaska.
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C. Relevance to Problems of Petroleum Development

It has been well established that hydrocarbons 
in commercial quantities

occur in onshore and offshore areas of 
the Beaufort Sea. Large scale

exploration programs for hydrocarbon concentrations, 
and their eventual

development in areas adjoining the proven 
reserves, are a certainty in

the near future. Consequently, the evaluation of the level 
of seismicity

for these areas is a logical undertaking 
to assist in the planning and

design of future construction projects.

Similar development, planning, and construction 
in the potentially

oil-rich areas of the western Alaskan continental 
shelf is not as far

advanced as that along the northern coast 
of the state. Results obtained

thus far in this part of the state, however, 
indicate that the level

of seismicity is much higher than previously 
thought. To establish this

finding within desirable bounds of precision 
will require a data base

which can only be obtained by the operation 
of a localized, hiqh-

resolution Seismographic network for a reasonable 
length of time.

III. CURRENT STATE OF KNOWLEDGE

A. Northern Alaska

As mentioned earlier, it appears from past data 
that seismic

activity along the Beaufort Sea Coast (west 
of 140°W) tend to con-

centrate in and around Barter Island. Also, this active zone appeared

to be isolated from the rest of the central 
Alaskan active zones. However,

results obtained since the inception of the 
present study have shown

(Gedney, et al., 1977; Biswas, et al., 1977; Biswas and Gedney, 1978)
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that this zone is actually on a northward extension of the central Alaskan

zone of shallow seismicity. Earthquakes in the latter zone, as shown by

Bhattacharya and Biswas (1979), are a direct consequence of lithospheric

plate subduction. This phenomenon results in normal and strike-slip

faulting (Estes, et al., 1978; Bhattacharya and Biswas, 1979; Huang, 1979)

at earthquake foci in the depth interval of 0-60 km, and under-

thrusting at greater depth. It is difficult, however, to invoke

this phenomenon as being the immediate cause of earthquakes in

northeast and western Alaska, both areas being more than 400 km distant

from the Alaskan subduction zone. It thus appears that a more indirect

association must be at work relating the activity of the three seismic

regions which are generally contiguous in extent and contemporaneous in

time.

The largest earthquake reliably recorded in northeast Alaska during

the past decade had a magnitude (ML) of 5.3 and was located about 30 km

north of Barter Island on the Beaufort Sea shelf. Since the emplacement

of the local seismographic network, however, we have found that a great

many more earthquakes over a wider magnitude range occur here than earlier

data have revealed. During about a two and a half year recording period

(January 1976 through August 1978), locatable events ranged approximately

from 1.0 to 4.0 in magnitude, and many others occurred which were non-

locatable due to equipment outages or low magnitude.

B. Western Alaska

The largest earthquake to have been instrumentally documented in

western Alaska occurred about 30 km inland from the northern coast of
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Norton Sound in 1950, and was of magnitude 
6.5. Since then, recording

at stations remote from the area has 
failed to reveal any further

significant seismic activity. This is shown in Figure 2. However, the

present study with the localized network 
demonstrates clearly that the

area is still active, and points out a 
north-south distribution of

epicenters passing through the area of 
the 1950 earthquake. In addition,

earthquakes located during a two-year 
period (1977-78) spread widely

throughout the entire area, including 
both Norton and Kotzebue Sounds.

Most significantly, there are a number 
of instances where earthquake

clusters are found to lie along, or parallel 
to mapped faults or linear

structural trends. Earthquakes recorded during 1978 ranged 
in magnitude

from 1.0 to 4.5.

IV. STUDY AREA, SOURCES, METHODS AND RATIONALE 
OF DATA COLLECTION

Although the study area as shown in Figure 
1 is relatively large,

the seismographic coverage used, particularly 
for the section east of

155°W, may be considered satisfactory. 
The locations of the stations

in this part of Alaska are shown by hollow triangles in Figure 3 and

their system gains (peak at period 0.2 
sec) are given in Table 1. Also,

in the same figure, the layout for a temporary 
network comprising five

stations around Prudhoe Bay (Camden Basin) 
is shown by hollow circles.

The data from this array will be recorded locally at Prudhoe Bay, and

these will be analyzed primarily to obtain attenuation 
factors of seismic

waves through the propagation medium.

The seismic attenuation properties of 
ground motions as a function

of epicentral distance are important parameters 
needed for design

engineering information. Because of the station layout (located 
mostly
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in metamorphic terrane) around Barter Island, the attenuation character-

istics of sedimentary sections (features of immediate interest for

OCSEAP studies) could not be provided from the available data. However,

it is anticipated that land-based measurements of attenuation values

to be obtained by the temporary network will provide some measures of

this important seismic parameter.

The operation of the four-station array around Barter Island

was discontinued in August, 1978, partly due to the high cost of data

telemetry. However, the operation of the Fort Yukon array has been

continued with partial support (yearly field service of stations) from

OCSEAP. Earthquakes located by this array are helping to refine the

seismotectonic model of northern Alaska and will be utilized for the

attenuation studies around Camden Bay mentioned earlier.

The location of the seismographic stations around Norton and

Kotzebue Sounds are shown in Figure 4 and their system gains (peak

at period 0.2 sec) are given in Table 2. With the exception of one

station at Kotzebue which is three-component, the rest of the stations

of this array are single-component (vertical) stations. In addition

to these, a new one-component (vertical) station has been installed

at Pt. Barrow during the early part of March, 1979 in cooperation with

NOAA. The data from this station is telemetered to the Geophysical

Institute at Fairbanks via a satellite circuit leased by the Palmer

Alaska Tsunami Warning Center of NOAA. The primary objective for the

operation of this station is to resolve the questions of possible low

level seismic activity in the western part of the Beaufort Sea and

Colville geosyncline, and in adjoining areas of Chukchi Sea.

From August 1978 (stations serviced) to the present, the signal-

to-noise levels of the seismic signals of this network have been
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improved greatly, and the station outages 
could be reduced considerably

compared to 1977. However, one of the stations of the network 
at Granite

Mountain (GMA), operated by the Palmer Observatory 
of NOAA, had to be

closed around April 1978 due to the closure 
of the U.S. Air Force

facilities at this site. Through a mutual agreement, the NOAA observatory

has installed a one-component (vertical) 
station at our site at Anvil

Mountain (ANV) in the Nome area. This has allowed us to move and install

a new station at Candle (CDL) as a partial 
substitution for the station

at Granite Mountain (GMA). It should be mentioned that GMA was the 
only

station which provided seismographic coverage 
on the eastern side of

the study area.

It can be seen in Figures 3 and 4 that 
the seismographic coverage

of the study area consists of land-based 
stations. Aside from the

obvious impracticality of employing ocean-bottom 
seismometers due to

high cost, there are other reasons for 
utilizing land-based seismographic

networks in what is largely meant to be 
an assessment of offshore

seismic hazards.

Crustal earthquakes commonly migrate with 
time along a fault or

fault system. This means that if a given section of an 
active fault

yields (resulting in an earthquake), then at a later time a somewhat

distant point of the same fault may yield 
to accumulated stresses.

This points to the necessity of providing 
seismographic coverage over

a relatively larger area. It may be noted, as discussed in later

sections, that the study area is predominantly 
characterized by crustal

earthquakes.

In addition to the factors mentioned above, 
local ground failures

along active faults and their trends, although 
they may appear as a
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localized phenomenon, are intimately related to the regional seismo-

tectonic setting. Thus, for appropriate assessment of seismic hazards

for an area, it is imperative to integrate the area into the regional

tectonic picture. In view of this, the stations of the networks were

distributed on a near-regional scale, providing the capability to

locate earthquakes of magnitude as low as 1.0 occurring within the

area of interest.

Details of the stations, the equipment used at the field and

recording sites, and the mode of data telemetry to the Geophysical

Institute at Fairbanks are discussed in detail elsewhere (Biswas

et al., 1977) and will not be repeated here. However, it should be

mentioned that to avoid the ever-increasing cost (usually 90 percent of

the allocated budget) of leasing microwave circuits for data telemetry,

arrangements are in the final stages to begin recording data for the

western network at Nome on the Seward Peninsula.

V. RESULTS

A. Northern Alaska

The earthquake data compiled for this study consists of all locatable

earthquakes which occurred north of 66°N latitude in Alaska during

the ten-year period from January 1968 to December 1978. The data

collected prior to 1968 were found incomplete and poorly representative

for this part of Alaska, due to a lack of seismographic coverage. Con-

sequently, these data were excluded for this study.

Data from two principal sources, namely, the northern and central

Alaska seismographic networks of the Geophysical Institute, and the regional
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seismographic network of Canada were used in the compilation 
mentioned

above. For the periods from 1968 to 1973 (both years inclusive), 
the

best available data are those collected by the Canadian 
network. This

information has been compiled from eight Canadian 
annual catalogs

(Stevens et al., 1976; Horner et al., 1974, 1975, and 1976; Bashman

et al., 1977a; Wetmiller, 1976 and 1977). Locations are numerical

solutions computed by a least-squares method utilizing 
a one-layer crustal

model 36 km in thickness, and hypocentral depths were constrained 
to

mid-layer (18 km). In some cases, the Canadians supplemented their

network data with central Alaskan data in the location 
process.

A majority of the earthquakes listed in Canadian 
catalogs for

northern Alaska fall in the magnitude range from 3.0 to 4.0. A general

estimate of errors in location of the epicenters is 
on the order of + 100 km

(Bashman, et al., 1977b). It was also noted that the standard deviations

([sigma]) of the travel time residuals generally run greater than 1.0 sec

(Biswas and Gedney, 1978). These factors indicate the detection

threshold and location precision for earthquakes located 
in

northeast Alaska by the Canadian network.

During 1974 and 1975, routine data reduction procedures 
utilizing

the basic central Alaskan network located a number of 
earthquakes on the

southern edge of the study area. None were located north of 67
0N. This,

plus the factors mentioned above, indicate the limitations 
of locating

earthquakes in northeast Alaska by the central Alaskan network or Canadian

network or a combination of both. These limitations are due to the

inherent network configuration and minimum station distances 
([approximately equals] 200 km)

from the source area.
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Since the installation of the Barter Island and Fort Yukon arrays

in late 1975, many earthquakes have been located in northeast Alaska.

The preliminary location details of these earthquakes were given by

Biswas et al. (1977) and Biswas and Gedney (1978). Data for all

earthquakes having [sigma] greater than 1.5 sec and located north of 660N

latitude during 1974 and 1975 by the central Alaskan network, and

by the Barter Island and Fort Yukon arrays from January 1976 to December

1977, were rescaled and relocated to prepare a final list, particularly

for the northeast area. This list is given in Table 3. In this table,

the earthquakes located by the Barter Island network during 1978 prior

to the closure of this network and nine earthquakes located during 1974

and 1975 by the Canadian network are also included.

All solutions in Table 3 are based on a weighted least squares

minimization technique. The details of the computer program are given

by Lee and Lahr (1975); the P-wave velocity structure used in the

location process is given elsewhere (Biswas et al., 1977). The symbols

NO, GAP, DMIN, RMS and ERH refer, respectively, to the number of station

readings used to locate each earthquake, largest azimuthal difference

between stations with respect to the epicenter, distance of the epicenter

from the nearest station, the root mean square of travel time residuals

([sigma]), and the standard error in epicenter location.

In the initial computer runs, all focal parameters were allowed to

vary. The results indicated that focal depths ranged between the surface

and about 20 km for 90 percent or more of the events. In subsequent

computer runs, focal depths were thus constrained to 10 km to eliminate

one degree of freedom in the location problem.
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A plot of the epicenters of earthquakes 
compiled for the ten-year

period, including those given in 
Table 3, is shown in Figure 5. 

In

this plot, the earthquakes were not 
sorted according to magnitude.

However, it should be noted that their 
magnitudes range from about

0.5 to 5.3, with the strongest one (5.3) 
being located about 30 km

offshore of Barter Island in 1968. 
A significant number of events have

magnitudes between 4.0 to 5.0. Since the complete list of earthquakes

shown in Figure 5 is relatively long, 
it is not included in this report.

But the list is to be copied on magnetic 
tape in OCSEAP compatible format

for submission to the Data Center 
soon. The tectonic implications of the

seismicity patterns as seen in Figure 
5 are discussed in later sections.

B. Western Alaska

This study area is relatively large 
and the seismographic coverage

attained so far for this section 
of Alaska is not satisfactory.

This limitation being understood, 
the location of all earthquakes

in this area during 1978 has been 
maintained up to date. Compared with

1977, more events could be recorded 
and located during 1978. The location

details of the locatable earthquakes 
occurring during 1978 are given

in Table 4. The symbols used for the heading of 
each column represent

the same quantities as in Table 3.

As was done for the northeast sector, 
the scaled data were initially

processed for free solutions (all focal parameters allowed to vary).

The results showed that hypocentral 
depths generally ranged between the

surface and 20 km, which implies that 
the seismicity of the area is pre-

dominantly characterized by crustal 
earthquakes. Thus, in subsequent computer
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runs, we constrained the focal depths here, also, to 10 km. The velocity

structure used was also the same as that used for the northeast Alaska.

The resulting plot of epicenters is shown in Figure 6. In this plot,

the 1978 data were supplemented with those of the previous year (1977).

In Table 6, it can be seen that the values of a are generally less than

1.0 sec. However, despite fixing the focal depths to 10 km, a number

of earthquakes show significant uncertainties in locations. It is

anticipated that the errors associated with the locations of these

events can be reduced by rescaling the raw data as has been done for the

northeast Alaska. This will be taken up in the near future for sub-

missions to the OCSEAP Data Center.

VI. DISCUSSION

A. Northern Alaska

(i) Spatial Characteristics of Seismicity

To relate the epicentral locations of earthquakes determined in this

study to known tectonic elements, all earthquakes shown in Figure 5

are plotted on an overlay of structural trends (Figure 3, Grantz et al.,

1976) in northern Alaska. These are shown in Figure 7. The offshore

traces of these structures were mapped by the above authors using marine

geophysical methods.

Figure 3 of Grantz et al., was enlarged photographically by a

factor of about 10, and the structural traces were digitized at close

intervals. These data were then converted to the same projection and
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linear scale as was used to plot the epicenters 
shown in Figure 7.

This figure should not be used to correlate individual 
earthquakes with

particular structures, since all locatable earthquakes occurring during

a ten-year period (1968-1978), regardless of the 
order of error in their

epicentral locations, have been retained in this figure. 
However, on a

regional scale it illustrates the relationships between 
the general trends

of seismicity and structures.

It can be seen (Figure 7) that the earthquakes 
are not distributed

randomly in space, but tend to align approximately 
in a northeast-

southwest direction. Further south of 66
0 N (not shown in Figure 7),

this epicentral trend merges smoothly to that of 
the highly to moderately

active zones of central Alaska. Scattered activity extends generally

westward, except for a distinct linear cluster 
which trends NNW-SSE

immediately to the west of Kobuk trench. Although available structural

maps (geological) do not show any tectonic feature having the same

trend on or around this cluster, the seismic data 
appear to indicate

an active fault. Results of detailed study of this feature will be

reported elsewhere.

From Cape Lisburne to about 148
0 W, the available data indicate that

the northern limit of Alaskan seismicity is approximately 
marked by the

thrust zone of Brooks Range. Further east of 148°W, this boundary turns

to the northeast, and is marked by the interface 
between Romanzoff

Mountain and Camden Basin.

In the offshore area, the active zone extends to 
about 20-30 km

north of Barter Island. It should be noted that the epicentral concentration

in this area is that resulting from a magnitude 
5.3 earthquake in 1968
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and its aftershocks. This cluster aligns parallel to the axes of

anticlines and synclines in a northeast-southwest direction. An attempt

to study the focal mechanism of this earthquake from short-period data

of the World Wide Standard Seismographic Network (WWSSN) was unsuccessful.

However, it is important to find the nature of the stress field in order

to be able to relate the seismicity to regional tectonics. It is planned

to use long period data to resolve this problem. Until then, the

apparent causal relationship between folded structures and earthquakes

must remain a matter of conjecture.

Along the Romanzoff Mountains, the epicenters scatter considerably

with some lying on structural traces. The overall distribution is so

diffused that it is not possible with the available data to identify

which fault or faults are active at present. Further south, however, the

epicentral concentration increases notably, particularly along the Kobuk

trench and Porcupine fault, which appears to indicate that these two

structures are quite active at present. Studies of focal mechanisms

along this cluster are in progress.

(ii) Relationships Between Seismicity and Regional Tectonics

In order to integrate the observed seismicity of northern Alaska

to the regional tectonic framework, a simultaneous consideration of

all known tectonic features of the Arctic region is imperative. This

is beyond the scope of this report. However, we will refer to some

specific features of the Arctic region.

The composite of seismicity and tectonic features prepared by

Basham et al. (1977) for northern Canada is shown in Figure 8. In
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this figure, the approximate direction of principal 
stresses derived

by Hasegawa (1977), Leblame and Wetmiller 
(1974a) and Sykes and Sbar

(1974) are also shown. The trends of seismicity in Siberian Arctic

and around Greenland is shown in Figure 9. 
The epicentral plot of this

figure was compiled by Tarr (1970) from data 
gathered by U.S. Geological

Survey (PDE) from 1961 to 1969. A comparison between this figure and

Figure 7 and 8 shows that the epicentral distribution of Figure 
9

represents partially the nature of the seismicity 
in northern Alaska

and northern Canada. However, it illustrates well the trends of the

Nansen Ridge (also called Gakkel Ridge) and North 
Atlantic Ridges of

the polar region, besides others on the south.

On a global scale, earthquakes tend to concentrate 
along accreting

or converging plate boundaries (Le Pichon, et al., 1973) due to the

relative motions between the plates. In addition to these, within a

number of continental blocks (for example, northern 
and western Alaska,

northern Canada, to name a few), frequently 
earthquakes of all magnitudes

(large and small) are located in areas remote from the nearest 
plate

boundaries. Sykes (1978) studied on a worldwide scale the relationships

between these intraplate earthquakes and preexisting 
zones of weakness,

namely, faults, organic belts and alkaline 
volcanism in the context of

plate tectonics. One of his observations of special significance for

the present study is that intraplate seismicity 
tends to concentrate

either near the ends of major oceanic transform 
faults along pre-existing

zones of deformation or along faults of old 
fold belts within the continents.

He also observed that the pre-existing faults 
generally trend either

parallel or transverse to modern continental margins.
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In the Arctic region, from seismicity studies (Heezen and Ewing,

1961; Sykes, 1965, 1967; Tarr, 1970) the Nansen Ridge has been identified as

the modern accreting plate boundary. Its inland expression through the

eastern part of Siberia as inferred by others (Sykes, 1965; Le Pichon,

et al., 1973) is shown by broken line A B C in Figure 9. This trend,

though, may not have any immediate relevance due to its remoteness with

respect to the study area, it is shown in Figure 9 for the sake of

completeness.

In the north, near the northeast corner of Greenland, the Nansen

Ridge joins the North Atlantic Ridge by an offset section, labelled

DE in Figure 9. This well-defined ridge system marks the boundary

between the well known Eurasian plate on the west and the American

plate on the east.

Along the offset section DE, the current directions of principal

stresses are not known, due to a lack of focal mechanism studies. However,

if we extend DE along its trend in the southwest direction, it approximately

follows the 1000-2000 m isobath of the Canadian shelf and intersects the

continental margin near 70°N and 140°W. From this point, two well defined

seismic zones extend inland. Both of these zones trend transversely to

the continental margin. One follows the highly faulted zone along Peel

River (Figure 8) in Yukon Territory of Canada and the other along

Romanzoff Mountains (Figure 7) in northeast Alaska. Further south,

this latter zone turns westward and follows the thrust zone of Brooks

Range, approximately, paralleling NE continental margin of northern Alaska.

The trend of the seismicity along the Canadian Arctic coast (Figure 8)

closely follows the southwest extension of DE (Figure 9). Although
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the level of seismicity along this trend is not uniform (note the

sparseness of earthquakes on the immediate north of Prince Patrick uplift),

it is difficult to construe that the very presence of modern seismic

activity over such a long trend is due to yielding of unhealed faults,

primarily, under stress fields of localized origin and extent as implied

by Hasegawa (1977). It rather appears to represent continued reactivation

of a zone of regional significance. This is particularly evident when

the north Alaskan seismic trends are viewed along with those of northern

coast of Canada. Also, this trend of seismicity mostly parallels the

continental margins, a common feature noted by Sykes (1978) for a number

of other intraplate zones.

The model (Figure 10) of Herron et al. (1974) for the evolution of

the Arctic region requires right lateral strike-slip motion over an

extended zone along the Prince Patrick Uplift-Richardson Mountain area

dating from 81 m.y. to 63 m.y. age for convergence along the Alpha Cordillera.

This zone closely follows the current seismic zone. Combining this

observation with those of Sykes (1978) as mentioned earlier, lends

credence to the above inference. That is, there exists a major tectonic

boundary along the Arctic coast of Canada, and the northeastern expression

of this zone may be linked to the offset section DE (Figure 9) between

North Atlantic and Nansen Ridges. The westward continuation of the

inferred zone may be linked to the thrust zone of Brooks Range which

passed through extensive compressional deformations (Taillure, 1973;

Pittman and Talwani, 1972) in the geologic past.
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The directions of principal stresses in Sverdrup Basin (Figure 9)

as derived by Hasegawa (1977) result in right-lateral motions on a

northeast-southwest oriented steeply dipping planes. He also found

appreciable deep-slip motions along the same fault zone. In any case,

these results should not be considered as supporting evidence for those

inferred by Herron, et al. (1974). This is because the model of the

latter authors corresponds to a geologic epoch when convergence along

the Alpha-Mendeleyev Ridge was shown to be a dominant tectonic process

as opposed to the spreading at present.

To the west along the McKenzie Valley, two available solutions of

principal stress directions are those given by Sykes and Sbar (1974) and

Lablanc and Wetmiller (1974a) as mentioned earlier. The solution of the

former authors shows compression oriented in the northwest-southeast

direction while the latter authors show tension in that direction. It

is anticipated that the solution for the earthquake of magnitude 5.3

around Barter Island will resolve the discrepancies noted above. Also,

in the absence of focal mechanism studies, the orientation of the stress

field along the thrust belt of Brooks Range remains an unresolved problem at

this stage.

B. Western Alaska

In order to relate observed trends in seismicity to tectonic features,

the epicenters of all earthquakes shown in Figure 6 are plotted on an

overlay of known structural traces in Figure 11. For the offshore areas

in Norton and Kotzebue Sounds, the structures mapped by Johnson and

Holmes (1977) and Grantz and Eittreim (1979), respectively, were digitized
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at close intervals. Similarly, for the Seward Peninsula, the structural

traces compiled by Hudson (1977) were digitized. These data were then

converted to the same projection and linear scale as was used to plot

the epicenters in Figure 11.

Despite considerable scatter in the distribution of earthquakes as

seen in Figure 11, a number of distinct trends could be discerned. The

inland trace of Kaltag fault, a major tectonic element of the area, appears

to traverse through the clusters labelled A. Offshore in Norton Sound,

the earthquakes align along a trend (BB) which appears to be 10-20 km

off (in northwest direction) the inferred trace of Kaltag fault. However,

along the trend BB, a number of faults have been mapped by Johnson and

Holmes (1977) from marine geophysical data.

The seismic trend CC in Norton Sound appears to follow closely a

series of mapped faults and ridge axes identified by Johnson and Holmes

(1977). These authors also mapped a number of offshore faults trending

east-west from Port Clarence where earthquakes also tend to cluster

(DD) in the same direction.

In Kotzebue Sound, it is interesting to note that the results of

marine geophysical surveys (Grantz and Eittreim, 1979) do not show any

faults. On the other hand, three trends (EE, FF, GG) emerge from the

earthquake data. The difference between the marine data and earthquake

data need to be resolved from further studies.

Inland in Seward Peninsula, the clustering of earthquakes and mapped

fault traces is quite significant. For instance, the cluster HH follows

closely a well defined fault system, and traverses the epicenter of the

1950 (ML = 6.5) earthquake. Also, this zone is characterized by extensive
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felsic intrusive activity in the geologic past. According to the

observations of Sykes (1978) for the trends of intraplate seismicity as

referenced earlier, the zone HH with its transverse trend with respect

to the continental margin and associated volcanics lead us to interpret

it as an onshore expression of a major weak zone. The reactivation

of this zone continues to the present as indicated by the modern seismicity.

About 100-150 km to the west of the trend HH, a second onshore

trend (II) in seismicity is seen to follow closely the mapped en echelon

type of fault system. Similar clustering of earthquakes and fault traces

appear on the immediate east and northeast of Port Clarence. The

implications of these onshore trends of modern activity from the offshore

areas of Norton Sound remained unresolved from the vailable data.

VII. CONCLUSION

A. Northern Alaska

(i) The available seismic data in conjunction with Sykes' (1978)

observations regarding the intraplate activities in other parts of the

world lend support to the postulation of a major tectonic zone along

the Arctic coast of Canada. Its northeast continuation can be tentatively

linked to the offset section between the Nansen and North Atlantic Ridges.

The westward continuation of this zone can be linked to the thrust zone

of Brooks Range.

(ii) The modern orientation of the stress field, particularly

around Sverdrup Basin in northern Canada, results in ground failures

along northeast-southwest oriented planes. This feature closely follows

the direction of the tectonic zone inferred above.
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(iii) In the absence of focal mechanism solutions, the true

orientation of the stress field in northeast Alaska and along the Brooks

Range remains a matter of conjecture. However, if the current tectonics

of the Arctic Coast of Alaska are predominantly controlled by the spreading

along the Nansen Ridge, it would orient the principal stresses (compression)

in the northwest-southeast and north-south directions along Romanzoff

Mountain in northeast Alaska, and along a large part of Brooks Range,

respectively. This would also demand a zone of transition where the

predominantly strike-slip and normal faulting motions of the Canadian

coast would change to thrust type of motions along the Alaskan coast.

(iv) Although the reactivated intraplate zones of weakness

are seismically less active than plate boundaries, there is no known

physical basis to justify that the magnitude of the largest expected

earthquake along major intraplate zones is limited by the strongest

earthquake instrumentally located during the past few decades. For

instance, Biswas and Gedney (1978) proposed from the local trend in

seismicity an upper magnitude bound of about 6.0 for the Beaufort Sea

coast of northeast Alaska from ten years' of past data. From the present

regional considerations, the size of the strongest expected earthquake

in this area may be considered as an open question.

(v) From the available data, it may be concluded that the areas

from the Brooks Range further north along the Beaufort Sea coast in

Alaska are predominantly aseismic, excepting the coastal area east of

about 147°W.
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B. Western Alaska

(i) In this part of Alaska, analysis of data gathered from

the local seismographic network indicates a higher level of seismicity

than was recognized prior to this study. The area may be classified

as moderately active.

(ii) Within the last 27 years, the largest earthquake instru-

mentally recorded in the study area was of magnitude 6.5; it was located

about 30 km inland from the northern boundary of Norton Sound. This was

followed by earthquakes of magnitudes 6.0 (1964), 6.0 and 5.8 (1965),

and 5.2 (1966), located about 60 km, 40 km and 15 km inland from Port

Clrence, Norton Bay and Hotham Inlet (Kotzebue Sound), respectively.

Since the areas around the epicenters of these earthquakes are thinly

populated, their seismic impact passed largely undocumented.

(iii) The local network recorded a large number of earthquakes

in the magnitude range of 1.0 ML < 4.5 during a period of slightly

more than 12 months (1978). The epicenters of these earthquakes are

found to be distributed on and around the offshore and onshore traces

of mapped faults. An epicentral concentration is found to extend in

the north-south direction along a fault system about 150 km east of

Cape Nome. A diffused distribution of epicenters are seen in Norton

and Kotzebue Sounds with some scatter around the 1966 earthquake to the

immediate west of Hotham Inlet.

(iV) No attempt has been made at this stage of our study to

interpret the tectonic significance and the associated seismic hazards

posed by the features mentioned above. However, it should be pointed out
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that, compared to the areal extent of the study area, the seismoqraphic

coverage attained to date is insufficient to delineate the details of

the features mentioned above.

VIII. SUMMARY: FOURTH QUARTER OPERATIONS

A. Task Objectives

(i) To install 5-station short-period one-component (vertical)

seismographic network around Prudhoe Bay for attenuation studies.

(ii) To install recording system at Nome for recording data

from the western Alaska seismographic network.

(iii) To continue scaling and processing of daily recorded

data.

B. Field and Laboratory Activities

(i) The seismometers and associated electronics for the

Prudhoe Bay network were tested and assembled for deployment to the

field sites.

(ii) For recording data of the above network at Prudhoe Bay

on magnetic tape, the recorder, time code generator and WWV radio

receiver were tested and assembled for shipment to the recording site.

(iii) Identical recording equipment for recording data at

Nome for the western network have been assembled. The installation of

this system at Nome has been delayed due to shortage of personnel.

However, it is planned to install and start recording at Nome during

May 1979.
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(iv) One swarm of icequake has been recorded during February

1979. The scaling of data for these events including earthquakes are

progressing smoothly.

C. Results

None.

D. Preliminary Interpretation

None.

E. Problem Encountered

None.

F. Estimate of Funds Expended

$120,000.
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Schematic model for evolution of Alpha-Mendeleyev Ridge complex as incipient

subduction zone-island arc. produced by initial rotation of Eurasia away from North America.

Pole of opening of North Atlantic relative to North America determined by Pitman and Talwani

(1972) for period between 81 and 63 m.y. ago (Laramide time) shown by bull's-eye on northern-

most Greenland. Solid black = position of Greenland and Eurasia relative to North America at

81 m.y.; stipple = position at 63 m.y. We have also suggested relative motion within what is now

North American continent, along line of Laramide thrust, and have further assumed that

"Laramide" plate included Chukotskiy and Koryak-Kamchatka as well as most of what is now

Amerasian Basin. Boundary between North American and Laramide plates is continued north of

Laramide thrusts into Arctic via Richardson Mountains and Prince Patrick uplift, which we have

interpreted as strike-slip fault zones, analogous to San Andreas. Alpha Cordillera-Mendeleyev

Ridge form compressive plate boundary between Eurasian and Laramide plates. Hachures = areas

underlain by oceanic crust in Arctic; cross hatching = position of Lomonosov Ridge at 81 and

63 m.y.

Figure 10
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I. Summary of Objectives

The scientific objectives relate to areas of unknown data and para-

meters which are needed to make an environmental assessment of the

Beaufort Sea Continental Shelf. The products: reports, maps, and

tables, provide information about the scientific objectives and

can be drawn on as needed to aid decision-making prior and during

leasing and developemnt. Information about the natural processes,

in and around the lease area, indicates the stability of the area

and predicts the influence of development.

The most important landforming process in the area is loss of ground

ice. The natural stability of the landforms is directly related to

the rates at which ground ice is lost. Developmental planning must

take these rates into consideration to minimize environmental impact.

Planning must also be site-specific because the rates of natural

changes greatly range in value from one portion of the area to another.

The objectives address this range in values.

II. Introduction

A. General Nature and Scope of Study

The purpose of this investigation is to provide quantitative and quali-

tative data for assessing the environmental impact of development 
within

the lease area. The existing, naturally occurring geomorphic processes

are herein identified, and where possible, the dynamics of these

processes are quantified.

All the major landforms of the area, including barrier islands, lagoons,

streams, lakes, and deltas, are shaped or influenced by the loss 
of

ground ice. Hence, there is an important interrelationship between

the major landforms; a landform changes at the expense of another, 
or

it evolves into another landform.

This study provides an understanding of natural geomorphic conditions

which exist in the area. This understanding can be used to determine

the impact that man-related activities may have on the environment.

B. Specific Objectives

1. To determine the origin and stability of the barrier island -

lagoon system.

2. To identify the natural geomorphic processes involved in creating

and maintaining the natural physical environment.

3. To determine the rates of natural change in features due to 
natural

processes.
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4. To provide baseline information that can be used to predict and
assess environmental impact in an unbiased manner.

5. To provide geomorphic information that can be used to establish
guidelines for land use and resource management.

6. To compile information that can be used to construct a model which
can be manipulated to indicate long and short term changes either
naturally or as the result of development.

C. Relevance to Problems of Petroleum Development

The information gathered by this study is directly applicable to such
development problems as:

a. siting of drill pads
b. sources of gravel
c. location of landfills
d. transportation routes
e. engineering aspects of stability
f. stream channel dynamics
g. shoreline changes

The natural stability of geomorphic features should be known before
long life structures are built. Sources of nearby materials should
be identified so that energy resources can be conserved. Waste
materials must be placed in secure locations. Transportation routes
must be planned so that they are economical, conserve energy
resources, and minimize environmental impact.

III. Current State of Knowledge

Previous research shows that the Arctic coastal plain is the common
source of materials that make up the gravel and tundra islands along
the Beaufort Sea coast. Previous research also shows that the
lagoons are created by enlargement of coastal plain lakes. Since
the lakes on the coastal plain are important to barrier island -
lagoon development, the rates of natural change and the processes
involved have been closely studied.

Streams that enter lagoon systems along the Beaufort Sea are important
to the geomorphology and the ecology of these ecosystems and have
been studied by examining the channels and the deltas at their mouths.
Deltas are very delicate landforms that respond easily to natural
processes and record the intensity and magnitude of these processes
in the morphology.

Shorelines along the Beaufort Sea are retreating horizontally. There
is a corresponding vertical drop in the land surface with this hori-
zontal retreat, however, the absolute rates of vertical change are
still unknown. Information has been collected about relative rates
in vertical change.
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IV. Study Area

The area of investigation includes the barrier islands and lagoons

of the Beaufort Sea Offshore Lease Area and the adjacent coastal plain.

The adjacent coastal plain must be considered in this study because

it is the source of materials in the barrier island - lagoon system,

and it will also suffer the impact of development. The landforms of

the area have a strong interrelationship because they all suffer the

effects of the loss of ground ice. The actual study area stretches

from the Colville River eastward to the Canning River.

V. Sources, Methods and Rationale of Data Collection

There are two basic aspects behind the rationale of this study:

(1) expand information learned in the Simpson Lagoon area to the

rest of the lease area, and (2) fill in existing information gaps

about geomorphic processes and the rates of natural change. Infor-

mation from field observations and remote sensing data were combined

to produce the final products. The following is a list of the basic

methodology followed during the study:

1. Interpretations of aerial photographs, radar imagery, and

Landsat imagery.

2. Ground reconnaissance on foot and boat.

3. Low altitude aerial reconnaissance.

4. Literature evaluation and inspection of weather records.

5. Exchange of data with Dr. A. S. Naidu and other principal

investigators.

6. Quantitative and qualitative analysis of the deltas in the

area.

7. Comparison of sequential data.

8. Compilation of a landforms map of the region.

9. Analysis of the geomorphic setting of the lease area.

10. Compilation of shoreline erosion maps for islands, important

lakes, and the coast, outside the Simpson Lagoon area.

11. Evaluation of remote sensing techniques best suited for

various aspects of the project.

12. Analysis of the future results of natural processes.

13. Compilation of information about changes in the Sagavanirktok

River.

The natural changes in the barrier island - lagoon system and the

coastal plain were determined using aerial photographs and Landsat

imagery. Field studies of geomorphic processes and the interpretation
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of remote sensing data provided information concerning the origin and
stability of the barrier island - lagoon system and the importance of
the adjacent coastal plain.

VI. Results

A. Terrain and Landform Map

The terrain and landform map of the Beechey Point Quadrangle (Figure 1)
differentiates 10 units based on lake density and orientation, and
wetness/dryness. Complete unit descriptions and their significances
are in progress and will appear in future reports. Landforms shown in
Figure 1 are active river floodplains, abandoned river floodplains,
bedrock, deltas, and pingos.

B. Delta Morphology

Figures 2, 3, and 4 , show the channel networks for the Colville, Kuparuk,
and Sagavanirktok river deltas, respectively. These networks are based
on channels shown as double lines on 1:63,360 U. S. Geological Survey
topographic maps. Several other channels were added from 1972 U-2 photo-
graphy.

Smart and Moruzzi (1972) present a technique for describing delta net-
works based on vertices and links. Vertices are points where channels
bifurcate, merge, or empty into the ocean, and are designated forks,
junctions, and outlets, respectively. Links are channel segments that
connect two successive vertices and are designated by the upstream and
downstream vertices; for example, a link connecting a fork vertice to
a downstream junction vertice is an FJ link. The numbers of the various
vertices and links were determined from Figures 2, 3, and 4, and mapping
photography (Table 1).

Table 1 - The numbers of vertices and links of the Colville, Kuparuk,
and Sagavanirktok Deltas.

The delta channel networks of Figures 2, 3, and 4, begin where a single
channel or braided network begins to fan. The Colville delta fans from
a single channel whereas the Kuparuk and Sagavanirktok deltas fan from
braided channels. Table 2 shows the ratios of the longest chords down
and across the delta networks.
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Figure 1 - Terrain and landform map of the Beechey Point Quadrangle.



Figure 2 - Channel network of the Colville Delta.

218



Figure 3 - Channel network of the Kuparuk Delta.
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Figure 4 - Channel network of the Sagavanirktok Delta.
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Table 2 - Length/width relationships of the Colville, Kuparuk, and

Sagavanirktok Deltas.

The Colville and Kuparuk delta networks are lobate and constructive;

the Sagavanirktok delta is elongate and constructive. Smart and

Moruzzi (1972) call the ratio of the number of junctions to the number

of forks in a delta network, the recombination factor. This ratio may

range from zero for a network with no junctions to one for a braided

stream. The recombination factor values for the Colville, Kuparuk,

and Sagavanirktok deltas are as follows:

Colville - 84/111 = 0.76

Kuparuk - 29/37 = 0.78

Sagavanirktok -272/294 = 0.92

The recombination factor values confirm the similarity of the Colville

and Kuparuk delta networks. The recombination factor value of the

Sagavanirktok delta network shows braided stream characteristics. 
This

network, therefore, should be regarded as two adjacent deltas. 
Further

study of the Sagavanirktok delta in this regard is in progress.

C. Tundra Erosion Rates

1. Introduction

Erosion rates of tundra areas bordering the Sagavanirktok River, large

inland lakes, and the Beaufort Sea were determined in the vicinities

of Prudhoe Bay, Camden Bay, and Flaxman Island. The erosion rates

were determined by comparing lateral distances on 1955 U.S.G.S. vertical

mapping photography enlarged to 1:17,800, with distances on 1972 U-2

vertical photography enlarged to 1:33,330 and to 1:40,420. Distances

were measured from a point, which was identifiable on photographs from

both years, to the tundra edge.

The primary purpose of erosion rate measurements is to determine the

stability of the Arctic Coastal Plain. Knowledge of variations of

erosion rates and the reasons for these variations will aid in planning

future development on the coastal plain. Measurements of the tundra

erosion rate along the western bank of the Sagavanirktok River near

Prudhoe Bay are useful for planning ongoing development in this area.
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Cannon, et al. (1978) suggest that morphological changes in the
Beaufort Sea coastline, including development of some barrier is-
lands is, in part, from coalescence of inland lakes. Determination
of erosion rates of lake shorelines, therefore, is necessary to assess
the contribution of lake coalescence to shoreline morphological
changes.

A mean erosion rate value will eventually be determined for the entire
Beaufort Sea coastline based on the areas described here and on other
areas presently under study. This mean erosion rate is useful in
nutrient dynamic studies since organic material introduced into the
Beaufort Sea by coastal erosion is an integral part of the offshore
food chain.

2. Erosion Rates In the Prudhoe Bay Area

Figure 5 and Table 3 show the tundra erosion rates in the vicinity
of Prudhoe Bay and the mouth of the Sagavanirktok River. Nineteen
measurements show a mean erosion rate of ].9 meters per year along
the Prudhoe Bay shoreline. The erosion rates became progressively
larger east to west along the shoreline. This suggests that erosion
here is largely a function of exposure to the dominant southwesterly
wind and wave impact.

The eastern, northwestern-facing shoreline is protected from the
dominant wind and wave impact and has a mean erosion rate of 0.6
meter per year. The north-facing shore is slightly more open to the
dominant wind and wave impact and has a mean erosion rate of ].5 meters
per year. The western, northeast-facing shoreline is completely open
to the dominant wind and wave impact and has a mean erosion rate of
2.8 meters per year.

The indentation of Prudhoe Bay on the Arctic Coastal Plain corresponds
to the boundaries of the abandoned Putuligayuk River floodplain (Figure
1). The indentation represents either preferential erosion of these
floodplain deposits or inundation of the river mouth subsequent to a
decrease in discharge from inland stream piracy by the Sagavanirktok
River. It, perhaps, represents an interaction of both.

Erosion rates tend to be low along lake shorelines in the vicinity
of Prudhoe Bay. Thirteen measurements show a mean erosion rate of
0.4 meter per year along lake shorelines. Most of these measurements
are from western, northeast-facing shorelines because these land-water
boundaries are sharp on the photography. The mean erosion rate of these
western shorelines is 0.5, and excludes a high value obtained on a
promontory in one of the lakes. The mean erosion rate of the eastern
shorelines is 0.4 meter per year and also excludes a high value
obtained on a promontory. The mean erosion rate of northern shorelines
is 0.2 meter per year. No measurements were taken of southern shore-
lines.

Fourteen measurements show a mean erosion rate of 0.7 meter in the
vicinity of the Sagavanirktok River mouth. The mean erosion rate
of eastern-facing river banks is 0.8 meter per year and the mean
erosion rate of western-facing banks is 0.5 meter. Measurements
of north-facing shorelines show a mean erosion rate of 0.7 meter per
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Figure 5 - Tundra erosion rates in the vicinity of Prudhoe Bay.



year in this area.

Table 3 - Erosion rates in the vicinity of Prudhoe Bay.

Figure 6 is a map showing the approximate morphology of Prudhoe Bay
after successive periods of time. This map is based on the mean erosion
rates of the Prudhoe Bay shoreline and the east-facing bank of the Saga-
vanirktok River.

3. Erosion Rates In the Camden Bay Area

Figure 7 shows tundra erosion rates in the vicinity of Camden Bay.
Nine measurements show a mean erosion rate of 1.9 meters per year.
The number of measurements here is limited because inland talik
lakes that serve as reference points are few in number. There seems
to be no regularity in the erosion rates in this area; rates vary
between 0.1 meter and 4.0 meters per year.

4. Erosion Rates In the Flaxman Island - Brownlow Point Area

Figure 8 and Table 4 show tundra erosion rates in the vicinity of
Flaxman Island and Brownlow Point. Thirty-six island and coastal
plain measurements show a mean erosion rate of 0.9 meter per year.

Six of the measurements show a mean erosion rate of 1.4 meters per
year on Flaxman Island. Based on two measurements, the seaward side
of the island erodes at a rate of 2.1 meters per year. The remaining
four measurements on the south side of the island show a mean erosion
rate of 1.1 meters per year.

224



Figure 6 - Succesive shoreline c h anges
along Prudhoe Bay shorelines.



Figure 7 - Tundra erosion rates in the vicinity of Camden Bay.



Figure 8 - Tdr erosion rates in the vicinity of Flaxman Island and Brownlow Point.

Figure 8 - Tundra erosion rates in the vicinity of Flaxman Island and Brownlow Point.



Thirty measurements along the coastal plain show a mean erosion rate
of 0.8 meters per year. There seems to be no regularity in the dis-
tribution of these thirty erosion rates; rates vary between 0.] and 2.4
meters per year.

Table 4 - Erosion rates in the vicinity of Flaxman Island and Brownlow
Point.

Three measurements show a mean erosion rate of 0.3 meter per year along
inland lake shorelines. This rate approximates the mean erosion rate
of 0.4 meter per year for lake shorelines in the vicinity of Prudhoe Bay.
These relatively low means may be common to all coastal plain talik
lakes but need further substantiation. Erosion of lake shorelines
toward the Beaufort Sea coast, to effect changes in the coastal morphology,
is three to four times less rapid than the opposite relationship.

D. Lake Orientation and Morphology

The lengths and orientations of 512 lakes in the Prudhoe Bay area were
measured on 1:63,360 U. S. Geological Survey topographic maps of
Beechey Point: B-5, B-4, B-3, and A-3. The average orientation of
the long axes (major axes) of the lakes is 3500 azimuth and approxi-
mately represents most of the lakes on the coastal plain west of the
Sagavanirktok River (Figures 9 and 10).

Two factors have been suggested for the orientation of the lakes:
(1) the lakes are formed perpendicular to the prevailing wind direc-
tion by wind-induced currents, and (2) the lakes are aligned along
jointing which has propagated through the frozen materials of the
coastal plain and caused preferential melting of ground ice.

There are two published sources of prevailing wind data for locations
on the Arctic Coastal Plain. One is the Climatic Atlas of the United
States published by the U. S. Department of Commerce. The second is
the Climatic Atlas of the Outer Continental Shelf Waters and Coastal
Regions of Alaska, Volume III, Chukchi-Beaufort Sea, by the U. S. Depart-
ment of Commerce and the U. S. Department of the Interior. Oliktok
is the closest point of data for the area. Wind data from Oliktok
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Figure 9. This is a band 7 Landsat scene of a part of the 
Arctic coastal

plain showing Teshekpuk Lake and many other 
lakes. This scene was acquired

07 September, 1978. The dashed line which has an azimuth direction 
of

3500, approximates the average orientation 
of the lakes.
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Figure 10, This is a band 7 Landsat image of the Arctic coastal plain south
of Barrow. This scene was acquired on 17 July, 1978. The dashed line has
an azimuth direction of 3500. This direction approximates the average orien-
tation of the lakes. Note the square and rectangular lakes in the foothills at
the bottom of the scene.
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indicate that the prevailing winds are 
from azimuth directions between

0600 and 0700 during the ice free time 
of the year. These azimuths

are not perpendicular to the orientations 
of the lakes. A better indi-

cation of the prevailing wind direction 
during the ice free time of the

year is the orientation of sand dunes 
in the Beechey Point, B-3, quad-

rangle. The orientation of sand dunes here indicates 
a prevailing wind

from azimuth 0700. This is also not perpendicular to the orientation

of the lakes. Data from other points on the coastal 
plain indicate that

nowhere are the lakes oriented perpendicular 
to the prevailing wind

direction.

The long axes of the coastal plain lakes, 
however, are similarly aligned

with the dominant jointing in the foothills 
of the Brooks Range. The

jointing in the foothills is expressed 
in the preferential orientation

of stream valleys and the shapes of lakes. 
The lakes in the foothills

are square or rectangular in shape and 
a pair of the straight sides

lines up with the orientation of the 
joint influenced stream valleys

(Figure 10).

E. Remote Sensing Studies

Aerial photography taken over a span 
of 25 years has been used exten-

sively to determine the rates of shoreline 
changes. The entire study

area, however, has not been covered with 
such photography; this has

restricted measurements to areas where 
good photography exists. Aerial

photography is the only available remote 
sensing technique with reso-

lution adequate for these measurements.

Data available from other types of remote 
sensing techniques are better

suited to regional applications. The all weather, all winter capa-

bilities of radar imagery makes it an 
excellent source for neoteric

information and ice related data. The radar imagery in general is good

for enhancing minor relief and showing 
cultural features (Figure 11).

The multispectral data from the Landsat 
satellite is useful but suffers

from poor spatial resolution. During half of the year in the Arctic

four bands of data are available from 
the Landsat system. Band four

shows the visible green (wavelength 0.5 
to 0.6 micrometers) of the

electromagnetic spectrum. Band four is best suited for turbid water

studies (Figure 12). Band five shows the visible red (wavelength 
0.6

to 0.7 micrometers). Band five shows best bare soils and rocks 
but

is well suited for turbid water studies 
and vegetation studies (Figure

13). Band six shows the solar IR (near IR) 
in a narrow band (wave-

length 0.7 to 0.8 micrometers). Band six can be best used for land-

water contacts and some vegetation work 
(Figure 14). Band seven shows

the solar IR in a wide band (wavelength 
0.8 to 1.1 micrometers). Band

seven is not affected by clouds and haze 
as much as the other bands.

It gives a sharp view of land-water 
contacts and the best stream

information (Figure 15).

During the early winter and early spring 
some data can be obtained from

the Arctic areas on band seven. This low-sun angle, winter time

imagery enhances minor topography very 
well (Figure 16). It was this

low-sun angle imagery which indicated 
that the Colville River once

joined with a stream system farther to 
the east. In Figure 16 the
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Figure 11. Real aperture x-band, radar imagery of Simpson Lagoon. This
imagery was acquired through solid cloud cover during August, 1976. The
shape of the coastline shows very well and the higher bluffs show up as
bright lines. Cultural features, even minor roads, show up well.



Figure 12. Band 4 Landsat imagery of the same part of Simpson Lagoon

shown in Figure 11. This imagery taken in the visible green is best

suited for studies of turbid water. 
This imagery was acquired 25 July,

1977.



Figure 13. Band 5 Landsat imagery of Simpson Lagoon, taken on 25 July, 1977.Band 5 shows the visible red part of the spectrum and is perhaps the mostuseful single Landsat band. Band 5 shows water quality, bare rock material,vegetation, and cultural features.



Figure 14. Band 6 Landsat imagery of Simpson Lagoon, taken on 
25 July, 1977.

Band 6 shows a small part of the Solar IR (near IR). 
Band 6 is useful for

rock and vegetation studies.



Figure 15. Band 7 Landsat imagery of Simpson Lagoon, taken on 25 July, 1977.Band 7 shows a larger part of the Solar IR (near IR) than band 6. Band 7
is less affected by haze and clouds than the other bands. It shows land-
water contacts very well.



Figure 16. This is a band 7 Landsat image taken 27 February, 1978. The

area shown is around Umiat, Alaska, which is just left of the center of

the scene. The Colville River runs in the large flat floored valley 
that

starts in the lower left corner of the scene. Near the center the Colville

River turns north and flows in a direction of 3500 azimuth. The Colville

River at one time flowed down the now abandoned channel 
which can be seen

just to the right of the center of the upper portion of the scene. The

sun's elevation, at the time this scene was taken, was eleven degrees 
above

the horizon. These low sun-angle scenes enhance the minor topography 
very

well.
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breached area where the Colville River was pirated to the north is
easily seen. The wind gap, or the abandoned stream channel left by
the piracy, also shows up well continuing eastward.

The valley of the Putuligayuk River appears too large for the stream
on Landsat imagery, bands six and seven, of the Prudhoe Bay area
(Figure 17). Field observations confirmed that the Putuligayuk
River is a misfit stream; the size of the original channel and the
volume of gravels can not be accounted for by the present stream.
From Landsat imagery a series of figures were drawn showing possible
past changes in the streams systems in the area (Figures 18, 19, 20,
and 21). It appears from this study that Prudhoe Bay was once the
extension of a larger stream system.

VII. Discussion

The major landforming process in the study area is removal of ground
ice by melting. This process for the creation of landforms is
unique on this planet.

Since the coastal plain slopes toward the coastline, the bluffs along
the beach should become higher as the coastline retreats. However,
the bluffs appear to have maintained a low height of 1-3 meters. If
coastline retreat had started just at the islands, the coastal bluffs
should be over 10 meters in height. From this, it appears that verti-
cal subsidence of the surface due to loss of ground ice is occurring
along with the horizontal retreat of the coastline. In any considera-
tion, it would be illogical to assume that loss of ground ice would
only be at the coastline in an horizontal direction.

The coastline along the lease area shows a range of morphologies.
Typically, there is about a 2 meter bluff along the back of a narrow
beach. However, in some areas the tundra surface slopes to the back
of the beach with no break or bluff. In these areas the beach con-
sists of a berm of sand and gravel on top of tundra. The tundra con-
tinues out from under the beach berm and under the water of the
adjacent lagoon. This bluffless shoreline attests to the vertical
subsidence of the coastal plain.

The shorelines of the lakes show the same range of morphologies as the
coastline. Some lakes have bluffs at the shoreline while others
have no bluffs and the tundra slopes to the edge of the water and
continues below the lake surface. In general, large lakes have bluffs
and small lakes are bluffless.

The streams show this same bluff phenomenon. In small stream channels
tundra often slopes down the banks and under the stream, and in
larger stream channels, intransit gravels may be seen on top of tundra.
The largest streams have bluffs or a bluff only on one side of the
channel.

Stream channels are not being created or rapidly enlarged by mechani-
cal erosion of bank and bed materials, but rather by loss of ground
ice. This explains why some streams show very intense meandering
without any meandering scars, point bars, chutes, or chute cutoffs.
Meandering in streams, where mechanical erosion is the major process,
always shows scars of erosion and features of deposition.
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Figure 17. This is a band 6 Landsat image of the Putuligayuk River taken

on 25 July, 1977. The Putuligayuk River runs from the lower 
left corner

of the scene, where it starts at the Sagavanirktok 
River, to the southwest

corner of Prudhoe Bay, on the right side 
of the scene. It appears that

the present Putuligrauk River was once the 
major channel of the Sagavanirktok

River. The Kuparuk River runs along the top of the scene.



Figure 18. This is a schematic drawing of the Colville, Kuparuk, Putuligayuk,
and Sagavanirktok Rivers. It shows how the four rivers presently flow
separately into the Beaufort Sea. The next three figures attempt to recon-
struct the past drainage routes of these four rivers in progressively older
steps.
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Figure 19. This shows the four rivers at time, present - time X . The

Colville River joins the Kuparuk before entering the Beaufort Sea. How

long ago this situation existed is unknown.
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Figure 20. This shows the four rivers at time, present - time X1 + X2
The Colville and Kuparuk Rivers join the Sagavanirktok River before
flowing into the Beaufort Sea.
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Figure 21. This shows the four rivers at time, present - time X + X2 + X3
The Colville, Kuparuk, and Sagavanirktok Rivers all join and flow into the

Beaufort Sea via the Putuligayuk River. This can account for the misfit

of the Putuligayuk River to its valley and perhaps the origin of Prudhoe

Bay.
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Stream channels begin during breakup with water flowing overland in
vast sheets. Channels begin by the melting of near surface ground
ice. As channel flow increases, the melting of ground ice increases
and the tundra mat subsides. Thus, the original material which is
removed to make the channels, is ground ice and not soil or rock
materials.

As the channels are deepened by the melting of ground ice, the tundra
mat is stretched until it breaks, at which time blocks of tundra mat
and underlying peat are dropped into the stream and transported.
This rupture of the tundra mat produces a bluff in which the rock
materials of the coastal plain are exposed. With availability of
rock materials, the stream begins to carry sand and gravel.

The conclusion drawn from the bluff to bluffless shoreline range,
is that the rates of vertical subsidence vary between areas. A
bluff forms where the rate of horizontal retreat is significantly
greater than the rate of vertical subsidence. There is no bluff
where the rate of vertical change keeps pace with the horizontal
component of change.

VIII. Conclusions

The coastline, lagoons, islands, lakes, and streams are the major
landforms of the Beaufort Sea coastal plain. These landforms are
created by the loss of ground ice and are modified by other processes.
The major geomorphic process on the coastal plain is the loss of
ground ice.

Although not extensive on the coastal plain, the deltas are perhaps
the most important landforms in the ecosystem. The deltas are
the sources of detritus which is picked up and transported through-
out the barrier island - lagoon system for most of the ice-free
season.

In order to save extensive discussion, the more pertinent points of
this study are summarized in two tables (Tables 5 and 6).

Table 5 - Summary of information gathered from the area of the
Beaufort Sea lease.

1. Some of the islands consist of ice-cored tundra with non-ice-
cored gravel spits on the ends of the islands.

2. Some of the islands consist of elongate gravel bars that are non-
ice-cored or that have ice at depth.

3. Most islands are umbrella shaped, due to recurved spits on the ends.

4. The islands are composed mainly of gravel.

5. Non-ice-cored islands consist of gravel and some sand.

6. Ice-cored tundra-covered islands consist of sand, angular gravels,
cobbles, and angular boulders.
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7. Materials of all islands are identical with materials on coastal
plain.

8. Tundra on islands is identical to tundra on coastal plain.

9. Lakes on tundra islands are identical to lakes on the coastal plain.

10. Sometimes tundra-covered islands are connected to the tundra on the
coastal plain with a strip of continuous tundra.

11. The tundra cover on the islands is continually being lost.

12. Tundra is not being generated on the gravel islands.

13. The shorelines of the tundra-covered islands are presently retreating.

14. The shoreline of the coastal plain is presently retreating in the
same manner as the shorelines of the tundra-covered islands.

15. The islands are at different distances from the coastal plain.

16. The lagoons between the islands and the coastal plain are shallow,
2-6 meters.

17. Some of the boulders found on the islands and the coastal plain
exhibit indisputable glacial striae.

18. River water that flows over near-shore ice at breakup transports
only very fine material.

19. Water on the lagoon side of the islands freezes over first.

20. Pack ice normally does not enter the lagoons and the pack ice which
does enter the lagoons is of such shallow draft and small size it

could not raft any significant amounts of rock material or indivi-
dual rock masses of any large dimensions.

21. No rock materials were observed being added to the islands by ice
rafting.

22. In the fall during freezeup ice shove sometimes reworks the beach
materials.

23. Most ice shove occurs after freezeup when the gravels of the islands

are frozen.

24. Ice shove was not observed to contribute any significant materials

to the islands.

25. Due to the presence of the pack ice, the fetch on the open
Beaufort Sea is limited.

26. Longshore currents generated by winds in the area do not transport
gravel across the lagoons or the lagoon entrances to the islands.
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27. The major geomorphic changes are due to loss of ground ice,

28. Stream valleys form by the loss of ground ice. Mechanical
erosion of stream valleys is minor.

29. Lakes form due to the loss of ground ice.

30. The shorelines of the lakes are presently retreating.

Table 6 - A Summary of the Steps in the Evolution of the Beaufort
Sea Coastal Plain.

Part A: Barrier Island - Lagoon System

1. Coastal area lowers due to loss of ground ice.

2. Lakes form on the coastal plain due to loss of ground ice.

3. Lakes continue to increase in size due to loss of ground ice, and
eventually coalesce.

4. Coastal shoreline retreats due to loss of ground ice.

5. Coalescing lakes are breached by the retreating shoreline.

6. Sea water fills coalesced lakes and an embayment is created bounded
by tundra-covered arms or promontories.

7. Portions of the tundra-covered promontories become detached
from the coastal plain due to continued loss of ground ice.

8. The detached portions of the tundra-covered promontories thus
become tundra-covered islands.

9. The tundra-covered islands are reworked by erosion and gravel spits
form on the ends of the islands.

10. The tundra-cover is stripped off some islands and the ground ice
retreats leaving gravel islands.

11. Gravel islands are reworked into shoestring islands.

12. Further loss of ground ice causes island remnants to subside.

13. Wave action distributes gravel over the shallow sea floor.

14. Island remnants subside below wave base and are left as slight
rises on the sea floor.

Part B: The Streams

1. At breakup the coastal plain is flooded over completely frozen near-
surface materials.
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2. Water flows toward the coast running from flooded lake to flooded

lake.

3. Streams begin as channels between lakes. The channels are formed

by the melting of ground ice with the energy from the running water.

4. Stream systems at first stage are a series of channel tied lakes.

5. Stream channels are deepened by melting of ground ice.

6. The tied lakes are drained as the channels between them deepen.

7. Stream systems at second stage consist of tundra floored channels

which interconnect drained lake basins.

8. Tributaries form and grow in the same manner as the major branch

develops.

9. Sediments from the drained lake basins are picked up and transported

by the stream systems.

10. The channels continue to deepen by loss of ground ice and the tundra

mat is broken, exposing the sands and gravels of the coastal plain.

11. As materials are exposed, the stream begins to transport them.

12. When the volume of transported materials reaches a critical amount,

the construction of a delta begins at the stream's mouth.

Part C: The Lakes

1. Depressions and irregularities form in the coastal plain due to loss

of ground ice.

2. Lakes begin as small rectangular or square shaped basins, floored

with tundra mat.

3. The length of the rectangles or one parallel set of sides on the

squares develop in the same direction as the dominant jointing runs

in the foothills of the Brooks Range.

4. The lakes continue to increase in size as ground ice melts and the

tundra mat is broken.

5. The lakes lengthen preferentially in the direction of the dominant

jointing and begin to become elliptical.

6. The lakes increase in size, in some cases coalescing with adjacent

lakes, and the materials of the coastal plain are reworked in a

minor manner by wave action.

7. Irregularities in the materials of the coastal plain and wave action

modify the shapes of the lakes in a small way. Increased loss of

ground ice along the joints in the frozen coastal plain materials

accounts for the orientation and location of the lakes. Most lakes

are located along a line which runs through other lakes.
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IX. Needs for Further Study

It appears that the deltas are the most important landform in the
ecosystem of the coastal plain and the lease area. The deltas are
perhaps more important than the islands or lagoons. Detritus and
fine grain materials are reworked from the deltas throughout the
ice-free season. It might be that materials are reworked from the
prodelta throughout the winter. This is not known. The most im-
portant need for further study is a very close investigation of the
deltas along the coastal plain. This would necessitate a detailed
study of the stream systems which bring the materials to the deltas.

X. Summary of January - March Quarter

There were no field activities during this quarter. This quarter
was spent compiling and summarizing the previous year's data for
the annual report.
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OPERATION OF AN ALASKAN FACILITY

FOR APPLICATIONS OF REMOTE-SENSING DATA TO OCS STUDIES

1978/79 Annual Report

Principal Investigator: Albert E. Belon
Affiliation: Geophysical Institute, University of Alaska
Contract: NOAA # 03-5-022-55
Research Unit: # 267
Reporting Period: April 1, 1978 - March 31, 1979

I - SUMMARY OF OBJECTIVES

The primary objective of the project is to assemble
available remote-sensing data of the Alaskan outer continental
shelf and to assist OCS investigators in the analysis and
interpretation of these data to provide a comprehensive
assessment of the development and decay of fast ice, coastal
geomorphology and ecology, sediment plumes and offshore
suspended sediment patterns along the Alaskan coast from
Yakutat to Demarcation Bay.

Four complementary approaches are used to achieve this
objective. They are: 1) the operation of a remote-sensing
data library which acquires, catalogs and disseminates
satellite and aircraft remote-sensing data; 2) the operation
and maintenance of remote-sensing data processing facilities;
3) the development of photographic and computer techniques
for processing remote sensing data; and 4) consultation
and assistance to OCS investigators in data processing and
interpretation.

Thus, the project has primarily a support role for
other OCS projects, and in itself does not usually generate
disciplinary conclusions and implications with respect to
OCS oil and gas development. Such results will be generated
by the various disciplinary OCS projects, most of which are
users of remote-sensing data and services provided by our
project. At this time at least two dozen OCS projects are
utilizing remote-sensing data routinely, six of them (RU #88,
205, 248, 530, 265, and 289) almost exclusively. In addition,
the availability of near-real-time remote-sensing data
(NOAA and DMSP satellites) and delayed repetitive data
(Landsat and aircraft) provides a continuous monitoring of
environmental conditions along the Alaskan continental shelf
for research and logistic support of the OCSEAP Program.
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II - INTRODUCTION

A. General Nature and Scope of Study

The outer continental shelf of Alaska is so vast and so

varied that conventional techniques, by themselves, 
are

unlikely to provide the detailed and comprehensive 
assess-

ment of its environmental characteristics which 
is required

before the development of its resources is allowed to

proceed during the next few years. The utilization of

remote-sensing techniques, in conjunction with conventional

techniques, provides a solution to this dilemma 
for many

disciplinary investigations. Basically the approach involves

the combined analysis of ground-based (or sea-based), aircraft

and satellite data by a technique known as multistage 
sampling.

In this technique, detailed data acquired over 
relatively

small areas by ground surveys or sea cruises 
are correlated

with aerial and space photographs of the same 
areas. Then

the satellite data, which extend over a much larger 
area and

provide repetitive coverage, are used to extrapolate 
and

update the results of the three-way correlations 
to the

entire satellite photograph. Thus, maximum advantage is

taken of the synoptic and repetitive view of the satellite

to minimize the coverage and frequency of data which 
have to

be obtained by conventional means.

B. Specific Objectives

The principal objective of the project is 
to make

remote-sensing data, processing facilities and interpretation

techniques available to the OCS investigators so 
that the

promising applications and cost effectiveness of remote-

sensing techniques can be incorporated in their disciplinary

investigations. The specific objectives of the project are:

1) the acquisition, cataloging and dissemination of exist-

ing remote-sensing data obtained by aircraft and satellites

over the Alaskan outer continental shelf, 2) the operation

and maintenance of University of Alaska facilities 
for the

photographic, optical and digital processing of remote-

sensing data, 3) the development of photographic, optical

and computer techniques for processing remote-sensing 
data

for OCS purposes and 4) the active interaction of the

project with OCS users of remote-sensing data, including

consultation and assistance in disciplinary applications,

data processing and data interpretation.

C. Relevance to Problems of Petroleum Development

The acquisition of remote-sensing data, especially

satellite data, has proved to be a cost-effective method of

monitoring the environment on a synoptic scale. Meteor-

ological satellites have been used for over a decade to
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study weather patterns and as an aid to weather forecasting.
The earth resources satellite program, initiated in 1972,
offers a similar promise to provide, at a higher ground
resolution, synoptic information and eventually forecasts of
environmental conditions which are vital to petroleum develop-
ment on the continental shelf. For instance the morphology
and dynamics of sea-ice which are relevant to navigation and
construction of offshore structures, the patterns of sediment
transport and sea-surface circulation which will aid to
forecast trajectories of potential oil spills and impact on
fisheries, the nature of ecosystems in the near-shore regions
which can be changed by human activity, are among the critical
development-related environmental parameters which can be
studied, in conjunction with appropriate field measurements,
and eventually routinely monitored by remote-sensing.

III - CURRENT STATE OF KNOWLEDGE

The utilization of remote-sensing techniques in environ-
mental surveys and resource inventories has made great
strides during the last few years with the development of
advanced instruments carried by aircraft and satellites.
The early meteorological satellites had a ground resolution
of a few miles and a broad-band spectral response which made
them well-suited to meteorological studies and forecasting
but inadequate for environmental surveys. The ground resolu-
tion of the sensors has been gradually much improved over
the years and thermal sensors were added for cloud and sea
temperature measurements, but generally the relatively low
ground and spectral resolution of the meteorological satel-
lites is a limitation for environmental surveys.

The initiation of a series of Earth Resources Technology
Satellites (now renamed Landsat) in July 1972 was intended
to fill the need for synoptic and repetitive surveys of
environmental conditions on the land and the near-shore sea.
With a ground resolution of about 80 meters and sensitivity
in four visible spectral bands, Landsat-1 and 2, have ful-
filled that promise beyond all expectations. Landsat 3 was
launched on March 5, 1978 and is acquiring MSS data in all
four spectral bands as well as RBV data which provides
higher ground resolution (40 meters) than either of the
first two satellites. Unfortunately the thermal spectral
band on Landsat 3 never worked properly and very little
useful data was acquired from it.

The development of techniques for analyzing and inter-
preting Landsat have proceeded at an even more rapid pace
than the satellite hardware. While in 1972 much of the
Landsat data interpretation was done by visual photointer-
pretation, the last four years have seen major developments
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in photographic, optical and, in particular, digital tech-

niques for processing and interpreting the Landsat data.

Some of these techniques, applicable to OCS studies, will be

discussed in section V and VI of this report.

Through the impetus provided by the national commitment

to satellite observations of the earth, the aircraft remote-

sensing program has also made great strides in the last few

years. While in the early 1960's airborne platforms were
mostly used for aerial photography, the late 1960's saw the

development of advanced multispectral scanners, thermal
scanners, side-looking radars and microwave radiometers,
partly for the testing of future satellite hardware and

partly because the airborne observations serve for middle-
altitude observations between ground and satellite measure-

ments as part of the multistage sampling technique. Two
philosophies are apparent in the airborne remote-sensing
program: the first, exemplified by the NASA program as well

as several universities and industrial agencies, involves
relatively large aircraft and sophisticated instrumentation
which produce vast quantities of data usually applied to
intensive, non-repetitive surveys of relatively small
areas. The second approach uses airborne remote-sensing in
a truly supporting role for ground-based or satellite measure-
ments. The aircraft are smaller and the instrumentation
usually consists of proven, simpler instruments such as
aerial cameras, single-band thermal scanners, and single
wavelength side-looking radars which usually generate data
only in photographic format. The costs of data acquisition
and data processing, while they are not small, are suffi-
ciently low that the approach is often used for repetitive
surveys of relatively large areas. In our opinion the
second approach fulfills best the needs of the NOAA/OCSEAP
program and we have been working very closely with the NOAA
Arctic Project Office toward the implementation of such a
remote-sensing program.

IV - STUDY AREA

The study area for the project includes the entire
continental shelf of Alaska, except for the southeastern
Alaska panhandle. This area includes the Beaufort, Chukchi
and Bering Seas and the Gulf of Alaska shelves and coastal

zone. Temporal coverage is year-round, although the data
coverage from November 1 to February 15 is limited owing to

the very low solar illumination prevailing at high latitudes
during winter.
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V - SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

A remote-sensing data library and processing facility
was established in 1972 on the Fairbanks campus of the
University of Alaska as a result of a NASA-funded program
entitled "An interdisciplinary feasibility study of the
applications of ERTS-1 data to a survey of the Alaskan
environment". This experimental program, which covered ten
environmental disciplines and involved eight research insti-
tutes and academic departments of the University, terminated
in 1974, but the facility which it established proved to be
so useful to the statewide university and government agencies
that it has continued to operate on a minimal basis with
partial funding from a NASA grant and a USGS/EROS contract.
In view of the large potential demand of the OCS program on
these facilities, a proposal was submitted to NOAA in March
1975 for partial funding of the facility for OCS purposes.
This proposal resulted in a contract from NOAA on June 12,
1975, and the work performed since that time is the basis
for the present report.

As a result of the NASA-funded program, the remote-
sensing data library had total cloud-free and repetitive
coverage of Alaska by the ERTS - now renamed Landsat -
satellite from the date of launch (July 29, 1972) to May
1974 (about 30,000 data products), 60 rolls of imagery
acquired by NASA aircraft (NP3 and U-2) some of which in-
cludes coverage of the Beaufort Sea, Cook Inlet and Prince
William Sound, and substantial facilities for photographic,
optical and digital processing of these data. Through aNOAA-funded pilot project, which studied applications ofNOAA satellite data in meteorology, hydrology, and oceano-
graphy, the remote-sensing data library also had nearly
complete coverage of Alaska by the NOAA satellites sinceFebruary 1974.

A. Remote-Sensing Data Acquired for the OCS Program

1) Landsat data

At the initiation of the project we performed searches
of the EROS Data Center (EDC) data bank for Landsat and
aircraft remote-sensing data obtained over the four areas ofinterest to the OCSEAP program. From the several thousand
scenes so identified, we selected the scenes which we didnot have in our files and which had satisfactory quality and30% or less cloud cover. As a result of this search 566
Landsat scenes (2830 data products) were ordered from the
EROS Data Center in the following data formats:
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-70mm positive transparencies of multispectral 
scanner

(MSS) spectral bands 4, 5 and 7

-70mm negative transparencies of MSS spectral 
band 5

-9-1/2 inch print of MSS spectral band 6

During the first three years of the project, 
2,273

additional cloud free scenes were acquired 
by the satellite

and purchased from EDC.

After March 31, 1977, the EDC price for Landsat 
products

having increased by an average of 166%, we 
reduced our

routine purchase of selected Landsat scenes to 
two formats:

-70mm positive transparency of MSS, spectral 
band 5

-9 1/2 inch print of MSS, spectral band 7

Other formats are ordered on a case-by-case 
basis and at the

request of individual OCS investigators. During the past

year, 533 scenes were added to our files.

2) NOAA satellite data

With the termination of a NOAA pilot project, sponsored

by NOAA/NESS, in October 1975, our acquisition of NOAA

satellite scenes stopped after having accumulated 
1320

images since February 1974. Following an interim arrange-

ment with the National Weather Service, which 
turned out to

be inconvenient for both parties, funding was 
provided by

OCSEAP, starting on 1 February 1976, to purchase NOAA satel-

lite imagery directly from the NOAA/NESS Satellite 
Data

Acquisition Facility at Fairbanks. Under this purchase

order we are receiving two NOAA scenes daily from 
the Bering

Sea pass of the satellite (covering the Beaufort, Chukchi

and Bering Seas) and one scene daily from the interior

Alaska pass (covering the Gulf of Alaska) in both the 
visible

and infrared spectral bands (6 images daily except 
in winter)

for a total of 972 images received during the reporting

period.

In addition we have made arrangements with the NOAA/NESS

facility to save digital tapes of the thermal infrared 
data,

upon request and for the cost of tape replacement, 
for

scenes which are especially cloud-free or of high 
interest

to OCS investigators. These tapes allow the precise mapping

of sea-surface temperatures at locations and at 
times of

special interest to OCS investigators.

3) USGS/OCS aircraft remote-sensing data

In November 1975, we started receiving the remote-

sensing data acquired by USGS aircraft, under a NOAA/OCS

contract, along the Alaskan arctic coast since July 1975.
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These data consist of six 250 ft. rolls of black and whiteaerial photography and 42 strips of side-looking radarimagery. This program terminated in December 1975.

4) NASA aircraft remote-sensing data

Over the last few years the NASA Earth Resources AircraftProgram has flown several missions over preselected testsites within Alaska. The program is directed primarily attesting a variety of remote-sensing instruments and techniquesand to support NASA-sponsored investigations. However, blackand white and color-infrared aerial photography were obtainedon most missions and in particular during the May 1967, July1972, June 1974, and October 1976 missions which includeflights over portions of the Alaskan coast and coastalwaters. We have acquired copies of these data from NASA.

The U-2 imagery of the Beaufort Sea obtained in June1974 is of particular interest to OCS investigators becauseit was obtained during the sea-ice break-up period, itcovers a large area (20x20 mi.) in a single frame with goodground resolution (10 ft.), and nearly concurrent Landsatdata are available. Similarly, the U-2 imagery of thenorthern Gulf of Alaska and Prince Williams Sound, acquiredin October 1976, is of excellent quality.

During June 1977 the U-2 aircraft once again acquiredphotography over Alaska. New flight lines, mostly in thePrudhoe Bay area, using a 6" and 12" focal length lens wereflown and copies of the data are included in our files.

This year several state and federal agencies combinedefforts to obtain high altitude aerial photographic coverageof the whole State of Alaska. This imagery will be acquiredby NASA over a three-year period which commenced in summer1978. Approximately fifty percent of the state was satis-factorily covered in the first year's effort. Two camerasare being used with focal length lenses of 6" and 12" result-ing in black and white coverage at 1:120K scale and colorinfrared coverage at 1:60,000 scale. Coastal areas coveredthis year include Point Hope to Cape Espenberg, most all ofKodiak Island and most of the coastal areas from Seldovia toGlacier Bay. Although copies of this imagery are not yet inour files, we do have the indices and are able to obtain theimagery for investigators.

Currently a C-131 aircraft from Nasa Lewis Research
Center in Cleveland, Ohio is in Alaska and has made severalSLAR flights in the Beaufort and Bering Seas with an X-Bandradar. Copies of these data will be made and archived inour data library.
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5) NOS aircraft remote-sensing data

In spring 1976 we learned that the National Ocean

Survey's (NOS) Buffalo aircraft was scheduled to obtain

aerial photographic coverage of Shelikof Strait during

summer 1976. Knowing that this area is frequently covered

by clouds, we requested NOS to acquire aerial photography of

other areas of the Alaskan coastal zone on a non-interference

basis with their primary mission. NOS agreed to do so for

the cost of the raw film. As a result 1316 frames of color

aerial photography were acquired, covering the entire 
coast

from the Yukon delta to Cape Lisburne and several 
isolated

areas in the Gulf of Alaska.

During July 1977 the NOS aircraft flew additional

flight lines on the Chukchi and Beaufort coasts extending

our coverage eastward to the mouth of the Kogu River, in

Harrison Bay. This medium scale photography is of excellent

quality and has been used heavily by OCS investigators.

6) Army aircraft remote-sensing data

With the termination of the USGS/OCS remote-sensing

data acquisition program in December 1975, an important need

developed for all-weather remote-sensing coverage of the

Beaufort and Chukchi coasts during critical periods (end of

winter and end of summer). We worked closely with the

OCSEAP Arctic Project Office and with a major user (Dr. Cannon,

RU #99) in investigating various options culminating in a

contractual arrangement with the U. S. Army remote-sensing

group at Ft. Huachuca, Arizona.

Under this contract an Army Mohawk aircraft equipped

with an all-weather side-looking radar (SLAR) flew two

missions in Alaska in May and August 1976 resulting in

complete SLAR coverage (51 flights) of the Beaufort and

Chukchi shelves during the critical periods. These data

have been heavily used, particularly by OCSEAP RU #88 (Weeks)

and RU #99 (Cannon). An April 1977 SLAR mission was flown

which resulted in spring sea-ice coverage of the Chukchi and

Beaufort coastlines as far east as Camden Bay.

During this reporting period arrangements were made by

NOAA/BLM and USA/CRREL to obtain SLAR missions along the

Beaufort coast on a regular basis. The imagery is obtained

by an Army Mohawk OV-1B and to-date data has been received

on a monthly basis since December 1978. The film is copied

in the Geophysical Institute photo lab, transparencies made

as well as several copies of prints for distribution. The

original imagery is then returned to the Army and a copy is

retained in our file.
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7) Near-real-time satellite imagery

Near-real-time satellite imagery is now available to
OCS investigators through the Remote-Sensing Library. Air
Force weather satellite imagery (DMSP) is received at Elmendorf
Air Force Base near Anchorage and shipped daily to the Geo-
physical Institute. Also, Landsat quick-look data from
selected scenes is received from Canadian sources two or
three days after acquisition. These new data products are
made possible through a State-funded project to evaluate the
utility of near-real-time satellite imagery to Alaskan
problems. OCS has made extensive use of these data, primarily
to determine sea-ice conditions.

8) Preparation and distribution of remote-sensing data
catalogs

All the remote-sensing data available in our files forthe Alaskan continental shelf have been indexed and plotted
on maps. Catalogs summarizing the availability of thesedata and providing instructions for selecting and ordering
data have been prepared and distributed to all OCS investi-
gators as appendices to the series of Arctic Project Bulletins
(Nos. 6, 9, 10, 12, 14, 17, and 22). In addition we havedeveloped a file of catalogs and photo indices of aerialphotography obtained by federal, state and industrial agenciesin Alaska, and we attempt to stay informed on plans for
future aircraft photographic missions.

B. Remote-Sensing Data Processing Facilities and Techniques

The facilities and equipment commonly used for remote-sensing data processing are listed in Figure 1. Most ofthis equipment is not devoted exclusively to remote-sensing
data processing but arrangements have been made to supportthe needs of the OCS investigators on a time-share and work-order basis, and to take into account the needs of the OCSprogram in any planned modifications or expansions.

The optical and photographic processing techniques
developed for the remote-sensing program are described inthe flow diagram of Figure 2.

Photographic processing probably needs no further
explanation. The full range photographic laboratory of theGeophysical Institute is well adapted to the generation of
custom, as distinct from production run, photographic products.
However, the available equipment limits photographic enlarge-
ments to 16x20" maximum size from 8x10" originals. Electro-nically dodged prints or transparencies are produced bycontact printing only.
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Centralized Data Processing Facilities

Figure 1



Optical and Photographic Pocessing

Figure 2



Optical processing revolves around 
the use of special-

ized equipment such as the multiformat 
photo-interpretation

station, the zoom transfer scope, 
the color additive viewer

and the VP-8 image analyzer in addition to conventional

light tables, stereoscopes and 
a binocular zoom magnifier.

Multiformat Photo Interpretation 
Station - Analysis of

aerial imagery in roll form is a 
cumbersome task and is

likely to damage the original material 
even with careful

handling if one uses ordinary reel 
holders and a light

table. With stereo coverage, it is impossible 
to achieve

stereo viewing with the frames appearing 
on the roll format

unless one uses the photo interpretation 
machine. It can

accommodate either 5-inch or 9-inch 
film formats and the

film transport adjusts to permit 
stereo viewing with varying

amounts of forward lap between frames. 
The viewing turret

includes zoom binoculars with up to 
5X magnification.

Zoom Transfer Scope - The time-consuming process of

transferring information from images 
to maps is made consider-

ably easier by the use of the zoom 
transfer scope. This

table-top instrument allows the operator 
to view simultan-

eously both an image and a map of 
the same area. Simple

controls allow the matching of differences 
in scales (up to

14X) and provide other optical corrections 
so that the image

and the map appear superimposed. In 
particular a unique one-

directional stretch capability (up to 2X) allows the matching

of computer print-out "images" to a 
map or photograph.

Color Additive Viewer/projector/tracer 
- This instrument

is primarily intended for the false-color 
recomposition of

Landsat images from 70mm black and white 
transparencies and

tracing information contained on these 
images at scales of

1:1,000,000 and 1:500,000. However it has proved to be very

useful also for superimposing and color-coding 
Landsat

images acquired on different dates and 
looking for change or

movement and for viewing any other enlarged 
image on 70mm

film format.

VP-8 Image Analysis System - The VP-8 image analysis

system provides an electronic means of 
quantizing information

contained in a photograph when the sought 
information can be

expressed in terms of density ranges. 
It consists of:

-a light table having uniform brightness 
and a working

surface of 15x22 inches
-a vidicon camera which transforms the 

photographic

Ctransmittance) data to electrical signals

-an electronic image analyser which quantizes 
and

formats the vidicon signals
-a CRT oscilloscope
-a color television monitor as an output device
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The capabilities of the VP-8 image analysis system
include:

-density level slicing. This feature allows lines of
uniform density on the input image to be displayed as
contours. These contours form the boundaries of density
bands which are displayed as up to 8 color bands on the
color television monitor. The base density levels and
the density range of the bands are individually as well
as collectively variable. An example and illustration
of the density slicing technique applied to coastal
sedimentation studies was provided in the OCSEAP Arctic
Project Bulletin No. 7, Appendix C, "Environmental
Assessment of Resource Development in the Alaskan
Coastal Zone based on Landsat Imagery" by A. E. Belon,
et al, University of Alaska.

-single scan line display. Any single horizontal scan
line of the vidicon camera can be selected for display
on the CRT oscilloscope by positioning a horizontal
cross-hair on the image. This display of a single scan
line is effectively a microdensitometer trace.

-digital read-out of point densities, selected by adjust-
able cursors or of total area of the image having a
given (color-coded) density range. For instance the
VP-8 image analysis system is well adapted to the area
measurement of sea-ice, newly refrozen ice, and open
water in any area of the Beaufort Sea imaged by Landsat.

-3-D display. This mode of operation allows a three-
dimensional presentation where the X and Y coordinates
of the original image are displayed in isometric pro-
jection and intensity information is shown as a vertical
deflection. Subtle features of the image which are
often lost on level-sliced displays, become obvious in
3-D displays.

-5X magnification. This feature allows the expansion of
a small part of the image on the 3-D display to full
screen size.

The digital data processing equipment available to the
OCS investigators include the main University computer, a
Honeywell model 66/20 with 1 M bytes of core memory, which
has a remote time-share terminal at the Geophysical Institute,
a NOVA 820 data preprocessing computer as well as conventional
line printers, plotters and digitizers. Most remote-sensing
imagery in digital format is reformatted, classified or
otherwise processed on offline computing systems. An overall
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flow diagram of digital processing of Landsat 
imagery is

illustrated in figure 3 and discussed later in this report.

Once the digital data have been processed, 
they are dis-

played on line printer maps or the digital 
image film

recorder.

Digital Color Image Recorder - It often is necessary to

reconstitute an image from the processed digital 
data in

order to convey information in the most suitable 
form to the

human mind. Also, if one deals with multi-spectral data it

is impossible to convey the density of information 
required

without the use of color. A digital image recorder with the

capability of reconstituting color products was 
procured and

installed in 1976 using State of Alaska funds appropriated

to the University of Alaska Geophysical Institute. 
Basic-

ally it is a rotating-drum film recorder which 
produces four

simultaneous standard images on film up to 8x10" in 
size.

Density resolution is 255 levels of gray, and spatial

resolution is 500 lines per inch. Recording rate is 1.5

lines per second. Any combination of the four negatives so

produced can be registered and printed with suitable 
filters

to produce a reconstituted color negative which can be

processed and enlarged photographically.

Remote-Sensing Data Interpretation Techniques - The

basic techniques for remote-sensing data reduction and

interpretation are described in flow diagram format in

figure 2 (optical and photographic data processing) and

figure 3 (digital data processing). The techniques for

visual photointerpretation, as applied to sea-ice mapping;

for density slicing, as applied to sea-surface suspended

sediment mapping and transport; and for digital data process-

ing, as applied to ecosystem thematic mapping, are described

in the OCSEAP Arctic Project Bulletin No. 7, in particular

its Appendix C "Environmental Assessment of Resource Develop-

ment in the Alaskan Coastal Zone based on Landsat Imagery"

by A. E. Belon, J. M. Miller and W. J. Stringer.

Variations of these techniques offer considerable

promise of effective applications to OCS studies, but are

too numerous and varied to be discussed in detail here.

Usually they are developed in cooperation with individual

OCS investigators for application to a specific project.

Therefore we refer to the reports of other OCS investigators

for detailed descriptions of applications of remote-sensing

data to disciplinary studies.
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Figure 3 Digital Processing of Landsat Imagery

Flow chart of the unsupervised classification algorithms used
for generating ecosystem maps of the Alaskan coastal zone from
Landsat digital imagery.
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C. Consultation and Assistance to OCS 
Investigators

This activity may be subdivided into two parts: 
general

assistance to all OCS investigators provided through 
the

Arctic Project Bulletins, program planning and 
negotiations

and meetings/workshops; and individual assistance through

consultation, training sessions on the use of remote-sensing

data and equipment, and cooperative data analyses.

1. General Assistance

In order to familiarize OCS investigators with 
the

available remote-sensing data, processing equipment, 
and

interpretation techniques, we prepared seven substantial

reports which were included as appendices to the OCSEAP

Arctic Project Bulletins Nos. 6, 7, 9, 10, 12, 14, 17 and

22 and distributed to all OCS investigators active 
in studies

of the Beaufort, Chukchi and Bering Seas and the Gulf 
of

Alaska.

The appendix to Arctic Project Bulletin No. 6 
described

the operation of the remote-sensing data library, 
provided

catalogs of Landsat and aircraft data available 
in our files

and provided instructions to OCS investigators on 
the selection

and ordering of these data.

The appendix to Arctic Project Bulletin No. 7 described

the facilities and techniques available for analyzing 
remote-

sensing data and included a scientific report in which 
these

facilities and techniques were used to analyse and interpret

remote-sensing data in three representative investigations

of the Alaskan continental shelf: sea-surface circulation

and sediment transport in the Alaskan coastal waters, studies

of sea-ice morphology and dynamics in the near-shore Beaufort

Sea, and mapping of terrestrial ecosystems along the Alaskan

coastal zone.

The appendix to Arctic Project Bulletin No. 9 provided

a cumulative catalog of all available OCS remote-sensing

data including Landsat and NOAA satellite data, USGS/OCS

aircraft data and NASA aircraft data.

Arctic Project Bulletin No. 10 provided a catalog of

the SLAR (Side-looking radar) imagery obtained by the Army

Mohawk remote-sensing aircraft in May 1976.

The Appendix to Arctic Project Bulletin No. 12 provided

an updated catalog of satellite and aircraft remote-sensing

data acquired since the issuance of the cumulative catalog

of Bulletin No. 9.
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Arctic Project Bulletin No. 14 provided a catalog of
the SLAR imagery obtained in May 1977 by the Army-Mohawk
aircraft.

Arctic Project Special Bulletin No. 17 provided an
updated catalog of satellite and aircraft remote sensing
data acquired through the spring and summer field season of
1977.

Arctic Project Special Bulletin No. 22 provided an up-
dated catalog of Landsat and NOAA imagery acquired throughthe spring and summer field season of 1978.

Although the existing remote-sensing data base is veryuseful in supporting OCS disciplinary projects, there is
also a vital need for an airborne remote-sensing data ac-
quisition program dedicated to OCS purposes. To this end wehave worked very closely with the NOAA Arctic Project Office
in attempting to implement such a program. We participated
in several meetings at the Geophysical Institute and one atBarrow in an attempt to set the USGS/OCS airborne remote-sensing data acquisition program on the right course, andtook over responsibility for cataloguing, reproducing anddisseminating these data. When this program failed and wasterminated in January 1976, we studied alternatives andrecommended several options to NOAA, one of which was acontractual arrangement with the U. S. Army remote-sensing
squadron at Ft. Huachuca, Arizona. This recommendation wasimplemented, and two missions of the Army Mohawk remote-
sensing aircraft were conducted in May and August 1976,resulting in high quality SLAR imagery of the Beaufort,
Chukchi and Gulf of Alaska shelves at critical period.Another mission was conducted in April 1977. In parallel
with these activities we have negotiated with NASA for theacquisition of high altitude (U-2, 65,000 ft.) aerial photo-graphy of the entire Alaskan coastal zone. This program wasapproved by NASA at no cost (so far) to NOAA/OCSEAP. Thefirst attempt to acquire the requested data, in June 1975,failed because of prevailing heavy cloud cover during the 3weeks the U-2 aircraft was in Alaska. A second attempt,unfortunately delayed until October 1976, was partially
successful and acquired high quality aerial photography ofthe Gulf of Alaska and Prince Williams Sound. Due to ex-cessive cloud cover very little usable U-2 imagery wasacquired from the June 1977 mission; however, two flightlines in the Prudhoe Bay area were of good quality. We alsoparticipated in successful negotiations with the National
Ocean Survey for acquisition of color aerial photography ofthe Bering and Chukchi Sea coasts during a previously scheduledmission of their Buffalo aircraft to Alaska in summer 1976.
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Excellent medium altitude photography was acquired from 
the

Yukon delta to Cape Lisburne, as well as isolated areas 
of

the Gulf of Alaska coast. In summer 1977 NOS again flew

several flight lines, extending from Cape Sabine on the

Chukchi Sea coast to Cape Halkett on the Beaufort 
Sea. This

imagery is of excellent quality and is archived here 
for OCS

investigators' use.

While the OCSEAP Arctic Project Office and our project

have been fairly successful in negotiating remote-sensing

data acquisition by other agencies on an irregular basis,

such arrangements are not wholly satisfactory on a long-term

basis because the type and format of the data vary from one

mission to another and the frequency of data acquisition is

insufficient to provide timely observations and good statis-

tical information on coastal zone conditions and processes.

For this reason we worked with the Arctic Project Office on

a plan which would utilize a Naval Arctic Research Laboratory

(NARL) C-117 aircraft, remote-sensing equipment available

from several sources, and local processing of the data to

provide more frequent and more relevant data on a consistent

format.

OCSEAP agreed with this plan and contracted with NARL

for the airborne data acquisition program and with our

project (RU 267) for the processing of the data. The Cold

Regions Research Laboratories (CRREL) provided a Motorola

side-looking radar and a laser profilometer, as well as a

qualified engineer, to NARL, and we located and secured four

aerial cameras for installation in the aircraft which was

subsequently modified and committed to a remote-sensing

program by NARL. Our project also acquired wide-film process-

ing and printing equipment and constructed a photographic

laboratory for processing of the data acquired by the NARL

aircraft. Unfortunately, the NARL data acquisition program

failed after acquiring very little SLAR data, and it was

terminated by OCSEAP in the spring of 1978.

The most recent attempt to acquire SLAR data on regular

basis is based on a contract, through CRREL, to the local

(Ft. Wainwright) Army Mohawk squadron which obtained well-

equipped, new model, remote-sensing Mohawk aircraft in early

1978. A trial mission was flown at our request in September

1978 as a training army mission. The resultant SLAR data of

the Beaufort Sea coast proved to be of sufficiently good

quality that formal arrangements were made for identical

flight lines to be flown on a monthly basis during winter

1978/79. Good quality SLAR data have been received for

December 1978, January, February and March 1979. They
provide for the first time excellent coverage of Beaufort

sea-ice morphology and dynamics during the important mid-

winter period when other remote-sensing data are not avail-

able owing to the absence of daylight.
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2. Individual Assistance

Individual assistance to OCS investigators involves con-
sultations on the applicability of remote-sensing data to
specific studies, data selection and ordering, preparation
and supervision of work orders for custom photographic pro-
ducts and data processing, training in the use of remote-
sensing data processing equipment and techniques, develop-
ment of data analysis plans and sometimes participation in
or performance of data analysis and interpretation.

This individual assistance has stabilized over the past
year as requests become more site specific and detailed in
nature. 65 OCS investigators utilized our facilities during
the past year, most of them for several hours, and some ofthem repeatedly. In addition, numerous contacts occurred bymail or telephone correspondence. Therefore, it is not
possible to describe in detail these individual activities
but their scope is illustrated by listing the user projects:
RU's numbers 6, 59, 69, 87, 88, 172, 194, 196, 205, 248,
250, 251, 258, 261, 265, 289, 290, 356, 467, 481, 483, 526529, 530, 537. Of these about twelve are using remote
sensing data routinely and six of them (RU no. 205, 530,248, 88, 265, 289) almost exclusively. The principal appli-cations are sea-ice morphology and dynamics, coastal geo-morphology and geologic hazards, sea-surface circulation andsedimentation, sea-mammals habitat and herd habitat mapping.A partial list of users and their needs is included asAppendix A of this report.

VI - RESULTS

The results of the project so far can be separated intotwo categories: the operational results (establishment of aremote-sensing data facility) and the research results(disciplinary applications of remote-sensing data to OCSstudies).

A. Establishment of a Remote-sensing Facility for OCS
Studies

The principal result of the project, as specified inthe work statement of the contract, is that there now existsat the University of Alaska an operational facility forapplications of remote-sensing data to OCS studies. This
facility and its functions have been described in detail inthe previous section of the report. Briefly it consists of:
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1) A remote-sensing data library which routinely
acquires catalogs and disseminates information on

Landsat and NOAA satellite imagery and aircraft

imagery of the Alaskan continental shelf.

2) A remote-sensing data processing laboratory which

provides specialized instrumentation for the

photographic reproduction and optical or digital
analysis of remote-sensing data of various types
and formats.

3) A team of specialists that generates and develops

techniques of remote-sensing data analysis and
interpretation which appear to be particularly
well-suited for OCS studies.

4) A staff that is continually available to OCS
investigators for consultation and assistance in
searching for, processing and interpreting remote-
sensing data for their disciplinary investigations.

As a result of the establishment of the remote-sensing
facility established by our project, about twelve OCS pro-
jects are routinely using remote-sensing data, six of them

almost exclusively, and many more OCS investigators are
occasional users of remote-sensing data.

B. Disciplinary Results of the Applications of Remote-

Sensing Data to OCS Studies

In general, the results of applications of remote-
sensing data to OCS studies will be contained in the annual

reports of the individual projects and need not be repeated
here. However as part of our function to develop techniques
of remote-sensing data analysis and interpretation, we did
prepare a scientific report entitled "Environmental Assess-
ment of Resource Development in the Alaskan Coastal Zone
based on Landsat Imagery" which illustrates the applications
of Landsat data to three important aspects of the OCSEAP
program: studies of sea-surface circulation and sediment
transport in Alaskan coastal waters, studies of sea-ice
morphology and dynamics in the near-shore Beaufort Sea, and
mapping of terrestrial ecosystems in the Alaskan coastal
zone. This report was presented at the NASA Earth Resources
Symposium, Houston, Texas, June 1975 where it was acclaimed
as one of the best presentations. It was also distributed
to OCS investigators as part of Arctic Project Bulletin
No. 7 and is now out of print due to heavy demand in spite
of the fact that 250 copies were made.
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A report (see Appendix B) produced by RU's 267 and 258,
was released in September by the OCSEAP Arctic Project
Office. The report incorporates part of the RU 267 annual
report for 1977 and an article by RU's 267 and 258 in Arctic
Project Bulletin No. 20 to illustrate, by means of historical
Landsat imagery and sea ice morphology maps, the seasonal
sequence of sea ice and sea-surface conditions from fall
freeze-up to summer breakup in the 1979 Beaufort lease sale
area.

C. Results of Beaufort Lease Area Investigations

With the proposed Beaufort Sea lease sale approaching,
emphasis of OCSEAP efforts has shifted from broad synoptic
studies to more site specific investigations. To support
ongoing research, in addition to acquiring general coastal
coverage, we have initiated a search for more detailed data
in and adjacent to the lease area. This section illustrates
with images and maps, information that has been identified
by disciplinary investigators. Our intent is to show
graphically some of the processes that are occurring and
relate them to the area proposed for leasing.

1) Beaufort Coast Mosaic

As a result of a Landsat data search, a series of six
scenes were identified which provide the best available
coverage of the Beaufort coast from Point Barrow to Demarca-
tion Bay during the short open-water season. Sections of
these images were custom enlarged to a scale of 1:250,000
for study by RU's 529-Naidu, 537-Schell and 530-Cannon. One
set of these prints was mosaiced together and is reproduced
here (Figure 4). The imagery shows sediment transport and
circulation patterns along the coast, recorded by reflected
light from the visible red (0.6 - 0.7 micron) portion of the
spectrum. The mosaic contains portions of Landsat scenes:

2910-20203-5 20 July 77
2915-20483-5 25 July 77
5828-19272-5 25 July 77
5830-19384-5 27 July 77
2921-21274-5 31 July 77
2954-21033-5 2 Sept 77

As is usually the case, most of the surface sediment originates
at river mouths and is transported westward along the shore
within the bays and the lagoons-barrier islands systems.
However, there are numerous eddies throughout. In particular,
the effect of the ARCO causeway on the local circulation is
well portrayed.
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Figure 4. Beaufort Sea Coast

A mosaic of Landsat scenes, originally constructed
at a scale of 1:250,000, shows the Beaufort Sea
coast from Point Barrow to Demarcation Bay during
the open water season of 1977.

RU 267 Belon



2) Spring Flooding

Rivers abutting the Beaufort lease area are known to
annually flood as melt water from the Brooks Range flows
downstream onto the still frozen coastal plain. At the
river mouth, a pulse of melt water flows out over the top of
the shorefast ice. On 8 June 1978, fresh water from the
Kupuruk River reached a tide gauge in the Egg Island channel
of Simpson Lagoon (Brian Matthews-RU 526). A sharp drop in
salinity occurred at 3:30 A.M. AST followed by an increase
in sea level starting at 6:00 A.M. Figure 5 is an enlarge-
ment of NOAA image 8407, which recorded the areal extent of
the overflow several hours later. Notice similar flooding
(arrows) associated with the Colville, Sagavanirktok,
Kadleroshilik and Shaviovik Rivers. A Landsat scene CFig. 6)
provides a higher resolution look at the flood occurring
that day to the west on the Colville River. Landsat re-
corded a similar event during 1976, which better shows its
relationship to the lease area (Figure 7). More detailed
information on the 1978 flood is available from Matthews -
RU 526.

3) Sediment Transport and Sea-Surface Circulation

We have undertaken a data search for imagery of the
Beaufort Lease area during the open water season. Approxi-
mately 60 Landsat images have been identified and are filed
by season, from 1972 to 1978. Of these, twelve scenes pro-
vide good details of suspended-sediment patterns and sea-
surface circulation. We are presently examining these
images with RU 529-Naidu, to further analyze the data.
Presented here are four selected scenes that show the range
of conditions observed during the summer of 1977.

Before the ice has broken up and melted (July 13th),
sediments are already visible in Prudhoe Bay and can be seen
in transport westward through Simpson Lagoon (Figure 8).

On July 25th an unusually clear image was acquired
(Figure 9). Here, suspended sediments which appear to be
coming from the Sagavanirktok River are being transported
westward through Prudhoe Bay toward Simpson Lagoon. The
ARCO causeway is clearly visible on the west side of the
bay. This image suggests that the causeway may influence
circulation into the lagoon. Special computer enhancement
is being performed on this scene for more detailed study.

On August 14th (Figure 10) sediments fill the western
half of Simpson Lagoon and extend seaward. Notice the
structure in the sediment pattern along the coast and on
Teshekpuk Lake.
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Figure 5. NOAA Image 8407, acquired on 8 June 1978, shows
the spring overflow of river melt water (arrows)
onto the sea ice on the Beaufort coast. This
scene was acquired a few hours after a sharp
drop in salinity was recorded at a station near
the mouth of the Kuparuk River.



Figure 6. Landsat scene 30095-21281, 8 June 1978 showing
spring overflow in progress on the Colville River.
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Figure 7. Landsat scene 2501-21051, 6 June 1976, shows
spring overflow in the Beaufort lease area as
it occurred that year.

RU 267 Belon
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Figure 8. Sediment transport is seen occurring before theice has cleared Prudhoe Bay, on 13 July 1977.Landsat scene 5816-20024-5.
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Figure 9. An unusually clear image of sediment being trans-

ported from the Sagavanirktok River westward.

The ARCO causeway is visible on the west side of

Prudhoe Bay. Landsat scene 2915-20483-5.
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Figure 10. West edge of the lease area and mouth of the
Colville River on 14 August 1977. Note sediment
structure along shore and in Teshekpuk Lake.
Landsat scene 2935-20585-5.
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Finally, on October 3rd, a much different condition is

seen (Figure 11). The sediments form a broad, diffuse band,

extending up to 15 miles offshore. The distribution of

materials appears quite uniform on both sides of the barrier

islands.

Knowledge of sediment distribution and transport is

important for assessing impact of causeways, gravel islands

or other structures planned in the lease area. Work will

continue with Dr. Naidu - RU 529 to better document the

range and variation of this phenomenon for the entire 7 years

of available data.

4) Sea-Ice Stability

Knowledge about the stability of sea ice in the Beaufort

Lease area is very important in order to plan or evaluate
developmental activities. Landsat imagery has been used to

systematically map sea ice conditions from 1973 to 1977 in
the Beaufort (Stringer - RU 257).

Quick-look Landsat data, obtained by a project funded
by the Alaska State Legislature, shows that recent activity
has occurred in the ice, closer to shore than previously
observed. Figure 12 is a Landsat image acquired on March 18,

1979. It shows a zone of shearing and ice failure near the
Maguire Islands, well inside the 20-meter isobath. This
information is mapped in Figure 13, in comparison to the
previously observed spring ice edge.

It is noteworthy that this Quick-look Landsat image was
obtained and analyzed within 3 days of acquisition by the
satellite. Through normal channels there is a six-week or
greater delay before data is available for analysis. In this
case, the timely acquisition and interpretation of the Landsat
image permitted us to warn agencies working on the ice that
hazardous conditions existed in that area.

As was previously mentioned, repetitive SLAR missions
have been flown along the Beaufort coast this winter.
Figure 14 contains segments from this imagery from four
different flights. They show a progression of ice events
in the Prudhoe Bay area. The data was X band (3.5 cm wave-
length) radar imagery which was originally recorded at a
scale of approximately 1:250,000. On November 28th (Figure 14a)
the ice appears smooth near shore with areas of increasing
surface roughness (bright returns) further seaward. The
upper left corner of the image shows the shear zone, with
open water and floating ice seaward of the ice edge. By
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Figure 11. Prudhoe Bay and the east Beaufort lease area
on 3 October 1977. A diffuse band of sediment
extends beyond the barrier islands. Landsat
scene 2985-20333-5.

RU 267 Belon
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Figure 12. Quick-look Landsat image of sea ice conditions
on 18 March 1979. Features interpreted from
this image indicate failures in the landfast
ice more shoreward than previously observed.
Landsat scene 30378-21001-7.

RU 267 Belon
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Figure 13. Edge of deformation of landfast ice (dotted line),
as mapped from Quick-look Landsat imagery acquired
on 19 March 1979. The heavy dashed line is the
most shoreward edge of the contiguous ice sheet
observed previously by Stringer (RU 257). The
20-meter isobath (light dashed line) is shown
for reference.
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FIGURE 14A 28 NOVEMBER 1978

FIGURE 14B 3 JANUARY 1979

FIGURL 14c 21 FEBRUARY 1979

FIGURE 14D 9 MARCH 1979

FIGURE 14. SIDE LOOKING AIRBORNE RADAR OF THE PRUDHOE BAY

AREA ACQUIRED DURING THE WINTER OF 1978-1979, RU 267 BELOW
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January 3rd (Figure 14b), the open water area has frozen and
the ice edge is out of the image. Other ice features seen
in November can be recognized here, and on the February 21st
and March 9th images as well, indicating little or no move-
ment of the shorefast ice in this area during this period.

Manmade features are well documented by SLAR. In
January (Figure 14b) an ice road extends into Prudhoe Bay to
the Exxon ice island (circular feature). A second road goes
on out to Argo Island (faintly visible) 9 miles offshore.
Along the coast to the east is yet another road. By mid-
February (Figure 14c) a large maze of roads and trails is
evident. An area of high returns can be seen on Reindeer
Island, 10 miles north of Prudhoe Bay, indicating substantial
human activity there. At the east, near the edge of the
image, a new feature appears on Tigvariak Island. The March
flight (Figure 14d) covers an area further to the south than
previously imaged. In addition to ice features, the main
network of roads in the Prudhoe Bay oil field is clearly
displayed. SLAR, due to its all-weather characteristics, is
an important source of information for sea ice conditions as
well as monitoring activities in the Beaufort lease area.
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VII & VIII - DISCUSSION AND CONCLUSIONS

The principal objective of the contract, 
as specified

in its work statement, has been achieved: 
a facility for

applications of remote-sensing data 
to outer continental

shelf studies has been established at the 
University of

Alaska and is now fully operational.

The remote-sensing data library has acquired 
all avail-

able cloud-free remote-sensing imagery 
of the Alaskan con-

tinental shelf, catalogued it and provided 
information on

its availability to all OCS investigators 
through the series

of Arctic Project Bulletins.

Existing instrumentation for analyzing remote-sensing

data has been consolidated into a data processing 
laboratory

and techniques for its use have been developed 
with parti-

cular emphasis on the needs of the OCSEAP program. 
New

instrumentation is being acquired and new 
analytical techniques

are continually being developed from this contract 
and other

funding sources.

The staff of the project is interacting with a 
number

of OCS investigators, providing consultation 
and assistance

in all aspects of remote-sensing applications 
from data

searches and ordering to advanced analyses 
of the data in

photographic and digital format. We have also worked very

closely with the OCSEAP Arctic Project Office 
in designing

an interim remote-sensing data acquisition 
program using

contract and aircraft missions by other agencies.

At this time about twelve OCS projects are using 
remote-

sensing data and processing facilities routinely, 
some of

them almost exclusively of other research activities, 
and

many more OCS investigators are occasional users 
of remote-

sensing data. As the focus of OCSEAP changes from synoptic

studies to the leasing process, requests have become 
more

detailed and site specific. Studies of processes and potential

impacts on individual areas rely heavily on historical

remote sensing data and detailed interpretations 
on a case

by case basis. It is important to collect and archive

available coverage as well as assist in the acquisition 
of

more detailed imagery of key areas.

It is clear from the foregoing discussions and from

consultations with OCS investigators, regarding their 
study

plans for the next year, that there will be a continuing

need for the research support that our project provides. 
We

intend to submit a continuation proposal to NOAA for this

purpose.
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IX - SUMMARY OF FOURTH QUARTER OPERATIONS

This quarterly report covers the period January 1 toMarch 31, 1979.

A. Laboratory Activities During the Reporting Period

1. Operation of the remote-sensing data library

We continue to search continuously for new Landsatimagery of the Alaskan coastal zone entered into theEROS Data Center (EDC) data base. During this report-ing period 121 new scenes have been received at a totalcost of $2580. We also searched the files retroactivelyfor higher-resolution RBV imagery and many of thesescenes were added to our files of early spring throughlate fall 1978 acquisitions.

We continued to receive three daily scenes fromNOAA satellite for a total of 268 scenes at a cost of$2,281.40. Again, owing to the low solar illuminationduring January and February, images in the visiblespectral band were not acquired by the satellite forthe first six weeks, but the thermal IR images whichdepend on emitted, rather than reflected radiation,were received throughout the reporting period.

Under a State-funded project we are receiving AirForce weather satellite imagery (DMSP) on a daily near-real-time basis. During this reporting period 90scenes were received in a variety of data products.

Side-looking Airborne Radar (SLAR) imagery of theBeaufort coastline from Oliktok Point to Brownlow Pointwas obtained on January 3, February 21 and March 9,1979 and copies are available in our files.

Imagery from the statewide high-altitude aerialphotography program (see section V.A.4) has just ar-rived at the remote sensing library. We are currentlyinventorying and indexing the coverage, which will beavailable for investigators soon.

2. Operation of data processing facilities

During this quarter, we have made a variety ofphotographically enhanced custom products for severalinvestigators. Imagery of the Beaufort coast duringthe summer often contains an extreme brightness range
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caused by the presence of highly reflective ice cover

next to a relatively dark water mass. Standard data

products, printed for average brightness values, fre-

quently fail to provide the detail required, parti-

cularly in water-sediment features. By custom printing

for special contrast control, we have been able to

produce the needed information to facilitate these

investigations.

3. Development of data analysis and interpretation

techniques

As a result of our data search for the open water

season, one particularly clear Landsat image of the

Prudhoe Bay, Simpson Lagoon area was identified (see

Figure 9, this report). It shows sediments from the

Sagavanirktok River being carried westward to the

lagoon around the ARCO causeway. At the request of RU-

529 (Naidu), we are performing a computer enhancement

of the image for more detailed analysis. The final

product will be enhanced and density-sliced images

produced on our color film recorder.

4. Consultation and assistance to OCS investigators

Sixteen OCS investigators requested our assistance

in searching for, obtaining or analysing remote-sensing

data. Some visitors to our facility are not formal

OCSEAP investigators but their activities are OCSEAP-

related and they are mentioned here. Users (OCS and

non-OCS) this quarter included:

John Hall, RU 481, telephoned a request for a

specific Landsat transparency of Hinchinbrook Island

for use in a publication. A 70 mm transparency was

ordered and sent to him.

Seelye Martin, RU 87, asked for a detailed map of

Landsat orbit tracks to correlate his spring cruise in

the Bering Sea to possible Landsat acquisition on the

same dates.

Curt Wallace (Shapiro RU 265) looked through all

of the NOAA data on file to compare visible ice con-

ditions and other data received on this project.

John Smith, a student working with Peter Mikkelson,
looked through imagery of the Copper River Delta and
used the Zoom Transfer Scope to transfer information
from the imagery to his maps.
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Juergen Kienle, RU 251, requested enhanced images,
both NOAA and DMSP, of a volcanic eruption of Westdahl
on Unimak Island. Several enhancements were made and
assistance given in interpreting these images.

Brendan Kelly, (Burns RU 248) asked for current
imagery of the Gulf of Anadyr to aid in navigation on a
planned cruise in the Bering Sea. We obtained NOAA andDMSP imagery for the day prior to his departure and
also sent additional images for pick-up at a later
date.

Stu Rawlinson (Cannon RU 530) ordered and received
a considerable number of Landsat and aerial images to
aid in a shoreline study of the Beaufort coast. He
also borrowed imagery from the Remote-sensing Library
to map river deltas along the coast.

Jeff Brotnov, OSI-Seattle, who is involved in wet-land mapping of the North Slope asked for any liter-
ature we might have concerning this area. We referred
him to Jack Mellor who has done similar work on the
North Slope and also gave him a tour of our facility toacquaint him with equipment and imagery available here.

David Dirkins, Yellowknife, N.W.T., asked for anycatalogs available listing Landsat imagery of the Beau-fort Sea. He is interested in mapping offshore ice
beyond the 30-meter distance. We suggested that he
talk with Dr. Stringer (RU 257) who has done similarwork in the Beaufort and sent him a catalog of remote-sensing data. He plans to visit the facility in thefuture and utilize the imagery as an aid in scene
selection.

Thomas Rothe, U.S.F.& W. S., looked through NOAAdata for information on a severe storm in the Yukon
Delta area. He also ordered all available U-2 photo-
graphy of Prudhoe Bay.

Rich Kornbrath, USGS Conservation Division, is
involved with evaluation of geologic and geophysical
data of the Beaufort lease tracts for oil and gas
development and the geologic hazards which might be en-countered. For this reason he spent a day in ourfacility discussing ways Landsat might be useful inthis evaluation and browing through file copies ofimagery of the lease area. While here we also intro-duced him to personnel working with the OCSEA Programto compare notes on work being undertaken.

294



Terry Ralston, Exxon-Houston, submitted 
an order

for Landsat imagery of the Beaufort 
Sea area. He

receives our catalogs of remote-sensing 
imagery and

used these for his scene selection.

Bruce LaRose, Office of Pipeline Coordinator, 
re-

quested aerial photography of the 
Prudhoe Bay area

which we ordered and sent to him.

Claus Naske, RU 261, ordered several 
images for

inclusion as illustrations in a book 
he is writing.

Austin Kovacs, RU 88, looked through the SLAR

imagery obtained this season and was 
given a set of

prints for his files. He also made arrangements to

receive quick-look data while in the 
field.

Arne Hanson (NARL) spent several days looking

through Landsat, NOAA and DMSP imagery 
available in our

files.

Fred Sorenson, U.S.F.& W.S., asked for our help in

selecting one NOAA or DMSP image a 
week to send him

showing ice conditions at that time. 
This is in con-

nection with his study tracking polar 
bears in Beaufort

Sea.

Jerry Kreitner, State Division of Mineral 
and

Energy Management contacted our office 
and requested

information concerning sea-ice activity 
northeast of

Prudhoe Bay. New leads, forming in the area of a 
joint

State/USGS drilling and seismic project, 
are causing

concern about the safety of the operations. 
Quick-look

Landsat imagery was acquired and a map 
of current ice

conditions was sent to DMEM (see Figures 12 & 13, this

report).

B. Estimates of Funds Expended

Expenditures of the project were $7,340 
in January,

$2,817 in February, and an estimated $8,000 
in March. There

was also an outstanding, but unpaid, 
obligation of $13,006

for purchases of remote-sensing data 
from NOAA/NESS and the

EROS Data Center. Thus total expenditures of the project

for the reporting period are estimated 
to be about $31,163.
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APPENDIX A

FIRST TO THIRD QUARTER USER ACTIVITY
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APPENDIX A

FIRST TO THIRD QUARTER USER ACTIVITY

In addition to those users mentioned in our summary of fourth-

quarter operations, the following persons utilized our facilities during

the previous nine months of the 1978/79 reporting period, either as

OCSEAP investigators or in CCSEAP-related activities:

Don Schell (RU 537) discussed methods of data analysis with our

applications specialist. He is interested in salinity and nutrient

distribution on the Beaufcrt coast between Pt. Barrow and Prudhoe Bay.

Landsat imagery was ordered for visual photo interpretation on an

experimental basis.

Kristina Ahlnas (Royer, RU 289) continues to look through daily

NOAA and DMSP imagery and orders enhanced products of certain scenes.

Brian Matthews (RU 526) asked for any satellite imagery that would

verify data he had which showed a marked drop in salinity in the Simpson

Lagoon on June 8, 1978. Enlargements of NQAA imagery for several days

preceding that date were made for him in order to document gradual

melting and run-off leading to freshwater flooding of the shorefast ice.

Dick Hoopes (National Weather Service) visited the library to

beccme familiar with data available here and asked for copies of any

NOAA or DMSP imagery which would be useful for their daily ice fore-

casts.

Mitchell Taylor (University of Minnesota) called to ask for imagery

for a polar bear study he is involved in. We told him that we had

already conducted a search for imagery and had furnished NOAA imagery to

one of his co-workers, Fred Sorenson. Mr. Taylor was not aware of this

and thought that it would be adequate. Recently Mr. Sorenson again

contacted us and would now like a search done for Landsat imagery to

give more detail on ice conditions for a given date and site in the

Chukchi Sea.

Gary Wohl (Oceanographic Services Inc.) telephoned to ask for a

data search for Landsat imagery in an area in the Bering Sea to aid in

his study of sea ice. A complete listing was sent to him and he asked

that we order the scenes for him. Since it was an extremely large order

it has been only partially filled at this time.

Jerry Kreitner (Office of the Pipeline Coordinator) asked for

recent aerial photographs of Prudhoe Bay to aid in an environmental

impact statement being prepared for a gas conditioning plant. Photos

from a 1977 NASA U-2 mission were plotted on a map and sent to him.
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Louis Barton (Alaska Department of Fish & Game, Anchorage) askedthat we send him sample prints of NOS aerial photography to see if itwould be useful in his study of herring along the coast of the Seward
Peninsula. Representative copies of CIR and natural color were sent tohim and he later returned them with the intention of personally browsingthrough the photography on file here in the near future.

Kris Tommos (RU 290) asked for a data search in the Bristol Bayarea to help correlate marine sediment data to surface circulation.
Several Landsat images were ordered for her.

Jack Mellor (BLM) used our light table to view aircraft imagery ofthe northern sea coast.

Ron Metzner (RU 248/249, 250)viewed all the SLAR imagery we have ofthe Beaufort Sea area.

Jim Scudd (USGS) ordered NOS aerial photography of proposed drill-ing sites in the Barrow, Cape Simpson area.

As a special service to Dr. Frank Fay (RU 194), we received dailyNOAA images of the Bering Sea and forwarded then to him for pickup atSavoonga. These current NOAA images aided him in determining where theRV Surveyor should proceed and thereby eliminated a considerable amountof wasted time searching for the edge of the pack ice.

Niren Biswas (RU 483) looked at NOAA and Landsat imagery whichmight be useful in the evaluation of ice-quake activity in the Nortonand Kotzebue Sound areas. A standing order for Landsat imagery for thearea for a specific time period was placed for him.

Peter Reinhardt and Miles Hayes (RU 59) called from the Universityof South Carolina and asked for appropriate summer and winter Landsat
imagery of Kodiak Island. A selection was made and enlargements orderedfor then.

George Divoky (RU 196, Pt. Reyes Observatory) visited our facilitywhile in Fairbanks for an OCSEAP meeting and spent several hours browsingthrough the last year's NOAA and Landsat imagery and ordered severalprints.

Joe Truett (RU 467, LGL Ltd.) looked at the recent Landsat imageryof Simpson Lagoon to update his record of good imagery for that area.

Stu Rawlinson (Cannon, RU 530) asked for assistance in locatinghistorical air photos of the Beaufort coast. Microfiche of USGS mappingphoto indices were studied and an order placed for contact prints andenlargements of these photos.

Seelye Martin (RU 87, University of Washington) called and askedthat orbital maps of Landsat coverage for Spring 1978 and 1979 be sentto him. These were sent to him by return mail and also were included inthe catalogs of remote-sensing data distributed during this reportingperiod.
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Jay Brueggeman (Braham, RU 69) requested a data search for Landsat

imagery of the Norton Sound-Bering Sea area. A list of scenes and their

geographic coordinates, cloud cover and dates of acquisition was sent to

him along with zerox copies of the scenes.

Peter Craig (RU 467, LGL Ltd.) browsed through available Landsat

images from 1977 and 1978 and ordered several of his study area in

Simpson Lagoon.

Erk Reimnitz (RU 205, USGS, Menlo Park) looked through the recent

imagery of the Beaufort Sea and was interested in the latest ice con-

ditions. Copies of that day's DMSP imagery were given to him and prints

made from imagery received after his departure were sent to him.

Dr. Naidu (RU 529) browsed through Landsat images of Simpson Lagoon

and ordered copies of several scenes. He also checked on dates of

satellite coverage for that area so that he could coordinate field

sampling with satellite passes. We are now looking for the imagery for

those dates. Thus far, two scenes have been entered into the data base

and should be available for his use very shortly.

David Mason (RU 356) browsed through our library and ordered

several images which he picked up on his return from doing field work.

Brendan Kelly (Shapiro RU 250) looked through NOAA imagery to

correlate ice data already compiled to the satellite imagery.

Harold Mortensen (Seattle Fisheries) looked through all the avail-

able Landsat data for Iliamna and ordered several images.

Craig Wiese (Sea Grant Office) ordered several Landsat images and

U-2 aerial photographs of the Cordova area.

Faye Alexiev (Research Design, Anchorage) ordered U-2 aerial photo-

graphy of the offshore islands in the Beaufort Sea to use in her study

for the North Slope Borough.

Fred Sorenson (U.S.F. & W.S.) asked for our assistance in choosing

NOAA satellite data from June 1977 through July 1978. Mr. Sorenson is

involved in a project that is tracking a radio-collared polar bear in

its trek across the Chukchi Sea. He knows the geographic location of

the bear for given dates but needed the satellite data to give him

information on ice conditions which may have influenced the bear' s

activities. A search was made and order placed for available NOAA

imagery for him.

David Lapp and George Comfort (Arctic Canada Ltd.) came in to look

for historical ice data for the Prudhoe to Demarcation Point area.

Catalogs listing available data in our library were given to them and

the imagery was made available for their use.
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Wilford Weeks (RU 88) visited to check on the latest imagery avail-able for his study area.

Dr. Naidu (RU 529) looked at and ordered some Landsat imageryshowing sediment and circulation patterns in the Beaufort Sea.

Max Puhl (Polar Research Institute) called to ask about the avail-ability of NOAA imagery and how much imagery we had on hand.

John Burns (RU 248) spent a day looking at both Landsat and NOAAimagery and ordered copies of each.

Teri McClung (Shapiro, RU 250) used our equipment and light tablesin her work for Shapiro.

Steve Barrett (Stringer, RU 258) searched through the files farsea-ice imagery.

Mike McGuire (Cities Service Oil Canpany, Tulsa) visited ourfacility and looked at imagery available. He expressed surprise atfinding such a complete compilation of remote-sensing data for theState.

David Yesner (University of Maine) asked for flight line maps ofthe Port Heiden area.

John Hall (RU 481, U.S.F. & W.S., Sacramento) ordered U-2 andLandsat imagery of the Prince Williams Sound area.

Jim Lockings (graduate student working for Peter Mikkelson) usedthe Zoom Transfer Scope to transfer information from current photos tomaps in their study of the Copper River Delta.

Bob Gleason (SCHIO, Anchorage) called to ask for imagery of thePrudhoe Bay area which shows smoke plumes. He is conducting a study ofthe changes which might occur if more power were generated in thePrudhoe area.

G. Carleton Ray ( John Hopkins University) looked at latest NOAAimagery.

Peter Connors (RU 172, Bodega Marine Lab.) used the Zoom TransferScope to transfer information from NOS aerial photographs to maps. Heused photos he had purchased as well as transparencies from our files.

Jan Cannon (RU 530) periodically checks through the latest imageryand orders those scenes useful to his OCS investigation.

Juergen Kienle (RU 251) looked at and ordered NOAA imagery of avolcanic eruption on Kamchatka Peninsula.
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Christopher Ruby and Peter Reinhardt (Hayes, RU 59) of the Univer-

sity of South Carolina, spent several days in our facility looking

through Landsat, NOAA and NOS imagery and placed several orders for data

of their study areas.

Gene Ruff (Carey, RU 6) checked the latest NOAA imagery to deter-

mine ice conditions before going into the field to pursue their studies

in the Beaufort Sea.
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ICE CONDITIONS IN THE BEAUFORT LEASE AREA

The following report is reprinted, with 
some additions and a

reorganization of the sequence of illustrations, 
from the 1 June 1978

Arctic Project Bulletin No. 20, Outer Continental Shelf Environmental

Assessment Program. It is a joint effort between RU 267 (Belon) 
and

RU 257 (Stringer) to illustrate with satellite 
imagery and interpretive

maps, the sequence of seasonal changes 
of ice conditions in the 1979

Beaufort Sea Lease Area.

The OCS Environmental Assessment Program 
supports the operation of

an "Alaskan Facility for Application of 
Remote-Sensing data to studies

of the Outer Continental Shelf". This project (RU 267-Belon) is primarily

a service function for other OCS projects 
and has three primary activities:

1) operation of a remote-sensing data 
library

2) operation and maintenance of remote-sensing 
data

processing facilities

3) assistance to OCS investigators in data 
selection,

processing and interpretation

To perform these tasks, RU 267 routinely 
collects and archives

remote-sensing data of the Alaskan 
coastal areas; compiles and distributes

data catalogs to OCS investigators; 
performs data searches and obtains

data products on a case-by-case basis; 
operates and maintains analysis

equipment and provides assistance to 
investigators in the application of

remote sensing to individual projects. These activities have been

described in detail in Arctic Project 
Bulletins No. 6, 7, 9, 10, 12, 14,

17 and 20, as well as in the quarterly and annual reports 
of RU 267.

Another OCSEAP project, RU 267 (Stringer), has used Landsat imagery

to map near-shore sea-ice conditions 
in the Beaufort, Chukchi and Bering

Seas. Sea-ice maps have been prepared for 
these areas, covering the

last five ice seasons. In turn, these maps have been used 
to identify

the basic, often repetitive, elements 
of sea-ice morphology and dynamics,

and the associated geophysical hazards, 
in the Alaskan coastal zone.

Both research units (257 and 267) have combined 
efforts to prepare

the following report on ice and other conditions 
in the area of the

Beaufort Sea proposed for leasing in December, 
1979. The proposed lease

area, and the twenty-meter isobath have 
been delineated on the Landsat

images shown. Additionally, on those Landsat scenes where 
the coastline

is obscured, it has been highlighted.

Landsat scenes have been chosen to illustrate 
the variety of con-

ditions typical of an average year. The scenes are displayed here in

seasonal order starting with early stages 
of freeze-up and ending with a

late summer scene showing sediment plumes and drift 
ice.

In addition to the Landsat scenes displayed, 
portions of maps

prepared by RU 257 have been chosen to illustrate 
various aspects of

statistical ice morphology related to the conditions seen on the Landsat

examples.
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FALL ICE FORMATION

Beaufort Sea Lease Area

Landsat Scene 1073-21223

This image was obtained during the early stages of Beaufort Sea freeze-up on October 4,1972. The spectral range of this Landsat band 4 image is particularly sensitive to thin icecover. Most of the ice seen on this image is considerably thinner than 30 centimeters.
Relatively thick ice has formed in the nearshore areas, especially within the barrier-islandlagoons and in Prudhoe Bay.
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Beaufort Lease Area - Midwinter 1976

Landsat Scene 2392-21023 18 February 1976 This mid-winter Landsat

scene shows contiguous ice extending great distances from shore. No

flaw lead is visible. Near the 20-meter isobath (dashed line) along the

seaward boundary of the proposed lease area large ridge systems can be

seen. Condensation trails from water vapor sources in the Prudhoe Bay

vicinity indicate onshore winds which could be partly responsible for

the absence of open lead systems. Almost every year during the winter

and early spring this phenomenon occurs in the Beaufort Sea and persists

for several weeks. The dark patch (a), representative of thin ice to

the west of the main ridge systems, indicates that in the recent past

the ice had been moving leaving this area uncovered. It is likely that

some of the ridges apparent on the scene were created at that time.

Scale 1:1 Million
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Beaufort, Lease Area - Midwinter 1977

Landsat Scene 2752-20505 12 February 77 In contrast to the Midwinter
1976 scene, this midwinter Landsat image shows an active shear zone a
few kilometers seaward of the 20-meter isobath (dashed line). Cracks
appearing to result from shear stress can be seen extending shoreward
of the major fracture system. It is interesting to observe from the

water vapor condensation trails that Prudhoe Bay surface winds are
eastward trending while winds aloft (~70 meters) are bearing approximately
45° to the right, giving them a heading of nearly southeast. Clearly
the surface winds at that time would not tend to hold the ice into
shore as indicated for the Midwinter 1976 scene.

Scale 1:1 Million
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LATE-WINTER OPEN LEADS

Beaufort Sea Leads

Landsat Scene 1234-21175

This Landsat scene shows the proposed lease sale area on Marc 1h 14. UJ :"
a large portion of the Beaufort Sea nearshore ice hds mo.vm toward th easI ;:
2V2 kilometers and is in the process of freezing over, Foilowirg his disl~iC:i!
of pack ice remained stationary and fast with respect to :4hor f~or oVw: :;ix w<:
be noted that this lead has propagated through rhe northern potion ): I:h.
area well inshore (up to 10 kilometers) from the 20 meter isoi;ad•,.
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Beaufort Sea Late-Winter Ice Edge Map

This is a portion of a map showing edges of fast ice (flow leads) observed between 1973
and 1977. This portion of the map shows the area of the proposed lease sale. It can be
seen that the 1973 event was the most shoreward location of ice edge observed. Hence
the lease area appears to be relatively free from lead formation during this period based
on five years' statistics.
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EARLY-SPRING OPEN LEADS

Beaufort Sea Lease Area

Landsat Scene 2-806-20482

This Landsat scene shows sea ice conditions in the proposed lease area on April 7, 1977.

The 12- and 20-meter isobaths have been superimposed on this image along with an outline

of the tracts proposed for the December 1979 lease sale. A fresh set of leads can be seen

across this entire image, and while most of this lead system is seaward of the 20-meter

isobath, several leads can be seen in the region between the 12- and 20-meter isobaths in

the area between Midway and Stockton islands. This image illustrates that the 20-meter

-obath does not represent an absolute barrier to dynamic ice events during the ice season.
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Beaufort Sea Early-Spring Ice Edge Map

Shown here is a portion of a map of edges of contiguous ice observed between 1973 and

1977 for the entire Beaufort Sea. The portions chosen for display includes the proposed

lease tracts. In addition, the 12- and 20-meter isobaths have been illustrated. This map

shows that statistically, the area between the 12- and 20-meter isobaths located between

Cross and Stockton islands has been the site of lead-forming events for several years. This

result illustrates that the 20-meter isobath cannot be taken as the absolute shoreward

limit of shear zone activity in this area.
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SPRINGTIME OVERFLOW

Beaufort Sea Lease Area

Landsat Scene 2501-21051

This scene obtained on June 6, 1976, shows the annual flooding of nearshore ice by the

coastal rivers well under way. Typically of high sun-angle images, individual ice features are

difficult to distinguish. However, the barrier islands forming the seaward boundary of

Simpson Lagoon can clearly be seen in the western portion of the proposed lease sale area.

uring this springtime flooding the coastal rivers are estimated to conduct as much as 80%

of their annual flow and an even greater portion of their annual sediment load. Not all

dark features on this image are associated with river overflow; the pipeline haul road and

road network in the Prudhoe Bay area can also clearly be seen. In addition to these dust

plumes extending from river sandbars and the drilling-pad/road network can also be

311distinguished.
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RIDGE SYSTEMS

Beaufort Sea Lease Area

Landsat Scene 1703-21151

This Landsat scene shows ice conditions in the proposed lease area on June 26, 1974. A

number of sinuous ice features can be distinguished roughly following the 20-meter isobath.

Many of these were confirmed to be ridge systems or hummock fields during an aerial

reconnaissance performed very near this date. It is noteworthy that the best formed of these

features are found well within the 20-meter isobath and in the eastern sector of the

proposed lease area, well within the lease area.
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Beaufort Sea Ridge System Map

Shown here is a portion of a map of all major ridges observed in the Beaufort Sea between

1973 and 1977. It can be seen that in the eastern sector of the proposed lease area many

ridges are roughly coincident with the 20-meter isobath and many are well inshore of that

isobath and well within the tracts proposed for leasing. In the western sector, however,

the principal trend of major ridges bridges the indentation in the 20-meter isobath, leaving

a relative minimum of major ridges within the proposed lease area. Thus the trend observed

on the 1974 Landsat image is borne out by compiled statistics.
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EARLY OPEN WATER

Beaufort Sea Lease Area

Landsat Scene 1721-21143

This scene obtained on July 14, 1974, shows the early stages of nearshore ice melting
following the flooding seen earlier. Significantly the early melting takes place near the

mouths of the coastal rivers. The June 26, 1974, Landsat scene shown in conjunction with
the map of major ice ridges shows this process a little farther along: Not only has melting

taken place but break up of ice inshore of the major grounded ridges is also occurring.

3.14



Beaufort Sea 1974 Open-Water Map

Shown here is a portion of a map showing successive stages of open water in the Beaufort

Sea following the initial flooding in early June. Comparing this map with the corresponding

open-water image obtained on July 14, 1974, shows the rapidity with which the ice breaks

up. On July 14, there was open water only in the vicinity of river mouths. By August 2,

open water existed nearly 50 kilometers off shore.
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Beaufort Lease Area - Early Summer 1977

Landsat Scene 2898-05155 8 July 1977 This early summer Landsat scene
shows breakup ice conditions along the Beaufort Coast. A variety of
processes are at work within the lease area: Far offshore along the
seaward boundary of the lease area a large lead systen has opened up
shifting the pack ice alnost due east by a kilameter. Clearly the ice
seaward of this lead is not well-grounded at this time. It is inter-
esting to note that this lead system nearly coincides with the 20-meter
isobath (dashed line). Inside the barrier islands, overflow waters
from coastal rivers have helped melt the ice adjacent to shore. Further
offshore but still within the lagoons, the ice sheet is breaking into
fragments free to float around the lagoons. This phenomenon indicates
two interesting pieces of information: 1) The ice within the lagoons
was not piled during the winter sufficiently to cause anchoring and
2) The draft of the ice sheet in the areas breaking off is now less than
the water depth which, in turn when compared with bathymetric charts
indicates the state of decay of the fast ice.

Scale 1:1 Million
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STATIONARY SUMMER ICE

Beaufort Sea Lease Area

Landsat Scene 2177-21110

This scene, obtained on July 18, 1975, shows the ice in the proposed lease area in an

advanced stage of break-up. In the area generally off shore from the barrier islands but well

within the 20-meter isobath can be seen an extensive area of isolated ice. This is not an

unusual phenomena in the Beaufort Sea. The ice is often temporarily held in place by

remnants of ridges and other features (sometimes called Stamukhi) grounded on shoals.
Farther off shore, just inside the lease area other grounded features can be seen lying
roughly parallel to the 20-meter isobath. Many of these features are grounded portions of
major ridge systems. In many cases, after the ridges themselves break up, significant
segments of these ridges are driven shoreward by winds or internal pressure within the
adjacent pack ice. This particular year, 1975, was unusual in that this condition. persisted
nearly the entire summer. One large system of grounded ridges (referred to as a "floeberg")
seen seaward of the western portion of the lease area and also seaward of the 20-meter
isobath remained grounded throughout the summer of 1975 and the following winter.
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Beaufort Sea Stationary Ice

Seen here is a portion of a map prepared to show "stationary ice" in the Beaufort Sea.
Because of mid-summer cloudiness, this is a difficult phenomena to document. However,
between 1973 and 1975 several cases showing "stationary" ice have been documented
in the proposed lease area. Upon cursory examination it might appear that a large portion
of the ice seen on Landsat scene 2177-21110 might be stationary. However, careful
comparison of ice seen on successive Landsat images shows that most of this ice is actually
mobile and only a small portion is actually "stationary." Identification of stationary ice in
summer helps identify ice features which may have either been formed as well-grounded
features the previous winter or driven aground during summer.
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Beaufort Lease Area - Sumner 1973

Landsat Scene 1396-21162 23 August 1973 This mid-summer scene shows

sediment plumes fron coastal rivers within the boundary of the proposed

lease area. These sediment plumes should be useful for tracing nutrient

transport resulting from erosion of nutrient-bearing soils along rivers

and the coast. Farther offshore a few pieces of drift ice can be seen

near the boundaries of the proposed lease area. Other mid-summer Landsat

scenes show drift ice grounding within these boundaries.

Scale 1:1 Million
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SUMMER DRIFT ICE AND SEDIMENTS

Beaufort Sea Lease Area

Landsat Scene 1777-21240

This Landsat scene shows the western portion of the proposed lease area on September 8,
1974. At this time the wind was out of the east, southeast at average speeds between
15 and 20 knots. This condition had persisted for the four previous days and continued
yet another day after September 8. During these six days, the three-hour average winds
were as great as 35 knots and the wind direction remained constant. Great quantities of
suspended sediment can be seen drifting along the coast, driven by these winds. Assuming an
average speed of 20 knots over the 144-hour period yields a reach of 2880 nautical miles.
Even a 1% drag coefficient for pollutants floating on the surface of the water would be
sufficient to cause transport a distance twice the width of this Landsat scene.

Seaward of the lease area, two large accumulations of ice can be seen. These temporarily
stationary piles of ice occur as a result of large draft ice features grounding on shoals and
other pack ice members being held against the grounded ice by the wind. Streamlines of
drift ice can be seen trailing down wind from these stationary piles of ice.
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Side Looking Airborne Radar

This Radar image was acquired in April 1977 over the Prudhoe Bay-Simpson Lagoon area. SLAR is

particularly sensitive to surface roughness and the availability of reflecting surfaces 
for the

3.5 cm radar signal. Consequently ice roughness is well mapped, although the return signal tends

to saturate in areas of increased roughness thereby limiting the dynamic range of 
the recorded

information. For instance, man-made features such as ice roads give a saturated return signal

while the berm on the roadside is less than a meter high. On the other hand, the texture of

ice piled around smooth pans is well portrayed. This information would be extremely useful when

planning field work on the ice. Note the Union Oil's Ice Island and surrounding snow fences in

the extreme lower left corner of the image, Prudhoe Bay oil field facilities on the right and

numerous roads and trails on the near shore ice.
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I. Summary of Objectives

This project provides for coordination of all NOAA/OCS Task Orders within

the University of Alaska. It provides for a coordination and related

support staff and services necessary to conduct the scientific program 
of

OCS. This is accomplished by being a focal point for all contract, data

management, and logistics coordination.

II. Introduction

Not applicable

III. Current State of Knowledge

Not applicable

IV. Study Area

Not applicable

V. Sources, Methods, Rationale of Data Collection

Not applicable

VI. Results

A. Scientific and Contract Monitoring

During the reporting period this office has exercised monitoring

authority over the Task Orders listed in Table 1. As noted on

this table, certain tasks have been completed during the reporting

period and final reports have been submitted.

The monitoring effort of this office is limited to the following:

the evaluation of the scientific effort relative to the work state-

ments to insure contractual compliance, the coordination of pro-

posal submission, logistic requirements, and data submission. In

the last case, Data Management Plans are formulated and submitted

through this office, as are the resulting Data Submission Schedules

and formatted, taped data. All reports are also submitted through

this office.

In the past year, the proposals tabulated in Table II were submitted

to NOAA for OCS work.

Contact with the Juneau, Arctic Project and Boulder OCS offices was

maintained to insure that progress in the scientific programs pursued

by University of Alaska principal investigators is consistent with

NOAA/OCS program needs and that any problems that arise are solved

in a timely manner.

The staff of this office and their duties relative to OCS are

outlined in Table III.
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B. Data Management

Data Management Plans were formulated and kept up-to-date by thisoffice as needed.

Formats for submitting data on magnetic tape have been receivedfor all data which will be so submitted. One problems continuesto trouble me; this is the continuous need to revise existingformats. When dealing with a large number of formats as thisoffice does, it is easy to miss corrections, especially for ararely used format. May I request that when a change occursa completely new format be sent, not just the corrected record
type.

C. Data Submissions

During the past year contract 03-5-022-56 investigators havesubmitted through this office batches of data which werechecked for format, keypunched, transferred to tape and sub-mitted to NOAA/OCS. See Table IV for a listing of these datasubmissions.

We have also furnished, through this office, a keypunching anddata transmittal service for investigators as designated by theProject Offices, on a limited basis. We have in the past yearprocessed data for Dr. P. Connors at the request of the ArcticProject Office.

D. Travel Coordination

Funds were provided through this Task Order to allow for travelof management, staff and principal investigators under thiscontract to meetings requested by NOAA/OCS. These funds wereused to attend synthesis and coordination meetings as well asmeetings requested by the Project Offices between principal in-vestigators and their Trackers.

E. Logistics Coordination

Coordination of logistics requirements in the pursuit of tasksassigned to this contract was carried out through this office inthe past year. We attempt to act as a pipeline for changes re-quested in project instructions as well as in the submission ofChief Scientists Reports and ROSCOP II forms where appropriate.

VII. Discussion

Not applicable

VIII. Conclusions

Not applicable
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IX. Needs for Further Study

Not applicable

X. Summary of Fourth Quarter Operations

A. Ship or Laboratory Activities

Not applicable

B. Results

See results section above and Tables

C. Problems Encountered

The only major problem encountered centers 
on the Voucher

Specimen Policy. In various aspects this problem has been

with us since the beginning of the OCS projects.

Recent advances have been made. The problem now centers

around whether it is necessary for task orders 
which have

been completed to post facto comply with the 
policy, and

if so, how this will be handled, particularly in reference

to time and money.

As is apparent from recent correspondence, the 
University

is continuing to work toward a mutually agreeable 
solution.
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University of Alaska OCS Projects
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TABLE II

Proposals Submitted to NOAA/OCS for Contract 03-5-022-56
4/1/78 - 3/31/79





TABLE III

University of Alaska OCS Project

Management Staff
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TABLE IV

Submitted Data Batches







OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 2

PRINCIPAL INVESTIGATOR: Mr. Donald H. Rosenberg

No environmental data are to be taken by this task order as
indicated in the Data Management Plan. A schedule of sub-
mission is therefore not applicable¹

NOTE: 1 Data Management Plan has been approved and made contractual.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 5 R.U. NUMBER: 275/276/294

PRINCIPAL INVESTIGATOR: Dr. D. G. Shaw

Submission dates are estimated only and will be updated, if

necessary, each quarter. Data batches refer to data as ident-

ified in the data management plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates
1

From To Batch 1 2 3

Silas Bent Leg I #811 8/31/75 9/14/75 None submitted submitted

Discoverer Leg III #810 9/12/75 10/3/75 None None submitted

Discoverer Leg IV #812 10/3/75 10/16/75 Submitted None submitted

Surveyor #814 10/28/75 11/17/75 None submitted None

North Pacific 4/25/75 8/7/75 submitted None None

Contract 03-5-022-34 Last Year submitted submitted submitted

Moana Wave MW 001 2/21/76 3/5/76 None submitted submitted

Miller Freeman 5/17/76 6/4/76 submitted None None

Glacier 8/18/76 9/3/76 None submitted None

Discoverer 9/10/76 9/24/76 None submitted submitted

Moana Wave 10/7/76 10/16/76 None submitted submitted

Acona 6/25/76 7/2/76 submitted submitted submitted

Discoverer 5/20/77 6/11/77 submitted None None

Acona 6/22/77 6/27/77 submitted

Surveyor 11/03/77 11/17/77 submitted None None

Discoverer 5/4/78 5/17/78 3/31/79 None None
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Cruise/Field Operation Collection Dates Estimated Submission Dates¹
From To Batch 1 2 3

Discoverer 8/29 9/2/78 3/31/79 3/31/79 None

Alumiak 8/3 9/2/78 3/31/79 None None

Note: 1 Data Management plan has been approved and made contractual.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 8 R.U. NUMBER: 194

PRINCIPAL INVESTIGATOR: Dr. F. H. Fay

Submission dates are estimated only and will be updated, if

necessary, each quarter. Data batches refer to data as ident-

ified in the data management plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates 1

From To Batch 1

Data as yet to be submitted:

Tugidak Is. July 1977 Submitted

Surveyor Leg 4 4/16 - 4/20/78

Surveyor Leg 7 6/19 - 7/9/78 "

Tugidak Is. May - June 1978

Alaska Peninsula May 1978

Priblofs 7/1 - 7/31/78

Alaska Peninsula 7/7 - 7/19/78

Lower Cook Inlet 8/14 - 8/18/78

Note: ¹Data Management Plan has been approved by M. Pelto; we await approval

by the Contract Officer. Specimen data will be reported separately

in tabular format.

Information on histology of animals reported by others has been sub-

mitted, and those collected by P.I. are currently being assembled

by the P.I.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 12 R.U. NUMBER:
162/163/288/293/312

PRINCIPAL INVESTIGATOR: Dr. D. C. Burrell

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches are identified as foot
notes. Only data due are listed.

Cruise/Field Operation Collection Dates Estimated Submission Dates
From To Batch 1 2 3

Acona 6/21 6/26/77 6/30/79*

Discoverer 5/25 6/5/77 6/30/79* 6/30/79*

Acona 246 7/25 7/30/77 6/30/79*

Volna 7/77 8/77 6/30/79*

Surveyor 3/31 4/27/77 6/30/79*

Surveyor 11/3 11/17/77 6/30/79 6/30/79*

Acona 254 11/20 12/4/77 6/30/79*

Acona 260 4/22 4/26/78 6/30/79*

Discoverer 5/4 5/17/78 6/30/79* 6/30/79*

Acona 262 7/10 7/11/78 6/30/79 6/30/79

Discoverer 8/29 9/2/78 6/30/79 6/30/79

Acona 270 10/78 10/78 6/30/79*

Data Batch 1 Trace elements in water column
Data Batch 2 Trace elements in sediment or sediment extracts
Data Batch 3 Trace elements in biota

* Data appear in quarterly and annual reports, but still to be
submitted on tape.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/0 NUMBER: 15/202 R.U. NUMBER: 5/303/281

PRINCIPAL INVESTIGATOR: Dr. H. M. Feder

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates 1

From To Batch 1 2 3 43
032 032 032 023

LCI

Surveyor 77/11/4 - 77/11/16 None 3/1/79* None 6/30/79

Surveyor 78/3/27 - 78/4/2 None 3/1/79* None 6/30/79

Surveyor 78/8/13 - 78/8/22 None 3/1/79* None 6/30/79

Miller Freeman 78/5/8 - 78/5/16 None 3/1/79* None 6/30/79

Miller Freeman 78/6/6 - 78/6/16 None 3/1/79* None 6/30/79

Miller Freeman 78/7/12 - 78/7/22 None 3/1/79* None 6/30/79

Kodiak

Yankee Clipper/Commando 78/4/8 - 78/4/21 None 3/1/79* None 4/30/79

Yankee Clipper/Commando 78/5/1 - 78/5/22 None 3/1/79* None 4/30/79

Yankee Clipper/Commando 78/6/8 - 78/6/21 None 3/1/79* None 4/30/79

Yankee Clipper/Commando 78/7/9 - 78/7/21 None 3/1/79* None 4/30/79

Yankee Clipper/Commando 78/8/8 - 78/8/23 None 3/1/79* None 4/30/79

Yankee Clipper/Commando 78/11/4 - 78/11/17 None 3/1/79* None 4/30/79

Miller Freeman 78/6/19 - 78/7/9 None 3/1/79* 3/1/79 4/30/79

Miller Freeman 78/3/21 - 78/3/24 None 3/1/79* None 4/30/79

Scuba 78/5/4 - 78/10/30 None None None 4/30/79
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Cruise/Field Operation Collection Dates Estimated Submission Dates 1

From To Batch 1 2 3 4
032 032 032 023

Scuba 78/5/4 - 78/5/19 None None None 4/30/79

Negoa

Searcher 78/7/27 - 78/8/8 None 6/30/79 None Limited
data
8/1/79

Commando 79/3/5 - 79/3/19 None 12/31/79 None 12/31/79

Note: (1) Data Management Plan and Data Format have been approved and
are considered contractual.

(2) Only data which have not been submitted are listed.

(3) Data batch 4 is feeding data, the proper format for submission
is 023.

Data batch 1 = Grab data, File Type 032

2 = Trawl data, File Type 032

3 = Pipe dredge data, File Type 032

* Data awaits return of keypuncher from annual leave.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 19 R.U. NUMBER: 289

PRINCIPAL INVESTIGATOR: Dr. T. C. Royer

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates
From To Batch 1 2 3

Acona #193 7/1/74 7/9/74 submitted None None

Acona #200 10/8/74 10/14/74 submitted None None

Acona #202 11/18/74 11/20/74 submitted None None

Acona #205 2/12/75 2/14/75 submitted None None

Acona #207 3/21/75 3/27/75 submitted None None

Acona #212 6/3/75 6/13/75 submitted

Oceangrapher #805 2/1/75 2/13/75 submitted None None

Silas Bent #811 8/31/75 9/28/75 Submitted

Discoverer #812 10/3/75 10/16/75 (a)

Surveyor #814 10/28/75 11/17/75 submitted

Discoverer #816 11/23/75 12/2/75 (b) None None

Station 60 7/2/74 10/08/74 None Submitted None

Station 64 4/28/75 5/20/75 None (c) None

Station 9A - - - Lost

Station 9B 4/20 7/24/76 -submitted submitted

Moana Wave MW 001 2/21/76 3/5/76 submitted

Moana Wave MW 003/004 4/20/76 5/21/76 submitted

Moana Wave MWO05 7/22/76 8/1/76 submitted

Moana Wave 006 9/13 9/19/76 submitted
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Cruise/Field Operation Collection Dates Estimated Submission Dates 1

From To Batch 1 2 3

Surveyor SU 003 9/7/76 9/17/76 submitted

Surveyor 9/20/76 10/2/76 submitted

Miller Freeman 11/1/76 11/19/76 submitted

Moana Wave 10/7/76 11/16/76 submitted

Miller Freeman 3/9/77 4/2/77 submitted

Station 9C 7/22/76 11/2/76 submitted

Acona 248 8/11/77 8/14/77 submitted

Discoverer 11/8/77 11/16/77 submitted

Acona 253 11/10/77 11/17/77 submitted

Hinchinbrook 11/10/77 9/19/78 None Submitted Submitted

Montegue 11/10/77 9/19/78 None Submitted Submitted

Station 9D 11/3/76 3/29/77 None Submitted Submitted

Acona 256 2/16/78 2/25/78 submitted

Acona 260 4/22/78 5/8/78 submitted

Acona 264 7/31 8/12/78 1/15/79

Acona 266 9/17 9/30/78 1/15/79

Hinchinbrook 9/19/78 2/15/79 None 6/30/79 lost

Monteque 9/19/78 2/13/79 None 6/30/79 6/30/79

Acona 271 2/12/79 2/17/79 6/30/79

Surveyor 2/8/79 2/21/79 6/30/79

Monteque 2/13/79 Current

Note: 1 Data Management Plan and Data Formats have been approved
and are considered contractual.

(a) Parent tapes were coded in PODAS format, tapes were submitted
to F. Cava as requested.

(b) Data useless due to malfunction of shipboard data logger.
(c) In edit process. Development of computer editing program

has held up data.
Data Batch 1 = STD/CTD

2 = Current meter
3 = Pressure guage
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 23 R.U. NUMBER: 351

PRINCIPAL INVESTIGATOR: Ms. E. R. Dieter

No environmental data are to be taken by this task order as
indicated in the Data Management Plan. A schedule of sub-
mission is therefore not applicable¹.

NOTE: ¹ Data Management Plan has been approved and made contractual.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/0 NUMBER: 24 R.U. NUMBER:

PRINCIPAL INVESTIGATOR: Mr. David M. Hickok

No environmental data are to be taken by this task order as
indicated in the Data Management Plan. A schedule of sub-
mission is therefore not applicable¹.

NOTE: 1 Data Management Plan has been approved and made contractual.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 32 R.U. NUMBER: 537

PRINCIPAL INVESTIGATOR: Dr. D. M. Schell

Submission dates are estimated only and will be
updated, if necessary, each quarter. Data batches
refer to data as identified in the data management
plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates
From To Batch 1

Dease
Sampling Trip 1 3/31/77 6/30/78*

Elson Lagoon
Sampling Trip 1 5/23/77 6/30/78*

Simpson Lagoon
Sampling Trip 4/78 - 8/78 3/31/79*

Simpson Lagoon
Stefausson Sound 11/78 9/30/79

Smith Bay
Dease Inlet,
Elson Lagoon 11/78 9/30/79

* In Keypunching, to be submitted in the next quarter.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 33 R.U. NUMBER: 529

PRINCIPAL INVESTIGATOR: Dr. H. S. Naidu

Submission dates are estimated only and will be
updated, if necessary, each quarter. Data batches
refer to data as identified in the data management
plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates
From To Batch 1 2 3 4

Archived Samples None 7/30/79 submitted 10/30/78*

Simpson Lagoon 8/77 submitted 6/30/79 Submitted 10/30/78*

Barrier Islands 8/77 None 6/30/79 None None

Glacier 8/77 9/6/77 10/30/78* None submitted 10/30/78*

Summer '78 Field
Season None None 6/30/79 None

* Data awaits coding and keypunching, will be submitted
next quarter.

1 Data Management Plan has been submitted to the Arctic Project Office.
We await approval.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 34 R.U. NUMBER: 530

PRINCIPAL INVESTIGATOR: Dr. P. Jan Cannon

No environmental data are to be taken by this task order

as indicated in the Data Management Plan. A schedule of

submission is therefore not applicablel.

Data Management Plan has been submitted to the Arctic Project Office.

We await approval.
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ANNUAL REPORT

Contract #03-5-022-56
Research Unit #351
Task Order 23

Reporting Period 4/1/78 - 3/31/79

Number of Pages - 3

R/V ACONA AND MARINE LOGISTICS SUPPORT

Ms. E. R. Dieter

Institute of Marine Science

University of Alaska

Fairbanks, Alaska 99701

March 31, 1979
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I. Summary of Objectives

This project provides logistics and vessel time support for portions of

the NOAA program. Provided is technician support for all of the sea-

going projects funded through the University of Alaska contract. Required

ship time for the R/V Acona is also funded and monitored through this

project.

II. Introduction

Not applicable.

III. Current State of Knowledge

Not applicable.

IV. Study Area

Not applicable.

V. Sources, Methods, and Rationale of Data Collection

Not applicable.

VI. Results

A. A limited amount of marine technician support is funded under this

project to support University of Alaska's OCS cruises, and support

non-University OCS investigators in the use of the R/V Acona. The

technician is shared between the Seward Station and IMS, Fairbanks.

At the Seward Station he is responsible for maintenance, storage and

transfer of equipment used on OCS cruises as well as direct technical

support at sea, primarily aboard the R/V Acona, while at IMS, Fair-

banks, he provides internal data processing support to OCS projects

and participates in numerous cruises as a general technician for OCS

both on the Acona and NOS vessels.

B. Logistics Travel

Research and vessel support travel has been provided in this project

for the transportation of support personnel handling logistics.

C. R/V Acona

During the reporting period the R/V Acona has sailed in support of

NOAA/OCS cruises as follows:

4/22 - 4/25/78 Gulf of Alaska Royer/Burrell

4/27 - 5/8/78 Gulf of Alaska Royer/Burrell

7/31 - 8/12/78 Gulf of Alaska Royer

9/17 - 9/30/78 Gulf of Alaska Royer

2/12 - 2/17/79 Gulf of Alaska Royer

349



VII. Discussion

Not applicable.

VIII. Conclusions

Not applicable

IX. Needs for Further Study

Not applicable.

X. Summary of Fourth Quarter Operations

A. Ship of Laboratory Activities

The R/V Acona sailed between 2/12 - 2/17/79, during the last
quarter in support of OCS.

B. Results

None

C. Problems

None
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1 April 1978 - 31 March 1979

RU 362

OCSEAP DATA BASE MANAGEMENT SUPPORT

John J. Audet
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DATA PROCESSING

The majority of digital data sets received this past 
year have been bio-

logical which is similar to last year's trend. The number of biological

data sets received increased from 274 last year to 414 
with the total

for all data received increasing from 396 to 522 (Table 1.).

Table 1.

Data, Data Reports and ROSCOPs Received

for April 1978 through March 1979

Developments in data checking over the past year 
have resulted in more

intensive and comprehensive reviews of the data 
including specific data

ranges, acceptable format and taxonomic codes and 
reported precisions,

all of which result in a much greater number of 
errors and problems to

be resolved before final processing is completed. 
This checking effort

is now being supplemented by RUs 370/497 and 
RU 527 for pre-checking

selected biological file types.

Improvements in data checking have provided investigators 
and Project

Office personnel with substantial information 
for evaluating the con-

tractual digitized versions of their data results. 
In most cases, the

Data Center must rely on the responsiveness and 
interest of the investi-

gators to assure an accurate final processed version 
of their data for

inclusion in the OCSEAP data base. This interest is increasing as more

detailed digital data reviews are developed.

353



Check runs have been distributed over the past year to 46 different inves-
tigators for 25 different file types. A total of 1016 data sets have been
checked this past year including many that had been checked in prior years
before the more comprehensive checking programs were developed.

NODC has kept pace with data submissions by completing processing of 518
data sets since last March (Table 2.), an increase of nearly 100 data
sets over last year's effort. The totals for this year include the pro-
cessing of data for master tapes and therefore include some data that were
considered final processed earlier but had not been subjected to the more
intensive checking.

Table 2.

Comparison of Digital Data Final Processed
during the Past Three Years

The status of all data received to date is summarized for each major dis-
cipline in Table 3. Over 65 percent of all data are final processed with
only 9 percent currently undergoing processing. The status by individual
file types is listed in Appendix A.

Table 3.

Status of Data Sets by Discipline
through March 15, 1979
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The number of data sets 'in hold' is beginning to be reduced as a result

of Project Office follow-up memos concerning 
required actions by investi-

gators on data initially discussed in memos 
accompanying their check run

results. The number is further expected to be reduced 
as taxonomic code

problems are resolved for many of the biological 
data sets through the

help of Mike Crane's Anchorage facility working 
with NODC personnel.

As the final step in final processing, originator 
tapes are returned to

investigators; a total of 102 magnetic tapes 
were returned this year to

16 different investigators or their data processors.

The number of master or archive tapes now 
totals 12 files containing

OCSEAP data compared to 3 last year. Supplementing prior master files

for 015 (Current Meters), 029 (Primary Productivity), and 043 (Hydrocar-

bons), are the following:

017 - Pressure Gauges

021 - Trace Metals

022 - STD/CTD (data are assembled on several tapes--data 
checking

completed on an individual basis)

024 - Zooplankton (converted to file type 124)

028 - Phytoplankton

032 - Benthic Organisms (additional check by Crane 
underway)

056 - Lagrangian Currents

063 - Marine Invertebrate Pathology

101 - Wind Data

All biological file types have had taxonomic 
codes converted to the NODC

taxonomic codes during this process. A total of 1400 data sets are con-

tained on 18 NODC master files; approximately 
50% consist of OCSEAP data

sets.

A summary of the data distribution by lease area for data 
received to

date is included in Appendix B. The revised Part II of the Data Catalog,

which should be published within the next 
two months, will provide more

detailconcerning data for each lease area.

In other data processing actions the following 
items are noted:

- A coding form was developed for investigators 
to submit hydrocar-

bon data (File Type 044).

- NODC personnel participated with Program 
and Project Office per-

sonnel and investigators in the development 
of inputs for new

marine bird formats - Marine Bird Specimen (031) and Marine Bird

Colony (135).

- A memo was distributed on September 14, 1978 
to Program and Pro-

ject personnel detailing the steps necessary 
for pre-processing

the designated file types to be completed 
by Crane and Petersen
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prior to NODC final processing. These steps are now being car-
ried out (with minor modifications) for File Types 023, 025, 031
and 032 (Crane) and 033, 034, 038 and 135 (Petersen).

- Efforts are underway to develop several plot products and possi-
bly format output listings to supplement the data checking results
and provide investigators with additional information for a review
of their digital data submissions. Annotated station location
plots are planned for the first plot product to accompany the check
results.

FORMAT DEVELOPMENT

Format updates and modifications, identified as 'FACT' sheets, were dis-
tributed in the past year to OCSEAP data management personnel and PIs asfollows:

Number of
Distribution Date Formats Modified Codes Modified

3/16/78 025, 030, 033 11
6/ 1/78 024, 032, 038 4
9/12/78 023, 024, 029, 038 9

11/ 8/78 013, 023, 024, 025, 044, 063 8
3/13/79 013, 021, 023, 028, 037, 044, 11

057, 063, 124

Distribution of complete formats and codes (DDF versions) were forwarded
to all FY78/79 investigators on May 8 for Juneau Project Office PIs and
on November 22 for Arctic Project Office PIs. This amounted to a total
of 220 copies of formats including OCSEAP management copies.

The final draft version of File Type 135 was received from the Program
Office in May 1978 and the automated version distributed with other OCSEAP
formats to data management personnel (but not PIs) on January 10, 1979.
The final DDF version of the new Marine Bird Specimen (File Type 031) was
distributed to OCSEAP personnel and PIs on November 20, 1978 following
the final review of the June 28 version by Program and Project Office per-
sonnel and marine bird investigators.

All OCSEAP formats and codes were entered on an automated system (WYLBUR)
for more efficient management and retrieval. Distribution of Part III
of the Data Catalog, which included OCSEAP formats and codes, a parameter
index and an inventory of codes for each format, was completed in January
1979. Distribution was limited to OCSEAP management personnel to allow
for a final review which was requested to be completed within a month of
distribution. An updated version of all OCSEAP formats and codes (and
all other project formats) has been completed within the past month. As
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few modifications have been received from OCSEAP, the formats 
are now

considered available for distribution to investigators; 
this action will

be completed within the next month.

Modifications to seven biological formats to accommodate the NODC 12-digit

taxonomic codes and distribution of both the DDF and 
the automated ver-

sions with these changes was completed.

A revision of the zooplankton format (024) was completed 
and all data

received to date converted to the new format (File Type 
124).

A list of all formats used by OCSEAP investigators and 
their current date

are listed in Appendix C.

DATA REQUESTS

A total of 106 requests for data, data products and 
OCSEAP data reports

have been received by NODC and NGSDC this past year. 
Only requests that

have been coordinated through the NODC OCSEAP Data 
Coordinator are included

in this total. Routine requests for data formats, data tracking system

products and copies of the Data Catalog and NODC 
Taxonomic Codes also are

excluded from this total and are discussed elsewhere 
in this report.

As expected, the majority of requests for OCSEAP 
data continue to be from

OCSEAP offices and PIs. The number of requests in these categories has

nearly doubled from last year as shown in Table 4. 
Examples of the more

relevant requests received during the year are listed 
in Table 5.

Table 4.

Summary of Data Requests (April 78-March 79)
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Table 5.

Examples of Data Requests Completed in the Last Year
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Although no BLM requests for OCSEAP data have been directed to the Data
Centers the past year, Mike Crane has been working with BLM-Anchorage per-
sonnel throughout the year in developing prey-predator matrices for selected
OCSEAP data and answering other questions concerning OCSEAP data and inven-
tories.

The category 'special management requests' has been added to the summary
table to differentiate these requests from routine management activities
and data product requests. These requests, which include specific ROSCOP
or DDF inventories, special summaries of data sets, DTS information, or
other management services, were included in past years under OCSEAP Office
data requests.

In other request activities, both NODC and NGSDC have completed OCSEAP data
request forms which are now distributed with copies of catalogs and completed
data product requests.

DATA PRODUCT DEVELOPMENT

The major new product development efforts for the past year concerned prod-
ucts to support the OCSEAP annual technical summary report and data syn-
thesis activities for Science Applications, Inc. Existing NODC programs
were adapted to OCSEAP data for such products as seasonal location and
abundance of specific marine mammal and bird species, seasonal distribu-
tions of fish and benthos, graphic summaries of mammals by behavior groups,
ice and water movement plots, hydrocarbon and primary productivity contour
charts and bottom temperature summaries. Standard products such as dynamic
height anomaly contours, current vectors, rotary plots, and temperature/
salinity profiles also were provided.

Asbiological data began to be received in the new NODC taxonomic codes,
existing programs required modification to retrieve data in either Alaskan
or NODC codes and to convert the codes to the same species names for re-
quested summaries or plot products.

The improved land mass file received through NGSDC was adapted to NODC's
computer system and is now being used in all products for OCSEAP manage-
ment and investigator requests.

Work is currently underway to adopt portions of the SAI biostatistics com-
puter package to OCSEAP file types. Initial efforts using file type 032
(benthic organisms) will include graphic presentations such as dendrograms,
kite diagrams and other statistical plots.

Forms for requesting OCSEAP data and for evaluating OCSEAP products received
from the Data Center have been developed and distributed to OCSEAP data
management personnel and now accompany all completed data requests.
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DATA INVENTORIES AND CATALOGS

Distribution of 300 copies of Part 
I (revised) and Part II of the OCSEAP

Data Catalog was completed during August 
and September 1978. Distribution

included OCSEAP, NOAA and BLM personnel, 
OCSEAP investigators, User panel

members and all individuals or institutions 
requesting copies. Informa-

tion was included for each digital data 
set received through May 1978 by

NODC, NGSDC and NIH. With Program Office assistance, broad 
environmental

regions were established to incorporate 
nearly all OCSEAP-related obser-

vations in one of the nine lease areas.

A computerized mailing list was developed 
by the Technical Records Branch

at NODC to accommodate future OCSEAP mailings. 
Updates and deletions will

be completed as this information is received 
from the Program and Project

Offices through data tracking updates 
or other information sources.

As all copies of Part II have been distributed, it has been 
decided to

update and print approximately 400 
copies of a second revised Part II

rather than reprint the June 1978 version. 
A new version of Part I which

involves relatively expensive computer 
plotting and additional editing

and labor costs will be published and 
distributed later in 1979 at which

time a third version of Part II also will 
be completed. The revision of

Part I may include seasonal plots.

Distribution and other activities concerning 
Part II of the Catalog - Data

Formats, has been discussed previously 
under Format Development.

Initial efforts are underway to identify 
specific graphic products that

can be readily provided or derived from 
current OCSEAP file types (Part

IV, of the Catalog), providing data 
have been submitted in the proper for-

mat and supported by adequate documentation. 
A draft version of this part

of the Catalog is planned for June.

An inventory has been completed for 
all parameters submitted to date for

some of the master file types. This information, when completed for 
all

master tapes, together with similar 
planned data submission inventories

for FY79/80 data, will be used to support 
Project Office evaluations of

PI contract compliance and format usage 
of 'core' parameters for future

format modifications.

Twenty copies of the OCSEAP Data Tracking 
System, sorted by either RU,

Discipline or Project Office, and a 
similar number of File Type Summaries

have been distributed each quarter to 
OCSEAP and BLM personnel. Updates

and changes to the tracking system over 
the past year amounted to over

1500 new data records and nearly 10,000 
individual parameter modifications.

TAXONOMIC CODE DEVELOPMENTS

A revised, updated version of the NODC 
taxonomic code was distributed to

OCSEAP management and investigators 
in June 1978; approximately 75 copies

were sent to OCSEAP personnel.
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Three major problems concerning taxonomic codes occurred during the past
year. The use of codes for species groups, previously indicated as accept-
able codes by the Program, were determined at the Asilomar data management
meeting to be not relevant for the OCSEAP data base. The codes were to
be specified as internal codes, not to be maintained by the Data Center
and not to be used in the future by investigators. Information concerning
species groups could however, continue to be included in text records but
would not be considered as retrievable data. A memo to this effect was
distributed by the NODC OCSEAP Data Coordinator to OCSEAP management on
September 29, 1978 requesting that any further action be taken by the Pro-
gram and Project Offices.

The second problem concerned the submission by some investigators of taxo-
nomic codes developed prior to the official distribution of the Alaskan
code file in early 1976. Although many of these 'pre-Alaska' codes have
been verified as identical to Alaskan codes, some codes may identify dif-
ferent species entirely. Corrections must be completed on a data set by
data set basis; Mike Crane's Anchorage facility will be assisting in this
effort by checking certain file types and interfacing with investigators
known to be using this earlier unofficial list of codes.

Finally, it became necessary to modify all biological data formats to
accommodate the NODC 12-byte taxonomic code. These changes have been com-
pleted and distributed to all OCSEAP personnel via 'FACT' sheets and the
automated versions of each format.

Mike Crane's office is maintaining an up-to-date file of both Alaskan and
NODC codes as supplied by NODC to assist in checking and preliminary pro-
cessing of selected OCSEAP data files and to provide species information
such as summaries and prey-predator lists to investigators and BLM per-
sonnel.
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Summary of Fourth Quarter (January - March 1979)

Data Base Management Activities

(through March 20, 1979)

DIGITAL DATA

A total of 71 data sets were received this 
quarter (43 in January, 19 in

February and 9 in March), 235 data sets were final processed and check

run results were sent to investigators for 
231 data sets.

DATA REPORTS

Only five data reports were entered as received 
in the tracking system

this quarter, all in January. These reports concerned fish, sea ice,

geology and geophysics. A total of 331 reports have been entered 
in the

tracking system to date.

ROSCOPs

Forty-three ROSCOPs were received this quarter 
(13 in January, 27 in Feb-

ruary and 3 in March) for a total of 669 
ROSCOPs to date. ROSCOPs were

received this quarter from USGS, NMFS, ADF&G, 
University of Alaska, Uni-

versity of California and Dames and Moore.

DATA REQUESTS

Data requests received and/or completed 
this quarter included the following:

* Summary plots of walrus behavior groups for 
SAI and the Program

Office.

* Temperature, salinity and density plots, 
listings and tape copies

for Tom Royer (IMS), Nelle Terpening (ADF&G), Lloyd Lowry 
(ADF&G),

and Ed Sobey (SAI).

* Tape copies of selected OCSEAP biological 
data sets for Mike Crane.

* Tape copy of the new land mass file and associated 
plot subrou-

tines for Hal Petersen (URI).

SFormatted output listings of mammal sightings 
for Don Calkins

(ADF&G).

* USCG and other archival ocean station data 
for Mauri Pelto and

Tom Royer.
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Magnetic tape copy of hypocenter data for Steve Wesnousky (Lamont-
Doherty).

Contour plots of dynamic height anomalies for Ed Sobey.

FORMAT DEVELOPMENT

A final draft version of Part II, the automated version of OCSEAP-related
formats, codes and cross-reference information was distributed to OCSEAP
management personnel for their review prior to distribution to individual
investigators.

A 'FACT' sheet of all DDF versions of format modifications, code updates
and revised layouts was distributed to OCSEAP management and investigators
on March 20, 1979.

DATA PROCESSING

Master tape documentation was completed and sent to investigators and
OCSEAP management for File Types 021 - Trace Metals and 032 - Benthic
Organisms.

Thirty-three originator tapes were returned to investigators this quarter.

A summary of all data sets 'in hold' and an indication of where the action
is required was distributed to OCSEAP management on February 2, 1979.

A further improvement of the check programs was completed by Chris Noe
which summarizes the precisions reported for each parameter and checks for
specific allowable codes rather than a range of codes.

DATA PRODUCTS

The recent mammal behavior group plot represented the first OCSEAP product
to incorporate data from more than one PI and from more than one file
type (026/027). Similar products are anticipated for products other than
walrus groups.

Some progress has been made to develop dendrogram plots for sample benthic
organism data (File Type 032), adapting an SAI (La Jolla) biostatistics
package received several months ago.

A product evaluation form has been completed and is now enclosed (with a
return envelope) with each completed request along with a blank OCSEAP data
request form.
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TAXONOMIC CODES

A copy of the 'pre-Alaska' codes was received 
from Dames and Moore per-

sonnel through Mike Crane's assistance to help NODC evaluate the differ-

ences between these 'unofficial' codes and 
the Alaskan codes distributed

by NODC in early 1976.

Additions and changes to the taxonomic codes 
were forwarded to Mike Crane

to maintain an updated file at the Anchorage 
facility.

DATA CATALOGS AND INVENTORIES

Work is progressing to complete a revision 
of Part II which is anticipated

for distribution by May 1979. New files from NGSDC--Grain Size (073) and

Epicenter Data (401)--and from NIH--Microbiology 
(402)--are being incor-

porated in this catalog.

ADMINISTRATIVE

The FY80 planning meeting was held in Boulder 
and inputs to the informa-

tion management cluster were discussed.

A list of RU 362 achievements and a tentative 
FY80 budget were provided

to Toni Johnson during her visit to NODC in 
March.

Hal Petersen and two of his staff visited 
NODC in March and discussed

NODC's data processing and data tracking activities.
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ADMINISTRATIVE

The anticipated EDIS replacement of the IBM computer system with a new
UNIVAC system has been delayed, the result of which has been little impact
on OCSEAP data management functions with the exception of loss of person-
nel at times for mini-computer and UNIVAC training purposes.

The new mini-computer at NODC is operational and has been utilized a num-
ber of times for resolving tape reading problems and for obtaining rapid
answers to other data processing problems.

A list of the major meetings and briefings for RU362 is included in this
report as Appendix D. An updated milestone chart is attached as Appendix E.

PROBLEMS

To effectively manage the data format and code modifications, control of
requested input parameters and related format structure must become more
of a Data Center responsibility. There has been a continuing increase
and need for standard output products such as formatted listings, graphics
and statistical packages. In addition, the multi-project use of many of
the current formats further demonstrates the need for central control by
Data Center personnel. The scientific expertise of various Project person-
nel and investigators obviously will be needed to help support this activity
at the Data Center level but this approach appears to be necessary to ful-
fill the variety of Project and Program product needs.

The timely response to many OCSEAP data requests is still often the result
of time spent by Data Center personnel to identify data sets that contain
the necessary parameters to provide the requested product. Generation of
new software for some of the more specialized products and computer system
'down-time' also may delay completion of requests. These factors often
prevent a realistic estimate of a completion date. It is anticipated that
a package of 'shelf item' products to be described in Part IV of the Cata-
log will help reduce this problem by indicating those products that can be
prepared within a reasonable length of time (where data are adequate and
of sufficient quality to provide the required products).

Procedures recently outlined by the Juneau Project Office for requesting
data and data products of the Data Centers (the Cava memo of February 8,
1979) may cause serious delays in responding to urgent requests and in
some cases may imply that a product is forthcoming before the Data Center
is even involved where further investigation shows that such a product
is not feasible or will require time or manpower that are not justified
by the request or cannot meet the requestor's deadline.

In terms of taxonomic codes, all users of the pre-Alaska codes must be iden-
tified and editing of their data submissions completed separately to cer-
tify that all species are properly coded. This action and some instruction
to investigators concerning species group codes must be completed by the
Project or Program Offices if the Data Center is to improve the quality of
the data base and the retrieval of taxonomic data.

366



GOALS (Next Quarter)

* Complete and distribute a revised Part II of the 
Data Catalog.

* Distribute the automated version of formats and codes 
(as included

in Part III of the Catalog) to all current OCSEAP 
investigators.

* Complete a first draft of Part IV of the Data Catalog 
which will

provide sample graphics and plot products for each 
file type used

by OCSEAP investigators.

* Complete additional parameter inventory summaries 
based on master

tape efforts for those file types used by OCSEAP.

* Distribute quarterly 'FACT' sheets to provide all OCSEAP 
personnel

with up-to-date DDF versions of formats, codes and layouts.

* Supplement and update the Anchorage facility's master 
or crunch

tapes and provide selected plot tapes for reproducing 
multiple

plot products at different scales and on different 
materials (such

as Mylar) as requested by OCSEAP offices and BLM.

* Continue to provide investigators and OCSEAP offices with updates

and additions to the NODC taxonomic code file.
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APPENDIX A.

OCSEAP File Type Status - March 15, 1979

Date In
File Type Rc'd to Date Final Processed Data in Hold Processing

013 6 1 5 0
015 105 60 31 14
017 19 16 0 3
021 11 0 111 0
022 87 76 10 1
023 183 146 30 7
024 49 33 1 15
025 41 7 342 0
026 34 34 0 0
027 211 141 703 0
028 58 57 0 1
029 162 155 0 7
030 26 14 11 1
032 32 27 3 2
033 203 59 894 55
034 8 6 0 2
035 58 3 555 0
037 8 8 0 0
040 33 0 336 0
043 11 1 97 1
044 1 0 0 1
056 87 85 0 2
057 44 44 0 0
061 15 0 0 158
063 1 1 0 0
072 1 0 1 0
073 6 3 2 1
101 7 6 0 1

TOTALS 1507 983 (65%) 395 (26%) 129 (8%)

NOTES
1Waiting for final review of check run results by PI.
2Waiting for additions from PI and updates from Crane.
3Waiting for response to check run results from PIs.
4Received annotated corrections from PI for 77 data sets 2/78-edit underway.
5Waiting for decision for conversion to File Type 135.
6Waiting for final updates from PI/Crane.
7Waiting for final review of check run results by PI.
8Waiting for DIP modification by NODC (for variable parameters).
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APPENDIX B.

Data Distribution by Lease Area (through March 15, 1979)

Lease Area Codes

Total
File Type Data Sets 1 2 3 4 5 6 7 8 9

013 6 0 0 1 5 0 4 0 0 0

015 105 26 0 15 14 1 10 0 4 3

017 19 8 0 0 7 0 4 0 0 1

021 11 5 3 5 2 0 3 0 2 0

022 87 40 19 34 26 5 22 8 14 4

023 183 27 11 50 49 2 29 28 37 1

024 49 13 24 13 10 2 9 2 1 1

025 41 10 4 10 2 6 1 11 0 3

036 34 0 0 0 11 4 15 18 4 6

027 211 56 ]6 62 29 ] 2] 11 36 6

028 58 10 5 10 10 3 5 0 8 0

029 162 19 10 18 13 4 7 0 33 0

030 26 3 10 5 2 8 1 1 4 3

032 32 9 3 10 2 9 4 1 0 1

033 203 59 31 78 35 77 22 15 27 25

034 8 0 0 0 2 2 0 2 0 2

035 58 3 0 0 46 0 0 6 0 3

037 8 1 0 7 1 0 1 0 3 0

040 33 6 20 6 1 0 12 0 8 0

043 11 5 5 5 2 0 2 1 2 1

044 1 0 0 0 0 1 0 0 0 0

056 87 8 0 3 7 38 3 0 0 8

057 44 0 0 0 6 0 33 10 16 2

061 15 7 4 6 7 1 5 1 2 1

063 1 0 0 0 0 0 0 1 0 1

072 1 1 0 0 0 0 0 0 0 0

073 7 3 0 0 2 1 2 1 0 1

101 7 3 0 0 0 4 0 0 0 0

Lease Area Codes NOTE: Many data sets have stations

in more than one lease area.

1 - NEGOA
2 - Lower Cook
3 - Kodiak
4 - St. George
5 - Beaufort
6 - Bristol
7 - Norton
8 - Aleutians
9 - Chukchi
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APPENDIX C.

Current Formats for OCSEAP Investigators

Most Recent Update
File Type Name (automated version)

013 Fish Pathology 3/ 5/79
015 Current Meters 1/10/79+
017 Pressure Gauges 7/ 1/76
021 Trace Metals 3/ 5/79
022 STD/CTD 9/16/76
023 Fish Resource Assessment I 3/ 5/79
024 Zooplankton I 10/ 6/78
025 Marine Mammal Specimen 9/11/78
026 Marine Mammal Sighting II 1/19/77
027 Marine Mammal Sighting I 5/24/77
028 Phytoplankton 12/ 8/78
029 Primary Productivity 7/ 7/78
030 Intertidal Data 3/13/78
031 Marine Bird Specimen 6/15/78
032 Benthic Organisms 2/11/77
033 Marine Bird Census (Ship/Aircraft) 1/18/78
034 Marine Bird Census (Land) 6/29/77
035 Marine Bird Colony I (not included)
036 Marine Birds - Ship Followers 2/20/76
037 Marine Birds - Feeding Flock 1/11/77
038 Migratory Bird Sea Watch 7/ 7/78
040 Marine Bird Habitat 1/21/77
043 Hydrocarbon I 11/ 9/77
044 Hydrocarbon II 3/ 5/79
056 Lagrangian Currents 1/ 5/77
057 Herring Spawning 12/ 8/78
061 Trace Elements 9/ 9/77
063 Marine Invertebrate Pathology 3/ 5/79
072 Beach Profiles 3/10/77
073 Grain Size Analysis 2/ 7/77
101 Wind Data 8/23/76
123 Fish Resource Assessment II 12/12/78*
124 Zooplankton II 11/ 6/78
135 Marine Bird Colony II 2/ 1/78*

+Incorrectly dated 2/20/76 on distribution copy.
*Temporarily removed from file for revisions.
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APPENDIX D.

Major OCSEAP Meetings Involving RU 362

(April 1, 1978 to March 31, 1979)

4/78 BLM-Anchorage personnel Arbegast and Morris and John Murphy of the

Program Office met at NODC to discuss data management, processing

and the data retrieval capabilities for RU 362.

4/78 Joe Dygas (BLM-Anchorage) briefed by NGSDC personnel on NOS files

and other data holdings.

6/78 Toni Johnson briefed by NODC personnel on data processing, data

requests, taxonomic codes and other OCSEAP activities.

6/78 Audet attended meeting with Micah Krichevsky, Ron Atlas and Lois

Killewich at NIH to discuss microbiology data base and its manage-

ment.

7/78 OCSEAP Data Management Meeting at Asilomar - EDIS attendees included

Picciolo, Noe, Loughridge, Audet, Crane, Falk and Ross.

8/78 Boulder mini-data management meeting - Elaine Collins, Mike Crane

and Jim Audet met with Program and Project Office personnel to

discuss details for data processing priorities, revision of work

statements and other Data Center activities - Carol Potter and

Peter Sloss attended some of the sessions for NGSDC.

8/78 Mike Crane met with NODC personnel in Washington to resolve prob-

lems concerning Arctic PIs, data checking procedures, parameter

inventories, and FY79 work statement revisions.

10/78 Kent Hughes and Jim Audet met with Program Office personnel in

Boulder to discuss NODC's future role in project data management.

10/78 Fischer and Audet represented EDIS at the Physical Oceanography

and Meteorology Workshop at Orcas Island, Washington.

2/79 FY80 Objectives meeting held in Boulder - EDIS representatives

Audet, Crane and Sloss attended to discuss RU370/497 and RU 362

objectives. Inputs to a proposed 'Information Management Cluster'

also were discussed.

2/79 Hal Petersen (URI) met with NODC personnel to discuss key entry

systems, mini-computer and remote terminal applications for OCSEAP

use.

3/79 Toni Johnson visited NODC to discuss various aspects of data man-

agement and objectives and achievements of RU362.
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3/79 Hal Petersen visited NODC with other URI staff to discuss aspects
of data processing and data products.

- A number of meetings were held throughout the year with NODC indi-
viduals and groups during Wayne Fischer's periodic visits to NODC.
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I. Introduction

The Outer Continental Shelf Environmental Assessment Program (OCSEAP)

has a special responsibility to project and future users to make

available the fundamental environmental data collected during the

lifetime of the program. To meet this need, the OCSEA Program established

a digital data base at the NOAA Environmental Data and Information

Service (EDIS). The arrangement with EDIS encompasses data base service,

data management support and technical data processing.

In order to implement the data management responsibility, OCSEAP has

contracted the University of Alaska, AEIDC and the EDIS to jointly

provide professional data management assistance. In partial fulfillment

of these commitments, the AEIDC and the EDIS Alaskan Liaison Officer

have established a facility providing project management support,

digital data base support, and originator support. This report summarizes

the major accomplishments of the facility from 1 April 1978 to 31 March

1979.

II. Significant Accomplishments:

The most important activities have been programming development, data

control, creation and maintenance of automated files, and data management

support. Significant accomplishments during the reporting period are

listed below. Details are contained in the monthly reports and special

reports on data management.

Significant Accomplishments

1. Created the initial keyentry of the OCSEAP digital codes.

2. Checked, corrected and returned File Type 025 data to originators and

data base.

3. Developed taxonomic checking programs for all biological data.

4. Developed special printing programs to display the data records and

taxonomic names for biological data.

5. Developed and maintained the "Parameter Checklist."

6. Developed and operated the Predator/Prey Display program for marine

mammal specimen data.

7. Developed special parameter inventory programs for management review

of digital data.

8. Developed taxonomic code conversion programs to convert the Alaskan

Code to the NODC Code.

9. Assisted in the development of telecommunication access between

Anchorage and Juneau.
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10. Tested batch communications between Anchorage and NODC in Washington, D.C.

11. Edited, controlled and forwarded File Type 033 and 038 data to Dr. H.
Petersen, RU 527 from the USF&WS, RU337 and from LGL, RU467.

12. Forwarded new data entries for the Data Tracking System to each
project data manager.

13. Drafted data management reports on data problems and position papers
on data management.

Data Processing Summary

The productivity in data control has increased because computer programs
and effective management procedures were developed and implemented. The
analysis of the processing activity will be partitioned into "sponsored"
processing and "required" processing. The data types identified in the
proposal (work statement) are "sponsored" data types. Additional data
types processed that are not specifically identified in the proposal are
characterized as "required."

The checking activity is identified as a subset of the "sponsored"
processing. The "required" processing activity is cross-referenced to
OCSEAP requests where appropriate. The term "required" was chosen
because these activities although not proposed are necessary to meet the
data management objectives of the OCSEA Program. Tables 1, 2 and 3
indicate the status of data processing.

TABLE 1

Data Processing Activity, Total
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TABLE 2

Sponsored Processing

TABLE 3

Required Processing
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In summary, the professional and efficient operation of the Anchorage

data processing activities have accomplished much more than was proposed

which has resulted in direct savings to the OCSEA Program. Often,

these significant contributions are not recognized by the OCSEAP. With

adequate resources and assistance from management, each category of data

processing can be expanded to match the demand for services.

Table 4 indicates the data sets "in hold" by RU, name, file type, and

number of data sets. These data sets can be processed only with assistance

by OCSEAP and the investigators, and by providing the resources to

execute the processing functions.

TABLE 4

Data Sets in Hold
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OCSEAP REQUEST SUMMARY:

Although precise records of requests were only 
started in October 1978,

Table 5 is indicative of the requests for 
the entire reporting period.

Table 5 was compiled from similar ones in monthly 
reports.

TABLE 5

OCSEAP REQUESTS

379



TABLE 5 (Continued)

MILESTONE CHART/PROGRAMMING STATUS

The production of new computer programs is generally ahead of schedule.
In addition, new programs not identified in the proposal have also
been created or planned. All of these programs meet the data management
objectives of the OCSEA Program. Some of the new programs were designed
to assist OCSEAP in managing digital data. Table 6 notes the status of each
check program.
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TABLE 6

DATA CHECK PROGRAMS

The new programs not identified in the proposal are divided into 
two

categories. The first category is Utility Programs and the second is

Management Support Programs. The two categories are summarized in

tables 7 and 8.
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TABLE 8

MANAGEMENT SUPPORT PROGRAMS

The programs which are marked by an asterisk (*) will be developed to

augment the productivity in data control.

PROBLEMS:

1. A recent meeting in Juneau, Alaska with Jawed Hameedi, Laurie

Jarvella and Suzy Swanner underscored the need to review the current

data formats.

2. Unauthorized taxonomic codes have been used by OCSEAP investigators.

OCSEAP management must identify who has received and is using the

unauthorized codes and have NODC assign proper codes as required.

A new conversion table may be required along with a new taxonomic

code conversion computer program. This additional work will delay

processing of data sets in "hold." Potentially, the scale of this

problem exceeds all other data management problems for FY 79/80.

Plans:

The Anchorage Data Processing Facility has a reduced staff (one

programmer). The creation of a new position will allow replacement of 
a

data control clerk. The plans for the remainder of FY79 are completion

of check programs, and maintain internal master files. No data control

activities will be initiated until new employees are trained in the

operation of check programs and are trained in data control procedures.
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I

TASK OBJECTIVES

During April-December 1978, the final report on the submarine

permafrost study in Beaufort and Chukchi Seas was completed. Two

volumes of the "Data Management System for Submarine Permafrost

Predictions in the Beaufort and Chuckchi Seas" (485 pages) and the

"State of the Computerized Environmental Maps of the Alaskan Continental

Shelf" (32 maps, including the maps showing the areas suitable for

submarine permafrost development) were sent to the OCS Project Office

and BLM by January 1, 1979. The main objectives were the following:

The first principal objective was to develop a computerized system

to aid in the prediction of the distribution and characteristics of

offshore permafrost. Development of this system involved (1) the

gathering and study of all source data about direct and indirect indica-

tors of permafrost in the given area (depth, temperature and salinity

of water, topography, bottom deposits, ice, etc.) and (2) the generation

of source and derived maps and construction of a candidate area map for

submarine permafrost in the Beaufort and Chukchi seas.

The decisive factor in this work was the close relationship with the

NOAA Environmental Data and Information Service, especially the National

Geophysical and Solar-Terrestrial Data Center (NGSDC) in Boulder, that

also operates World Data Centers-A for Solid Earth Geophysics and for

Solar-Terrestrial Physics. We also used data from World Data Center-A,

Oceanography, in Washington, D.C., and Glaciology in Boulder (INSTAAR).

A description of the system and results is given in the Part I of the Final

Report. The base map for computerized mapping was received from

"Science Application, Inc." The environmental maps of the Alaskan shelf

were included in the "Atlas" as the Attachment to Part I.
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The second objective was to undertake a comprehensive 
review and

analysis of past and current Soviet literature on subsea 
permafrost and

related natural processes. The data and concept analysis, on subsea

permafrost of the Eurasiatic part of the Arctic in 
its relationship

with the Arctic development in Pleistocene, is given 
in the Part II

of the Report as a monograph with bibliography related 
to the problem.

The work was done by M. Vigdorchik (Principal Investigator),

B. Skholler (Computer Programmer), and by J. Adams (Senior Graphic

Artist) during the period of October 1976-September 
1978. The cost

was $100,000.

SUMMARY OF RESULTS INCLUDED IN THE FINAL REPORT

1. An evaluation of existing environmental data on submarine 
permafrost

of the Alaskan Shelf has been made. The reliability of the data and

the gaps have been defined.

2. The paleoenvironmental aspects of the submarine permafrost of the

Beaufort and Chukchi seas have been discussed. According to the

specifics of the origin and development of the permafrost 
the

Beaufort Sea shelf has been divided into three parts: 
a) the shelf

area suitable for submarine relic permafrost (western 
part); b) the

area with low suitability for relic permafrost (central 
part); c) the

area without relic permafrost (eastern part). The estimations of

thickness and specifics of submarine permafrost 
in each area have

also been made.

3. A computer system has been developed for the evaluation 
of all

existing environmental data on recent subsea permafrost 
development.

Thirty computerized maps of different oceanographic, 
geologic,
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glaciologic, and other parameters, have been generated: source

data maps, derived maps (three generations), and a composite map

specifying the candidate area for submarine permafrost development.

To develop the system a composite mapping algorithm for submarine

permafrost prediction has been made.

4. The system has been checked in the Beaufort Sea areas with known

permafrost. A comparison with Canadian data on submarine permafrost

has shown positive results and high correlation.

5. The system can be readily up-dated according to new data and in this

way the results can be enhanced.

6. The shelf maps showing suitability for submarine permafrost have been

compared with the BLM Lease nomination map. The extension of the

suitable areas for permafrost at each nomination site has also been

calculated.

7. The same work was done for the Chukchi Sea. It was found that there

is a limited distribution of areas suitable for ice-bonded submarine

permafrost. The areas were to the northwest from the Barrow Canyon

and at some sites along the coastal line.
II

During the report period we have begun to work on the use of the

computer techniques for managing large amounts of sea ice data as a sea-

ice subblock of the environmental block of the system. Together with

Dr. B. Stringer, the structuring and preparation of the data for input

into the computer was in progress. Amount of money spent: $30,000.
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Background

One of the major aspects of the OCSEAP Program is thereceipt of quality-controlled data by the Project Offices, andsubsequent use of this data in Quarterly, Annual, and FinalReports by investigators, by the Program in Synthesis Reports,and by the Bureau of Land Management in formulatingEnvironmental Impact Statements. As the Program evolved, theneed arose for a variety of data processing services which wouldensure the efficient execution of such activities. Many of theseservices were provided within the original framework of theProgram, but many required additional, dedicated support. ThisResearch Unit (RU) began such activities in March 1977, withprimary emphasis on ensuring that bird census data were receivedin the desired fashion, and more recently that analysis productsbe generated as needed. Past Quarterly and Annual Reports bythis RU detail the background and evclution of each situation.This report summarizes progress made in several areas during thelast quarter in particular, and during the last year in general.

Summary of Results

1. Validation of File Type 033 Data:

A summary of activities with respect to this type of data isshown in the Field Operation Status Report given in Appendix I.The following commentary references that report.

New Tapes:

One tape containing data for one field operation coded inNational Oceanic Data Center (NODC) format was received on 6February 1979. The field operation, 15678, brings to four thetotal number of data sets received from RU 196. The validationproducts CODEPULL and LOGLIST were mailed to this RU on 12February 1979. This operation was originally entered via use ofa Sol 20 microcomputer, and these validation products served asa check on the entry procedures used by the RU.

Total Receipts:

The one operation referenced above brings to 137 the totalnumber of data sets received for File Type 033 data. Theyinclude 81 in the U.S. Fish and Wildlife Service (FWS) version
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(80 from RU 337, 1 from RU 063) and 56 in the NODC version (12

from RU 108, 8 from RU 239, 12 from RU 337, 6 from RU 467, 4

from RU 196, and 14 from RU 083). Of the total, 26 were received

during the past contract year, all in NODC format.

Current Processing:

CODEPULL and LOGLIST validation products were 
sent to RU 196

for the one operation received during this quarter, 
an4 for the

eight other outstanding operations received from RU 083 during

the previous quarter. The yearly total consists of such

products for 34 operations (26 operations received during the

past year plus 8 others from RU 239 received at the end of the

previous contract year). These mailings complete such products

for all 137 operations received to date.

A total of 10 of the 137 sets of validation products are

outstanding. These include 6 from RU 467 and 4 from RU 196. Of

the 127 sets returned, 8 have been returned to RU 083 for

further error resolution. The remaining 119 have passed the

validation tests, but two, from RU 083, while they pass the

validaticn tests, are known to require changes to environmental

data. The other 117 have been sent to the contributing 
RU's and

to NODC, 107 during the past year, including the following 33

during this past quarter:

FW5003 FW5006 FW5029 FW5025 FW5031 FW6002

FW6004 FW6005 FW6007 FW6008 FW6010 FW6011

FW6013 FW6014 FW6016 FW6018 FW6019 FW6027

FW6050 FW6051 FW6052 FW6064 FW6077 FW6078

FW6083 FW6092 FW6094 FW6095 UCI501 UCI601

UCI602 UCI703 UCI704

The 117 operations completed and mailed to both the

contributing RU and NODC contain 81 which required conversion

from FWS to the NODC version of the 033 format. The final 
9 of

these conversions were carried out during this 
past quarter (all

81 during the past year):
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FW6013 FW6018 FW6027 FW6050 FW6051

FW6064 FW6083 FW6094 FW6095

Thus, the following operations remain outstanding at this
time:

RU 083:

UCI701 UCI702 UCI702L UCI801 UIC802

UCI803 UCI804 UCI805 UCI806 UCI808

RU 196:

1SR377 1SR477 1DI577 1SR678

RU 467:

AEESR1 AERSR2 AERSR3 AERSR4 AERSR5 AEESR6

After data are submitted to NODC, that agency also runs
validation check programs on the data. While many of the checks
are the same as those carried out by this RU (see Appendix II
for a current listing of 033 processing), a check for allowable
taxonomic codes is presently carried out only by NODC.
Exceptions to the allowable codes found by NODC are transmitted
to this RU for resolution. Such edit products have been received
for all 117 operations sent to date, and resolutions are being
found for all exceptions. These are being relayed to NODC for
update of the operations, and will also be used to update copies
of the data held at RU 527.

2. Validation of File Type 038 Data:

During the past year, work was begun on a validation
procedure for File Type 038 data in a manner analogous to that
employed for File Type 033 data. As with the 033 data, this data
has been recorded in two versions of the format, an FWS and an
NODC version. Two tapes of data recorded in FWS version, a total
of 13 field operations, have been received from RU 341, and one
tape, containing data for one field operation coded in the NODC
version was received from RU 467. CODEPULL and LOGLIST
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validation products were adapted to these versions, and products

for the following 14 operations mailed during the past quarter:

To RU 467:

77PGI3

To RU 341:

FW6020 FW6022 FW6023 FW6024 FW6054 FW6056

FW6059 FW6061 FW6063 FW6073 FW6076 PW6091

FW6099

None have yet been returned. After they are returned, editing

and conversion (except for 77PGI3, which is already in NODC

format) will be carried out.

3. File Type 033 Data Base Formation and Analysis Products:

Beginning during the third quarter of this past year, work

was begun on the design and production use of four analysis

products from File Type 033 data. Carried out in conjunction

with RU 083, this work has lead to the products described in

detail in Appendix III.

Generation of the products was preceded by conversion of the

data from the NODC format into the data base format of the

MARMAP Information System (the MIS is used for the validation

aspects of this RU's activities as well). Following such

conversion, data required for a given analysis are retrieved for

that purpose.

Data for the following 63 field operations have been

converted during this year:

BU 083:

UCI501 UCI601 UCI602 UCI701 UCI702 UCI703

UCI704
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RU 337:

FW5003 FW5006 FW5009 FW5011 FW5012 FW5013

FW5014 FW5016 FW5018 FW5024 FW5025 FW5027

FW5029 FW5030 FW5031 FW5034 FW6001 FW6002

FW6004 FW6005 FW6007 FW6008 FW6010 FW6011

FW6013 FW6014 FW6016 FW6018 PF6019 FW6025

FW6026 FW6027 FW6028 FW6029 FW6050 FW6051

FW6052 FW6064 FW6077 FW6068 FW6083 FW6092

FW6094 FW6095 FW7026 FW7027 FW7028 FW7031

FW7032 FW7033 FW7034 FW7035 FW7036 FW7C42

FW7045 FW7046

Based on data from RU 083 in this data base, a total of 18 File
Type 033 Data Summary Tables, 135 Digital Density Plots, 107
Statistical Analysis runs (three analyses per run), 23 Star
Diagrams, and several sample Contour Plots have been generated
for a variety of bird species, geographical area, and time
period groupings. Also, several sample runs have been made for
RU 337 data as well.

It should be noted that through generation of these
products, the interrelationships and significance of several of
the parameters characteristic of this file type were realized.
In some instances, certain critical parameters such as distance
to shelf break were absent from the data base. However, the
data were obtained from charts, etc., and were used to update
the data base prior to final production runs of the products.
Based on this knowledge, the following parameters should be
considered as "required" in future field efforts of this type:

Bottom depth
Distance to shore

Sea surface temperature
Distance to shelf break

Surface salinity
Direction of flight

It is fully expected that, as analysis of the data continues,
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additional parameters will be added to this list as new

interrelationships are found.

4. Interactive Data Entry and Analysis (IDEA) Network:

Also begun during the last half of this year was the

establishment of an Interactive Data Entry and Analysis (IDEA)

distributed processing network for OCSEAP data. The network is

composed of Texas Instruments Model 771 intelligent terminals 
at

investigator sites, plus a Model 774 host system at RU 527. In

this network, investigators enter field data at the 771

terminals, using quality control data entry programs prepared

for them by RU 527. These programs carry out all validation

steps carried out by CODEPULL and LOGLIST, but as the data are

entered, not at a later date. After entry, the data are either

sent to the host site by telephone as a remote job entry (RJE)

submission or by mail (floppy disks), where they are copied to

tape for submission to NODC, and also converted into the MIS

data base format for use in analysis products. The individual

investigator can then retrieve selected portions of the data

base for use in analysis at his site, using either the

PROCEDURES or BASIC languages available on the 771, using

resources available through a local host computer system, or RU

527 can generate such analyses and deliver them to the

investigator either via an RJE submission to the investigator's

terminal or via the mail, depending upon urgency of 
the need and

associated costs.

Data entry and validation prcgrams are currently planned 
for

File Types 031, 033, 034, and 135 data. To date, 771 terminals

have been installed and user training initiated at RU 083 
and RU

196/172, and programming for File Type 033 has been delivered 
to

these sites.

Financial Report

The Financial Report given in Figure 1 summarizes expenses

during the past quarter in terms of salaries (and indirect

costs), computer expenses, supplies, travel, equipment rental,

equipment purchase, and other.
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Figure 1

OCSEAP Data Processing Services

Financial Report

Period Covered: 1/1/79 - 3/31/79

Salaries $12,702.21
Indirect Costs (55% of salaries) 6,986.22

Sub-total $19,688.43

Supplies 64.87
Travel 1,851.45
Equipment rental 1,334.46
Equipment 20,228.00
Computer 5,211.47
Repairs 150.00
Other (Xeroxing, postage, etc.) 423.99

Total $48,952.67
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Activity/ Milestone Chart

The Activity/Milestone Chart given in Figure 2 shows actual

and planned completion dates for past, present, and future

activities.
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Figure 2

Activity/Milestone Chart

RU #: 527 PI: Harcld Petersen Jr. -- University of Rhode Island
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Field Operation Status Report
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414



OCSEAP DATA VALIDATION PROCEDURES
For File Type 033

(Release 6: December 31, 1978)

In order to provide data validation for the File Type 033 data

from the OCSEAP Project, four areas need consideration. These

include card type validation, 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

interpretation 'of remaining fields on that card), along with the

occurrence and sequencing 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 lover limits), and

relational checks on interrelated fields (ex. - wet bulb temperature

readings should be less than or equal to corresponding dry bulb

temperature readings). 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 called CODEPULL. First the card

type is verified. This must be between one and five, and certain

other fields are also checked for further verification (ex. - a type

five card must have a taxonomic code and a sequence number). Extra

cards and missing cards are detected with the sequencing routine.

This checks that the cards are in order, that each station has a

unique one card followed by a unique two card, and that there are no

duplicated or skipped sequence numbers. Then the appropriate code

tables are called, and each code of each code field is compared with

the appropriate table containing all valid codes for that field.

The output from CODEPULL is a listing of the file in order by

station number. Any errors detected are flagged by 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 relatonal 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 leading 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 columnar 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
embedded blanks by an asterisk. Figure 3 is a list of the limit and
relational checks made and Figure 4 is a portion of a LOGLIST
listing.

These outputs are sent to the Principal Investigator for
correcting. He checks the diagnostic messages and the data and
marks any necessary corrections 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 are converted to NODC format (if they were
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 converted to codes;
and codes are converted to those equivalent codes acceptable to
NODC. Figure 5 is a list of the conversion routines carried out.
Data collected in NODC format is also run through the conversion
program. This is necessary in order to standardize certain fields
since coding varies between investigators, and includes providing
leading zeros or blanks, and checking for signs. Figure 6 is a list
of transformation routines required.

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.

NOTE: An * denotes a change in this entry since the previous report.
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FIGURE 1: CODE GROUPS VALIDATED
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FIGURE 2: SAMPLE CODEPULL LISTING
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FIGURE 24
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FIGURE 2B
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FIGURE 3: LIMITS AND RELATIONAL CHECKS
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FIGURE 4: SAMPLE LOGLIST LISTING
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FIGURE 4A
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FIGURE 5: FWS - NODC CONVERSION ROUTINES

431



432



433



434



435



The following fields will have Leading Zeros
or Leading Blanks inserted as necessary.

NOTE: An * denotes a change to this entry since the previous report.
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FIGURE 6: NODC TRANSFORMATION ROUTINES
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Appendix III

File Type 033 Data Analysis Products
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OCSEAP
Bird Census Analysis Products
(Release 1.0; 1 February 1979)

Background

A series of four products have been identified by OCSEAP for use in
the analysis of bird census data. Developed through the auspices of the
Juneau Project Office, Dr. George Hunt (RU083), and the Data Projects
Group (RUS27), these products are based on data acquired in File Type 033,
and are stored, retrieved, and portrayed through use of the MARMAP Infor-
mation System.

The four products are entitled Digital Density Plot, Contour Plot,
Star Diagram, and Statistical Analyses. This report describes the prod-
ucts, associated Data Summary Table, and includes sample output from each.

File Type 033 Data Summary Table

The Data Summary Table serves as a reference point for use with the
four analysis products. Shown in Figure 1, it lists a variety of raw data
parameters for each transect. In addition, two parameters listed are de-
rived from other raw data in the file. These parameters are the transect
length (in meters) and the area surveyed (in square kilometers). Also
listed is a block reference number defined in the Digital Density Plot
description.

Digital Density Plot

This analysis produces a digital plot of bird densities, using a high
speed printer, as shown in Figure 2. The area portrayed corresponds to
the geographical area in which the data were collected, separated into ten
minute by ten minute blocks. A reference number for each block is included
in the File Type 033 Data Summary Table. A Block Identification Number
display, Figure 3, is similar in appearance to the plot, but contains block
reference numbers instead of bird densities. This master reference is used
to relate a block number on the plot with transect data in the table.

Three values are obtained for each block. They are the largest number
of birds per square kilometer on any transect, the mean number of birds per
square kilometer for all transects, and the smallest number of birds per
square kilometer seen on any transect. The values are printed in a posi-
tion on the plot which corresponds to the particular block. The mean value
is printed in the middle, with the largest and smallest density values
printed above and below the mean, respectively. To assist in interpreting
the plot, a mylar overlay is available, which shows land masses and bottom
depth contour lines in the area being studied.

Densities can be calculated with respect to any time of day, behavior,
season, month, subset of species, or combination of these or other parameters.
Also, the user may specify that only a certain portion of the total area
surveyed be displayed.
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Figure 1

File Type 033 Data Sumnary Table
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OCSEAP - FILE TYPE 033 DATA SUMMARY
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Figure 2

Digital Density Plot
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Figure 3

Block Identification Numbers

451



452



2

Contour Plot

Surfaces of constant bird abundance (numbers of individuals) are

plotted in this horizontal contour product shown in Figure 4. Abundance

data for all sightings at a given point are first summed (i.e. more than

one transect could have been made at the same location), and, together

with location, are used as input to a horizontal contour analysis program

written by Calcomp, Inc. A grid pattern (latitude, longitude) covering

the area studied is established, and input location and abundance data

are used to determine an abundance at the location corresponding to each

grid intersection. From this regular array, contours of constant abundance

are determined and drawn.

The user has the option of specifying many of the parameters used in

the calculation. These include the upper and lower location bounds, the

number of grid subdivisions, the number of nearest neighbor values used

in the calculation of abundance at each grid point, the order of the
function used to estimate abundance at each grid point, the levels at

which contour lines are to be drawn, and the size of the resultant plot.
The choice of parameters depends upon the amount and geographical distribu-

tion of sightings data. In the example (Figure 4), a twenty by twenty grid,
twelve nearest neighbors, third order fit, auto-determination of plot bound-

aries, and contour lines from zero to nine hundred in increments of one

hundred were specified.

Any subset of abundance data may be chosen. Selection may be made,
as in the Digital Density Plot, on the basis of species, time, behavior,
temperature, or any other observed parameter or combination thereof.

Star Diagram

This analysis produces a map showing bird flight patterns, as shown
in Figure 5. The survey area represented is divided into twenty minute
by twenty minute blocks. Within each block, abundance data are summed as

a function of flight direction in thirty degree intervals. A vector, whose

length is proportional to the number of individuals flying in a given direc-

tion, is then drawn. A star pattern results when all vectors within a

block are drawn from a common origin. The number of individuals represented

is recorded just following each vector arrowhead.

Drawn on a twelve inch drum plotter, a convenient map size shows two

degrees latitude and any number of degrees longitude. For cases where the

area of interest covers more than two degrees latitude, several two degree-
wide maps are drawn, and can be aligned to show the total area. The map in

Figure 5 covers an area of four degrees latitude by five degrees longitude
and is drawn in a Miller projection.

As with other products in this series, the user may select abundance

and flight direction data based on a series of criteria which include, for

example, species, time, distance from shore, etc., or any combination of

parameters.
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Figure 5

Star Diagram
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Statistical Analyses

In this product, the interdependence of bird density and physical
parameter data (selected according to user criteria) is evaluated through
use of selected programs from the Statistical Package for the Social Sciences.
Individual sighting data are used vis a vis data summed by region. Three
analyses are performed: stepwise multiple regression, factor analysis, and
canonical correlation. Sample results are shown in Figure 6.

The stepwise multiple regression routine is used to examine varia-
tions in the number of birds per square kilometer (the dependent variable)
as a function of variations in sea surface temperature, surface salinity,
distance to shelf break, distance to nearest shore, and bottom depth (the
independent variables). A linear regression formula is calculated along
with a number of other statistics including a table showing which inde-
pendent variable(s) is (are) the best predictor(s) of the dependent vari-
able.

The factor analysis subroutine attempts to reduce the number of
variables required for study by examining the intercorrelations of all
variables and indicating a small number of variables which account for
most of the variance in all of the variables. The major difference be-
tween stepwise multiple regression and factor analysis is that factor
analysis does not distinguish between dependent variables and independent
variables. Factor analysis does not explain dependent variable variance
in terms of independent variable variance. It maximizes the explained
variance of all variables available to it.

Canonical correlation analysis takes as input two sets of variables
and attempts to account for a maximum amount of relationship between them.
This is done by deriving a linear combination from each of the sets of
variables in such a way that the correlation between the two linear com-
binations is maximized. In this case, one set consists of the set of de-
pendent variables (the density per square kilometer) while the other set
is comprised of the independent variables as listed in the discussion of
the stepwise multiple regression subroutine.
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Figure 6

Statistical Analyses
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

A. SUMMARY OF OBJECTIVES

The objectives are to coordinate and conduct an analytical quality-
assurance program that compares results among Principal Investigators (PI's)
within the OCSEAP program, as well as between OCSEAP and other BLM-funded
investigators, and to recommend procedural modifications for improved
analytical techniques, particularly those dealing with polar organic com-
pounds associated with petroleum.

B. SUMMARY OF CONCLUSIONS

We conclude that:

1. Our new hydrocarbon extraction procedure for marine sediment,
using a ball-mill tumbler at ambient temperature, is useful for processing
large numbers of samples.

2. Intralaboratory hydrocarbon analyses of the OCSEAP Interim Refer-
ence Material (sediment) using three traditional boiling-solvent extraction
methods and our latest ball-mill extraction method gave comparable results,
within experimental uncertainties (l[sigma]).

3. The Interim Reference Material (sediment) prepared by OCSEAP was
sufficiently homogeneous to be distributed to collaborating BLM/OCS PI's
for interlaboratory calibration investigations.

4. Polar organic compounds related to petroleum can be effectively
prepared for gas chromatographic (GC) or high-pressure liquid chromatographic
(HPLC) analysis by a combination of adsorption and gel permeation liquid
chromatography (LC).

C. SUMMARY OF IMPLICATIONS

The developments reported herein contribute to an understanding of
analytical methodology for hydrocarbons and other petroleum-related compounds
in marine environmental samples.

II. INTRODUCTION

A. GENERAL NATURE AND SCOPE OF STUDY

A quality-assurance program for chemical analyses of petroleum components
among BLM/OCS environmental studies is an objective of the BLM/OCS and OCSEAP
programs. To this end, OCSEAP prepared an Interim Reference Material (IRM)
from a harbor sediment known to be contaminated with aliphatic and aromatic
hydrocarbons. To characterize this IRM sediment and establish suitable cri-
teria of homogeneity, we analyzed more than 30 100-g portions, using both
traditional and new extraction procedures for hydrocarbons.

Most hydrocarbon extractions from sediment depend on solvent reflux which
poses difficulties for routine processing of large numbers of samples. As an
alternative, we devised an ambient-temperature, solvent extraction using a
ball-mill tumbler. We compared our new procedure with three boiling-solvent
extraction procedures. Aliphatic and aromatic hydrocarbons from the IRM
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sediment were quantitated by glass capillary GC analysis. After the sediment
was dewatered with methanol, the tumbler extraction with 2:1 dichloromethane:
methanol gave hydrocarbon yields comparable to the boiling-solvent extractions.
A large number of samples can be routinely processed by this new method.

Once the IRM sediment met satisfactory homogeneity criteria by these
analyses, we distributed six 100-g portions to each of 14 BLM/OCS PI's (see
Appendix I) for interlaboratory analyses. When the PI's have completed the
reports of their analyses, we will collate the analytical data and place them
in a statistical context for the OCSEAP/BLM program.

B. SPECIFIC OBJECTIVES

1. Evaluation of existing methods and development of new methods to
analyze hydrocarbons and petroleum-related polar compounds in environmental
samples. Recommendation of procedural modifications and improvements to
OCSEAP/BLM.

2. Distribution of interim intercalibration reference materials to PI's
for heavy hydrocarbon analysis.

3. Tabulation of analytical results of reference material reported by
collaborating laboratories for OCSEAP/BLM.

4. Submission to OCSEAP/BLM of data on the chemical composition of two
typical Alaskan crude oils, one from Prudhoe Bay and the other from Cook Inlet.

C. RELEVANCE TO PROBLEMS OF PETROLEUM DEVELOPMENT

OCSEAP and BLM have regarded analyses of environmental samples for hydro-
carbons as essential to their environmental studies pertaining to petroleum
development on the outer continental shelf (OCS). Effective measurement of
hydrocarbons in marine sediments requires standardized extraction procedures
that are efficient and reproducible. Hence, our studies comparing existing
state-of-art methodology with new methodology provides valuable information
on this technology. Once the major procedures were interrelated statistically,
using the IRM as test sample, the way was paved for interlaboratory calibra-
tion efforts. If most of these laboratories report back analytical data on
most of these hydrocarbons, along with typical blank analyses, it should be
possible to make useful statistical statements about the quality assurance of
OCS hydrocarbon analyses.

Petroleum also contains many organic compounds more polar than hydro-
carbons. Analytical methodology to extract and analyze toxic polar organics
at trace levels remains largely unexplored with respect to samples from the
marine environment. Hence, establishment of efficient, statistically-proven,
ultra-sensitive analytical procedures for these compounds is important to the
OCS program.

III. CURRENT STATE OF KNOWLEDGE

Concern over oil pollution has led to considerable interest in measuring
amounts of hydrocarbons in the marine environment (Clark and Brown 1977).
A number of researchers have developed specialized procedures for analyzing
hydrocarbons in marine sediments (Rohrback and Reed 1975; Hilpert et al. 1978;
Farrington and Tripp 1975; MacLeod et al.1977a,b; Warner 1976; Carpenter and

Bates 1977; Clark and Finley 1973; Chesler et al. 1976; Quinn 1978;
and Shaw 1,977). Because the various
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procedures have not been adequately assessed (Rohrback and Reed 1975; Hilpert
et al. 1978), interpretations of analytical data from these analyses have been
difficult, especially for individual aliphatic and aromatic hydrocarbons. To
help overcome such deficiencies, it is desirable to compare important analyt-
ical methods for hydrocarbons in marine sediment using a representative set of
individual hydrocarbons. Clearly, the extraction techniques compared should
be reproducible, accurate, and efficient within meaningful limits. In addi-
tion, these techniques need to be safe and convenient for processing large
numbers of samples.

Soxhlet extraction with benzene and methanol (Rohrback and Reed 1975;
Farrington and Tripp 1975; Carpenter and Bates 1977; Clark and Finley 1973;
and Shaw 1977) is generally considered the most efficient technique for hydro-
carbon recovery. However, it may not be convenient for processing large
numbers of samples (MacLeod et al.1977a,b), Recently, alternative techniques
have been reported that may be as efficient as Soxhlet extraction. For exam-
ple, Farrington and Tripp (1975) showed that sediment refluxed for three hours
with benzene and methanol yielded about the same gross weight of hydrocarbons
as did the Soxhlet extraction technique. Similarly, Rohrback and Reed (1975)
reported that by shaking sediment with various solvents, they extracted almost
the same weight of hydrocarbons as they did by Soxhlet extraction with the
same solvents. However, MacLeod et al. (1977a) found that shaking often pro-
duced stable emulsions. To avoid emulsions, Warner (1976) suggested extract-
ing sediments with diethyl ether/water, using a ball-mill tumbler. This
approach reduced emulsion formation and was convenient for mass sample pro-
cessing (MacLeod et al.1977a,b), but Carpenter and Bates (1977) found that this
technique generally extracted only about one-third the amount of hydrocarbons
extracted by the conventional Soxhlet technique.

During the course of our evaluat on of existing methodology for analyzing
hydrocarbons from marine sediments, Brown et al. (1979a,b) developed a new
hydrocarbon extraction procedure that uses methanol and dichloromethane with a
ball-mill tumbler. The extraction efficiency is generally comparable to
traditional boiling-solvent methods.

IV. STUDY AREA

Nonspecific.

V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Set forth in Appendix II (excerpts of Brown et al.1979b) and in
Appendix III (excerpt of MacLeod et al. 1977a).

VI. RESULTS

Details of a new procedure for extracting hydrocarbons from marine sedi-
ments are described in the excerpts (Appendix II) of Brown et al. (1979b)
accepted by the American Chemical Society. Appendix II also contains the
results of our intralaboratory comparison of our ambient-temperature procedure
with three boiling-solvent procedures. Two of the boiling-solvent procedures
are analogous to those recommended by BLM in its OCS environmental research
contracts.
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The comparison of interlaboratory analyses by collaborating OCS PI's is
necessarily incomplete because only five of fourteen PI's have reported their
analyses of the IRM sediment (see Appendix I).

Our laboratory has performed several analyses of samples of Prudhoe Bay
crude oil. Although the results varied somewhat from sample to sample, the
results listed in Table 1 are typical.

TABLE 1. Organic composition of Prudhoe Bay crude oil used in research
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The proportion of isoparaffins and cycloparaffins were calculated from the
difference between the amount of n-paraffins in the total saturates fraction
and the total proportion of saturates in the oil. The analysis of aromatic
hydrocarbons revealed naphthalenes as the major components with decreasing
proportions of phenanthrenes and anthracenes, dibenzothiophenes, benzenes,
fluorenes, and biphenyls and acenaphthenes.

VIII. DISCUSSION

A. BALL-MILL TUMBLER EXTRACTION

To avoid unnecessary cost, inconvenience, and hazards in extracting large
numbers of sediment samples with boiling solvents (MacLeod et al. 1977a), we
investigated alternative procedures. Ideally, a suitable procedure should
extract efficiently and reproducibly, and be simple, safe, and convenient.
In particular, we needed a method that (a) used minimal benchtop or hood space,
(b) could function at ambient temperature, (c) avoided freeze-drying, and
(d) avoided benzene, a suspected carcinogen. After more than a year's exper-
ience with solvent-slurry extractions of sediments using a ball-mill tumbler
(MacLeod et al.1977a,b),we devised a procedure using methanol and dichloro-
methane that largely met these criteria (Brown et al. 1979a,b).

In developing this tumbling extraction procedure, a number of solvent
systems were investigated. Comparison of these tumbler solvent systems showed
that if methanol was one of the solvents, hydrocarbon extraction efficiencies
were 2-3 times better than without it, irrespective of the less polar co-sol-
vent used. Dichloromethane was chosen as the co-solvent over diethyl ether or
benzene because it is safer.

To optimize our tumbler method, we tested various ratios of dichloro-
methane to methanol at various solvent to IRM sediment ratios. When dichloro-
methane:methanol ratios were between 2:1 and 1:2, extraction efficiencies
approximated those achieved by benzene/methanol Soxhlet extraction. Since a
higher ratio of dichloromethane to methanol simplifies subsequent extract
workup, a 2:1 ratio was chosen. Further study showed that when less than
100 mL of 2:1 dichloromethane:methanol were used to extract a 100-g sample of
IRM sediment, extraction efficiencies decreased.

Samples that had a substantial aqueous phase floating on the dichloro-
methane/methanol during extraction also gave lower hydrocarbon yields. To
minimize this effect, sediments were dewatered by swirling briefly with
methanol twice before extracting with 2:1 dichloromethane:methanol. It is
important that the methanol from the dewatering steps be combined with the
subsequent dichloromethane/methanol extracts before further contact with
water to avoid erratic hydrocarbon recoveries.

B. COMPARISON OF EXTRACTION METHODS

Preliminary analytical results (Brown et al. 1979a) indicated that our
ambient-temperature tumbler sediment extraction was about as efficient for
hydrocarbon recoveries as Soxhlet extraction. To test the tumbler extraction
performance more completely, we have compared it with (a) an alkaline methanol
reflux extraction (Quinn 1978), (b) a 1:1 benzene:methanol Soxhlet extraction
(Clark and Finley 1973), and (c) a 2:1 dichloromethane:methanol (azeotrope
7.6:1) Soxhlet extraction (Brown et al. 1979b), using replicate analyses of
the IRM sediment.
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Within the experimental uncertainties (1[sigma]), the tumbler method compared
favorably with the Soxhlet extractions in the C13-C 2 6 alkanes; the Soxhlet
extractions were generally more efficient in the C2 7-C 31 range. Soxhlet
extraction with dichloromethane/methanol gave the least reproducible results.
Usually, direct reflux extraction was least efficient, but most reproducible
for both alkanes and aromatics. Recoveries for the higher polynuclear aroma-
tics were generally greatest by benzene/methanol Soxhlet extraction. Again,

dichloromethane/methanol Soxhlet extraction gave the least reproducible
results.

C. POLAR COMPOUNDS

Efforts were directed toward developing efficient and reproducible trace
analyses of polar petroleum-related organic compounds from marine environ-
mental samples. We have investigated the following techniques for isolation
and for analysis of oxygenated compounds:

SSilica-gel adsorption LC to separate oxygenated compounds from
hydrocarbons;

* Gel-permeation LC using Sephadex LH-20 and Biobeads SX to separate
weak acids (phenolics and fatty acids) from lipid;

* Reversed-phase HPLC to separate polar metabolites from parent

aromatic hydrocarbons; polar compounds detected by UV absorbance,
or fluorescence, or both.

* Chemical ionization mass spectrometry to identify labile, non-
volatile metabolites such as the glucoside of naphthol.

Progress on these techniques has been promising to date, and we will
continue to study their proper deployment.

D. ANALYSIS OF ALASKAN CRUDE OILS

Preliminary data on Prudhoe Bay crude oil composition is presented in

Table 1. We have performed other analyses on other samples of Prudhoe Bay

crude oil that indicate these results may be considered typical, considering

all the variables that affect the composition. For example, a crude oil
may differ in composition within the barrel. Also, its composition can

change after the barrel has been opened, or during the lifetime of its use
from a given barrel. Finally, there is the change in composition of crude
oil throughout a given oil field or even from a given well over a period of
time. Under these constraints, the other analyses of Prudhoe Bay crude oil

generally agree well (within ± 50%) with the analysis given in Table 1. As

our analytical techniques become more sensitive and reliable we will re-

examine Prudhoe Bay crude oil composition, extending the number of compounds

analyzed, where possible. Upper Cook Inlet crude oil will be analyzed
similarly.

VIII. CONCLUSIONS

A. Our ball-mill tumbler procedure generally can extract hydrocarbons from
a marine sediment as efficiently as boiling-solvent methods.

B. Dewatering with methanol prior to extraction obviated the need for
freeze-drying.
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C. Soxhlet extraction with dichloromethane/methanol gave greatest, but least
reproducible, yields of hydrocarbons.

D. Direct reflux extraction with KOH/methanol gave lowest, but most reproduc-

ible, yields of hydrocarbons.
E. Preliminary evidence suggests that among the OCS PI's, the most accurate

and reproducible analytical results were obtained on the highest resolu-
tion GC columns, i.e., glass capillaries. Next were those using the
support-coated, open-tubular (SCOT) GC columns. Least accurate and
reproducible results appear from packed GC columns.

F. A combination of chromatographic and spectroscopic methods is necessary
to separate and analyze polar organic compounds related to petroleum from
marine environmental samples. Sequential use of adsorption and gel-
permeation LC is useful in preparing extracts from marine environmental
samples for analysis by GC/MS or HPLC/MS.

G. Conjugated metabolites of aromatic hydrocarbons can be identified using
chemical ionization mass spectroscopy with a direct probe.

IX. SUMMARY OF THE 4TH QUARTER

A. ACTIVITIES

Last year, six 100-g portions of the IRM sediment were sent to each of
fourteen OCS PI's. During this quarter Dr. James Payne, S.A.I., Inc., and
Prof. I.R. Kaplan, UCLA, reported results of their analyses of this sediment.
In total, only five of the PI's have reported results (see Appendix I).

Efforts continued on the development of methods for the analyses of
petroleum-related polar compounds. In a seminar at the Center on February 21,
Dr. Margaret M. Krahn of our staff delineated current capabilities for HPLC
analysis of phenols, naphthols, and other aromatic hydrocarbon metabolites.
In summary she. has found:

* A newly developed reversed-phase HPLC column significantly improves
HPLC analyses of phenolics and other aromatic hydrocarbon metabolites.

* Special arrangements are needed to measure ultraviolet fluorescence
(IVF) of phenols. Most HPLC UVF detectors do not operate at the neces-
sary emission wavelengths (<300 nm).

* A "square" detector cell in combination with a UVF spectrometer gave
subnanogram sensitivities for phenols upon HPLC analysis.

* Small amounts of acetic acid (e.g., 2%) in the aqueous solvent of HPLC
greatly improved retention time reproducibility of conjugated metabo-
lites of naphthalene:viz, the glucuronide and the sulfate.

Don Brown was successful in obtaining chemical-ionization mass spectra
of naphthyl glucuronide and naphthyl glucoside without prior derivatization.
Thus the presence of these compounds can be verified in HPLC fractions sus-
pected of containing the conjugated metabolites.

B. PROBLEMS ENCOUNTERED

Delays in reporting IRM analytical results by the OCS PI's have neces-
sarily held up progress in our collating and evaluating the interlaboratory
calibration. We recommend that only one more calendar quarter be allowed
for final submission of results by the OCS PI's.

C. ESTIMATE OF FUNDS EXPENDED: 15K (out of 50K)
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(APPENDIX I - continued)

ADDITIONAL RECIPIENTS OF DUWAMISH RIVER SEDIMENTS
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APPENDIX II

Excerpts from Brown et al. (1979b)

MATERIALS AND METHODS

Materials, reagents, apparatus, and their cleaning procedures have been

published previously (6,12). All solvent ratios were on a vol:vol basis.

Sediment dry weights were determined on 10-20 g samples (6).

Methanol Purification

To check methanol purity, 200 mL were diluted with an equal volume of

contaminant-free dichloromethane and extracted twice with 200 mL portions of

distilled water. After the resulting dichloromethane phase was concentrated

to 1 mL, it was analyzed for contaminants by glass capillary GC. When

contaminants exceeded 0.1 ng/uL in the dichloromethane concentrate (i.e., 0.5

ug/L methanol), 1500 mL of the methanol was purified by diluting it with 500

mL of water and extracting it with 2 x 50 mL of contaminant-free hexane. Then

the aqueous methanol was redistilled at 65-670C through an efficient

fractionation column and checked by GC analysis (see fig. 3).

Sediment Extraction Procedures

Ball-Mill Tumbler Extraction. Figure 1 shows the extraction scheme. A

100 g sample of wet sediment was weighed into a 1-L bottle, and 50 mL of CH3OH

were added. Aliquots of recovery standards (n-decylcyclohexane and 1,3,5-

triisopropylbenzene) were added to each sample, except for the reagent blank.

An aliquot containing the compounds to be quantitated was added to a second
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493



-15-

blank to estimate typical losses due to handling. The bottles containing the

samples and CH3OH were gently swirled by hand to dewater the sediment. The

CH30H was decanted into a 600-mL beaker, and the methanol-dewatering step was

repeated with another 50 mL of CH3OH. Then 100 mL of 2:1 CH2 Cl2:CH30H was

added to the sediment, and the bottles were sealed with all-Teflon screwcaps

and rolled on a ball-mill tumbler for 16 hr (overnight) at ca. 75 rev/min.

The extract was decanted into the 600 mL beaker containing the methanolic

extracts. Then the sample and bottle were washed with ca. 5 mL CH2 Cl 2

(dispensed from a clean Teflon wash bottle), and the washings were decanted

into the 600-mL beaker. The CH2 C12/CH30OH sediment extraction step was

repeated twice, first for 6 hr, then for 16 hr.

All extracts were combined and filtered through a 65-mm i.d., coarse

fritted-glass filter-funnel into a 1-L separatory funnel. The beaker and

filter were washed twice with 25-50 mL of CH2 C12 . The total filtrate was

gently swirled for 2 min with 500 mL of distilled water to remove CH3 OH from

the CH2 C12 phase. After the phases separated, the CH2 Cl 2 (lower) phase was

drained into a 500-nl Erlenmeyer flask. The aqueous (upper) phase was then

back-extracted with 20 ml of CH2 C12 , and the CH2C12 phases were combined. The

aqueous phase was discarded. The aqueous wash/CH2Cl2 back-extraction steps

were repeated on the combined CH2C12 extracts prior to cleanup (below).

Direct Reflux Extraction. Wet sediments (50 g) were refluxed in 250 mL

of 0.5 N KOH in CH3 OH and 35 mL of distilled water for 2 hr (13). After

cooling, the mixture was poured through a 65-mm i.d., coarse fritted-glass

filter-funnel into a 1-L separatory funnel. The extraction flask and the

filter were rinsed with 20 mL of CH OH and 3 x 35 nL of CH2C12. Distilled

water (150 mL) was added to the extract and the mixture was shaken. After the

phases separated, the CH2C12 layer was drained into a 500-mL Frlenmeyer flask,
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and the aqueous phase was back-extracted with 50 mL of CH2
C12. The combined

CH2 C12 extracts then passed to the cleanup step (below).

Soxhlet Extraction with Benzene/Methanol. The procedure of Clark and

Finley (10) was employed, using two 24 hr extractions of a 
100-g sample of wet

sediment, each with 250 mL of 1:1 C6 H6 :CH3 0H. The combined extracts were washed

with water, dried over Na2S04, and evaporated just to dryness with 
a rotary

evaporator. The residue was dissolved in CH2 C12 for extract cleanup (below).

Soxhlet Extraction with Dichloromethane/methanol. Wet sediments (100 g)

were extracted by a similar Soxhlet procedure using 2:1 CH30H:CH2Cl2 (15). The

extracts were combined, washed and concentrated as done in 
the tumbler proce-

dure prior to cleanup.

Extract Cleanup

The sediment extract in CH2 C12 was filtered through a 19-mm i.d. chroma-

tography column containing 20 mL of activated silica gel previously prepared

in CH2C12 and covered with a 1-cm layer of sand 
(6). Then the column was

eluted with one bed volume of CH2Cl2 . The combined eluates were collected in

a 500-mL Erlenmeyer flask equipped with a 24/40 outer joint. Residual CH30H,

H20, particulates, and gel-forming polar materials (which could 
plug the

silica gel chromatography column used later) were removed by this 
step. A

Snyder distillation column equipped with a 24/40 inner joint was 
attached to

the flask, and the assembly was placed in a heated (ca. 60
0C) water bath. The

CH2 C12 extract and eluate were concentrated to ca. 15 mL and transferred to a

25-mL Kontes concentrator tube. After a Teflon boiling chip was added, and a

Kontes micro-Snyder column (modified with indentations) was attached, 
the

extract was further concentrated on a modified Kontes tube heater 
to ca. 1 mL.

After adding 2 mL of hexane, the extract was reconcentrated to ca. 1 mL for

fractionation into hydrocarbon classes.
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Fractionation into Hydrocarbon Classes

All extracts were chromatographed on Davison grade 923 silica gel, as

reported earlier (6,7). Two fractions, containing saturated and unsaturated

hydrocarbons respectively, were collected in separate 25-mL Kontes concentrator

tubes. These fractions were concentrated to 1 mL on a modified Kontes tube

heater. After adding 2 mL of hexane, the extract was reconcentrated to 1 mL

and transferred to gas chromatography (GC) sample vials. After adding 4 ug of

hexamethylbenzene (GC internal standard) in hexane, the vials were sealed for

GC analysis.

Gas Chromatographic Analysis

The vial contents were automatically sampled and analyzed by GC (6,7)

using high-resolution glass capillary columns (see App. 3 for column parameters

and operating conditions). Major alkanes ranging from decane (n-C10 H2 2 )

through hentriacontane (n-C3 1H6 4), plus pristane and phytane, were quantitated

in the saturated hydrocarbon fraction. The arenes listed in Table 2 were

quantitated in the unsaturated hydrocarbon fraction.

RESULTS AND DISCUSSION

Comparison of Extraction Methods

Preliminary analytical results (12) indcated that our ambient-temperature

tumbler sediment extraction was about as efficient for hydrocarbon recoveries

as Soxhlet extraction. To test the tumbler extraction performance more com-

pletely, we have compared it with (a) an alkaline methanol reflux extraction

(13), (b) a 1:1 benzene:methanol Soxhlet extraction (10), and (c) a 2:1 di-

chloromethane:methanol (azeotrope 7.6:1) Soxhlet extraction (15), using repli-

cate analyses of the homogenized harbor sediment.

Tables 1 and 2 list individual aliphatic and aromatic hydrocarbon yields

and relative standard deviations (RSD's) for the four methods. Within the
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Table 1. Concentrations of Aliphatic Hydrocarbons (ng/g dry wt) found in Homogenized

Duwamish River Sediment by Four Extraction Methods; x = Mean, n = Number of

Analyses, RSD = Relative Standard Deviation of the Mean (100 SD/x).



Table 2. Concentrations of Aromatic Hydrocarbons (ng/g dry wt) found in Homogenized Duwamish RiverSediment by Four Extraction Methods; x = Mean, n = Number of Analyses, RSD = RelativeStandard Deviation of the Mean (100 SD/x).
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experimental uncertainties (i.e., the RSD's), the tumbler method compared

favorably with the Soxhlet extractions in the C13-C26 alkanes (Table 1), while

the Soxhlet extractions were generally more efficient in the 
C27-C 3 1 range.

Soxhlet extraction with dichloromethane/methanol was least reproducible 
(e.g.,

7 of 21 RSD's >33%). Usually, direct reflux extraction was least efficient,

but most reproducible for both alkanes and aromatics. Recoveries for the poly-

nuclear aromatics below fluorene in Table 2 were generally highest 
by benzene/

methanol Soxhlet extraction. Again dichloromethane/methanol Soxhlet extraction

was least reproducible (highest RSD's).

Variability of Aromatic Hydrocarbons

Figure 2 shows that the unsubstituted aromatics are generally 
more

abundant than their alkyl-substituted homologs. Recent research of LaFlamme

and Hites (16) and Youngblood and Blumer (17) indicate that this pattern is

characteristic of combustion by-products as opposed to spilled fossil 
fuels.

If these aromatics had such an origin and were deposited with various 
types of

airborne particulates, they could give uneven results for this 
sediment, even

though it was homogenized in a mixer for 3 hours. This is consistent with the

greater variability observed for the aromatic data compared to 
the alkane data

(e.g., 28 out of 68 RSD's >33% in Table 2 vs. 10 out of 84 RSD's >33% in

Table 1).

In the extreme, the overall recoveries of aromatics in 5 of 28 analyses

exceeded the overall mean of their respective subsets (n>5) by factors of 3,

3, 3, 5, and 10, while the corresponding alkane recoveries did 
not. These

exceptional step increases in only the aromatics may be due to the 
presence of

one or more aromatic-rich particles (e.g., soot). This possibility is not

excluded since the sediment came from an active harbor in an urban industrial

area. Dixon's statistical method of outlier analysis (18) was used to exclude

such extreme results from Tables 1 and 2.
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Impurities in Methanol

We found that methanol was an important co-solvent for extracting hydro-

carbons efficiently from the wet sediment. Even the purest of more than ten

top grades of commercial methanol had impurities that 
interfered with hydro-

carbon analyses (fig. 3A). Attempts to purify such methanol by fractional

redistillation removed only contaminants boiling higher than 
n-C12H26 (fig. 3B).

To reduce contaminants less volatile than n-CgH 18 to acceptable levels (<0.5

ug/L), methanol was diluted with water, extracted 
with hexane and redistilled

(fig. 3C).
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APPENDIX III

Excerpt from MacLeod et al. (1977a)

ANALYTICAL PROCEDURES

Materials

Materials contacting the sample were confined to glass, Teflon, metal 
or

residue-free solvents and reagents. This includes the liners of caps and

lids. All glassware was washed in hot laboratory detergent, dried, and

rinsed in sequence with reagent grade acetone and methylene chloride 
sol-

vents dispensed from previously cleaned Teflon wash bottles. Teflon and

metal foil sheeting and metal implements were also rinsed sequentially with

acetone and methylene chloride before use. Highest purity reagents such as

hydrochloric acid, anhydrous sodium sulfate, coarse sand, sodium hydroxide,

silica gel, and glass wool were extracted with methylene chloride 
before use.

Solvents employed in this study were the highest purity obtainable 
from

Burdick and Jackson Laboratories, Inc., or Mallinckrodt Chemical Works.

They were employed without further purification because they gave no meas-

urable residues in procedural blank analyses. Other items are listed as

follows:

Teflon wash bottles, 500 ml

Laboratory scalpels
Homogenizer - Tekmar Tissumizer No. SDT-182EN or Virtis Model 23

Test tube racks - A. H. Thomas Co., Cat. No. 9266-N32

Centrifuge tubes, 40 ml, with screw caps - Corning Glass Works,

Cat. No. 8122
Teflon cap liners - A. H. Thomas Co., Cat. No. 2390H

Centrifuge - International Equipment Company, Model C5

Glass bottles, 1 oz. with screw caps and Teflon liners

Concentrator tubes, 25 ml - Kontes Glass Co., No. K570050,

size 2525
Reflux columns - Kontes Glass Co., Cat. No. K569251

Ebullators (boiling tubes) - Kontes Glass Co., Cat. No. K569351,

or VWR 1 mm glass tubes, VWR Cat. No. 32829-020 (cut to ca.

2.5 cm length and flame sealed at one end in laboratory)

Tube heater, 6-tube - Kontes Glass Co., Cat. No. K720003

Tube heater control unit - Kontes Glass Co., Cat. No. 720001

Adsorption chromatography columns - Kontes Glass Co., Cat.

No. 42028
Glass (Pyrex) wool - Corning Glass Works, No. 3950

Silica gel, 100-200 mesh - MCB Cat. No. SX0144-06

Copper, fine granular - Mallinckrodt, Cat. No. 4649

Sand, coarse, reagent grade

GC sample vials - Hewlett-Packard, Cat. No. 5080-8712

* Reference to a company or product does not imply endorsement by the 
U. S.

Department of Commerce to the exclusion of others that may be suitable.
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GC Teflon lined vial caps - Hewlett-Packard Cat. No. 5080-8703
Vial capper - Hewlett-Packard Cat. No. 871-0979
Dish, aluminum, utility, 57 mm diameter
Ether peroxide test paper - EM Laboratories, Inc., Cat. No. 10061-9G
Sediment extraction glass bottle, 1 liter - Scientific Products
Cat. No. B 7573-IL

Ball mill tumbler - Model 8-RA, Scott-Murray, 8511 Roosevelt Way NE,
Seattle WA 98115

Automatic gas chromatograph - Hewlett-Packard Model 5840, dual FID
Automatic GC sampler - Hewlett-Packard Model 7671A
GC columns, 30 m L x 0.25 mm ID, wall coated, glass

capillary (SE-30) - J & W Scientific, P. 0. Box 216,
Orangevale CA 95662

Gas Chromatograph/Mass Spectrometer and Data System, Dual EI/CI -
Finnegan, Model 3200

Dry Weight Determination

Sediment. Thaw sediment and remove pebbles by spatula or sieve. Thor-
oughly mix by spatula. Add 10-20 g of the sediment to a tared aluminum dish.
Weigh and record the weight of dish and sample. Cover the dish and sample
loosely with aluminum foil. Dry the sample in an oven at 120°C for 24 hr,
then remove and cool for 30 min in a dessicator. Reweigh and record dried
weight. Calculate percent dry weight as:

weight (final) - weight (tare)
weight (initial) - weight (tare)

Tissue. Place ca. 3 g clean coarse sand and a glass spatula in an alu-
minum dish and dry overnight in a 120°C oven. Cool the dish in a dessicator
for 30 min. Weigh and record as tare weight.

Weigh into the dish, to the nearest mg, 0.5 g of sample. Using the spatula,
mix the sample thoroughly with the sand, taking care to avoid loss of sand
granules. Dry the sample in a 1200C oven for 24 hr, then remove and cool in
a dessicator for 30 min. Reweigh and record the dried weight. Calculate
percent dry weight as:

weight (final) - weight (tare) x 100
weight (initial) - weight (tare)
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Silica Gel Chromatography

Column Preparation. Prepare columns immediately prior to use. Fill a

column to the flare in the reservoir with methylene 
chloride. Push a 0.5 cm

glass-wool plug to the bottom of the column with a glass rod. Measure 15 ml

(7 g) of 100-200 mesh silica gel (activated at 
1500 C for 24 hr, then cooled

in a dessicator) into a 25 ml graduated cylinder and transfer to 
a 250 ml

erlenmeyer flask. Add 25 ml of methylene chloride and swirl vigorously 
to

make a slurry. Place a long-stem funnel into the column such that 
the tip

rests off-center on the bottom of the reservoir just 
below the surface of

the methylene chloride.

Quickly pour the slurry into the funnel and wash the residual slurry into

the funnel with methylene chloride from a Teflon 
wash bottle. The adsorb-

ent particles should quickly settle to the bottom 
of the column with little

turbulence at the settling front. When the settling front extends upward

about 1 cm from the glass-wool plug, slowly open the stopcock 
to a flow of

1-2 drops per second. Collect the eluate in an erlenmeyer flask to minimize

solvent vapor escape. Swirl the column reservoir gently to wash the parti-

cles into the column. When the settling front reaches the top of the 
sus-

pended particles, open the stopcock all the way 
to complete the settling.

Add about a 1 cm layer of clean sand through 
a funnel to the top of the gel,

followed by an equal amount of anhydrous sodium 
sulfate.

When the methlene chloride surface is just 
above the top of the column, add

a ml of petroleum ether with a Pasteur pipet 
and allow to drain. When the

liquid level again almost reaches the column top, add 40 ml of petroleum

ether and continue to elute. Close the stopcock when the solvent meniscus

almost reaches the top of the column. Discard the rinse elutes. Cover the

column with aluminum foil until use.

Sample Chromatography. The sample extract should be in 1-2 ml of 
hexane

in the concentrator tube. Crush the ebullator with a glass rod and rinse

the rod with a small amount of petroleum ether. 
Carefully transfer the

extract solution with a Pasteur pipet to the 
top of the column and elute.

Never allow the liquid meniscus to go below the upper surface since air will

be entrapped, which will disrupt the column. 
Rinse the concentrator tube

with 0.5 ml of petroleum ether and add to 
the column. Open the stopcock and

collect the eluate in a clean 25 ml concentrator 
tube. When the meniscus

just reaches the column top, carefully add 15 
ml of petroleum ether. Care

must be exercised not to disturb the upper surface of the column during 
each

addition. When the meniscus again just reaches the sand, 
add 3 ml of 20%

(V/V) methylene chloride in petroleum ether. Elute solvent at 2-4 ml/min to

separate the saturated from the unsaturated hydrocarbons. 
When 18 ml has

eluted into the concentrator tube receiver, 
replace it with a second tube.

This 18 ml eluate, referred to as fraction 
1, contains the saturated
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hydrocarbons. As the meniscus again just reaches the top, add 25 ml of 40%
(V/V) methylene chloride in petroleum ether. This eluate, fraction 2, will
contain the unsaturated and aromatic hydrocarbons. A transparent extract,
when applied to the column, will elute in less than 30 minutes.

Sediment Desulfurization. Silica gel fractions of sediment extract are
treated with activated, fine granular copper to remove elemental sulfur.
Prior to use, activate the copper with concentrated hydrochloric acid (HC1).
Rinse the activated copper five times with acetone to remove the HC1 and
then five times with petroleum ether to remove the acetone. Activated cop-
per should be prepared fresh daily and stored under petroleum ether until
used. Activated copper should not be washed with water or heated. To remove
elemental sulfur from the sample, place the eluate (not more than 1 ml in
volume) in a 40 ml conical centrifuge tube and add about 0.5 ml of activated
copper. Stir for 2 minutes on a vortex mixer. Centrifuge to settle any
sulfide particles in the mixture. Transfer the sample with a Pasteur pipet
to a clean concentrator tube. Rinse the copper once with 1 ml of petroleum
ether and combine the rinse with the eluate sample. Reconcentrate the sample
to a 0.5 ml and continue to microgravimetry and GC analysis.

Microgravimetric Determinations

The first and second silica gel fractions are weighed on a Cahn microbalance.
In an efficient hood, transfer 25 µl from a known volume of eluate (or ex-
tract) onto the balance pan and allow the solvent to evaporate. Record the
weight and normalize the value to µg/g dry weight of sample.

Gas Chromatography (GC)

GC Sample Preparation. Attach the reflux column to the concentrator
tube containing the eluate from silica gel chromatography. Evaporate the
solvent in the heater block as previously described. After concentrating to
0.5 ml, remove from heat. Add 1.0 ml of internal standard solution (4 ng/ul
hexamethylbenzene in carbon disulfide) and concentrate to 0.5 ml. If neces-
sary, adjust final volume to 0.5 ml with carbon disulfide. Transfer the sam-
ples to the GC vials and crimp on the Teflon-lined septum caps. Replace the
cap each time it is pierced by a syringe to avoid evaporative losses.

GC Apparatus and Modifications. GC analysis is performed on a micropro-
cessor-controlled gas chromatograph (Hewlett-Packard model 5840A) equipped
with: an automatic sample injector (model 7671A); a wall-coated, open tubular
(WCOT) glass capillary column (20-30 m length, 0.25 mm inside diameter); and
a hydrogen flame-ionization detector (FID).

The GC sample injection port is modified to split the carrier gas as shown in
Figure 1. Inlet carrier gas (helium) pressure is adjusted to provide 2 ml/
min flow through the column at 60°C, as determined on a bubble flow-meter.
By adjusting the needle valve to allow 20 ml/min bypass flow, a split ratio
of 10:1 is obtained. Although 90% of the injected sample is sacrificed, the
inlet system is rapidly purged of injected solvent and sample. This
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maintains sharp solvent and sample peaks. This inlet system (Fig. 1) fea-

tures low dead volume and a glass inlet liner that is readily removable for

cleaning. The inlet end of the glass capillary column must be positioned

inside the glass liner near the location of the inserted sampling needle tip

to gain best sample transfer to the column with the least GC peak broaden-

ing. A charcoal trap absorbs compounds from the vented split stream which

avoids contaminating the needle valve.

Because of the low, carrier gas flow through capillary GC columns, it is

necessary to add make-up gas at the FID (Fig. 1). The flame jet has been

flared to allow the GC column outlet end to be inserted about 2 cm into the

jet. This effectively eliminates any potential dead volume effects with the

make-up gas (30 ml/min) plus hydrogen (24 ml/min) rapidly sweeping eluted

compounds directly into the flame.

GC Sample Analysis. Analysis is carried out according to conditions

listed in Table 1. GC samples in crimp-sealed, septum-capped vials are

loaded into the automatic sampler. Then the desired operating conditions

(Table 1) are programmed into the microprocessor memory. A sample volume of

2 µl are injected per analysis with the column temperature held at 60°C.

After 10 min, the column temperature is programmed at 2° or 4°C/min to 250°C

and held for 30 minutes. Depending on the program rate, the compounds of

interest are eluted in 1½ to 2½ hours. Separated compounds are detected by

the FID as they emerge from the GC column. The gas chromatogram is con-

structed by the microprocessor, which prints compound retention times along-

side each peak.

Peak areas are automatically computed using "valley to valley" mode base-

line correction. Areas are printed in tabular form at the end of the GC run

according to retention times. The quantities of compounds represented by

the peak areas are also computed automatically by ratio of the individual

peak areas to the area of the known amount of internal standard peak. If

reference samples are available for compounds of interest, relative response

factors for these compounds with respect to the internal standard should be

determined experimentally under identical conditions.

Gas Chromatography/Mass Spectrometry (GC/MS). The identity and relative

abundance of compounds detected and measured by GC are periodically confirmed

by GC/MS analysis. A capillary column similar to that used in GC analysis is

employed in conjunction with a Grob sample inlet system. Effluent from the

GC column is fed directly into ion source. Table 2 lists analysis conditions.

A sample of 1-2 µl is injected into the GC/MS while the ion source filament

and electron multiplier voltage are turned off. Passage of the solvent peak

from GC to MS is noted on the instrument high vacuum gage as a transient rise

and fall in pressure. After this, the source filament and multiplier voltage

are restored to normal settings and data acquisition by the computers is ini-

tiated for mass scans every 2 sec. The GC column is subjected to virtually

the same analytical parameters for the GC/MS confirmation run as in the GC

detection and measurement run. At the end of the run, the chromatogram is

reconstructed (RGC) from the total ion current of each individual scan.

Specific ion chromatograms featuring ion abundancies of ions characteristic of

a particular molecular configuration may also be produced. Primarily,
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Table A-1

Gas Chromatography Conditions
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compounds shown to be present in the GC/MS chromatogram are identified by com-
paring their mass spectrum (background subtracted) with standard reference
tables of mass spectra or laboratory spectra of reference compounds.

Table A-2

GC/MS Analysis Parameters
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Archival of Voucher Specimens of Biological Materials
Collected Under OCSEAP Support

I. Summary of Objectives, Conclusions and Implications:

The baseline data collected for the fauna and flora in the OCSEAP study
area is based on extensive biological collections made by many separate
research units. OCSEAP has established the California Academy of Sciences as
a central repository for representative specimens from these collections.
This will ensure that materials are permanently available for reference and
for confirmation and upgrading of identifications made by research units.
This project was initiated on 1 lay 1978, and the contract awarded on 24 fay
1978.

During the first 2 months of the project the voucher policy was prepared.
In September 1978, the voucher specimen policy was approved and distributed
by the Project Office to principal investigators of all research units.
Copies are on file in the Project Office.

This document specifies the voucher policy, its applications,
preservation procedures, labeling instructions, and information on shipment of
specimens to the repository. Voucher specimen labels, prepared to meet NOAA's
data needs, were printed on special label paper and distributed to principal
investigators by November 1978.

The project processing and storage room was completed with non-BLM/NOAA
funds in December 1978, with the addition of work counters, a sink, and
$7,500 of metal shelving. Purchase of materials and supplies was completed
during the second quarter. An IBM System 6 unit for electronically processing
the data on voucher specimens was operational in the second quarter.

The first voucher specimens were received during the January-March
quarter.

II. Introduction

A. General Nature and Scope of Study:

As outlined above, a voucher specimen repository was established so that
extensive biological collections made by OCSEAP would be documented with
voucher samples. A rather specific voucher policy was needed such that the
quality and integrity of the biological data taken would be maximized. The
fauna (or parts of it) are poorly known for the area under study. Field
identifications need to be made by knowledgeable people, and by reference to
actual voucher or reference specimens that can be saved and forwarded to the
central repository. The essential point is that the voucher specimen be of the
same species as the other specimens analyzed and discarded, even if the state
of systematic knowledge pennits only partial identification. If the field
identifications are faulty then the usefulness of the data is much reduced.
Upgrading identifications and changing scientific names as nomenclature
improves will, through the years, increase the usefulness of the data in the
NODC.
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The California Academy of Sciences has had extensive experience as a
repository of voucher specimens from the scientific community and from
Federal, State, and some private agencies. The Academy collections are
world-wide in composition, with especially strong representation of the flora
and fauna of western North America, including Alaska. The Academy was
selected as the voucher specimen repository and charged with the specific
tasks outlined below.

Principal investigators will deposit representative voucher specimens
with the Academy. All of the data will be coded on an IBM System 6/452
Information Processor and sent to NODC. The specimens will be maintained as a
separate collection for a period of 5 years, marked distinctly, and then
integrated into the main collections of the Academy.

B. Specific Objectives:

The California Academy of Sciences is responsible for:

1. Specifying preservation techniques for archival voucher specimens.

2. Coordinating the shipment of materials.

3. Establishing and maintaining a fully catalogued repository for the
collections; and

4. Providing quarterly data summaries on the status and content of the
collections.

C. Relevance to Problems of Petroleum Development:

Management decisions and monitoring that may be necessary to protect the
OCS marine environment from damage during petroleum development are based on
the accumulation of a data base. The permanent voucher specimen collection
and policy, including the identification policy for field personnel, are aimed
at increasing the reliability of the data collected. The voucher specimens
are permanently available for reference and for confirmation and upgrading of
identifications made by field personnel during the data gathering phase.

III. Current State of Knowledge:

The fauna of Alaska, while similar to that of other parts of the North
Pacific, is not very well known. Identifications of certain groups of
organisms is difficult because of a lack of adequate literature or prior
studies. The utilization of the identification and voucher policy will
increase the reliability and usefulness of the biological baseline data
collected by OCSEAP.

IV. Study Area:

Voucher specimens will be received from studies conducted throughout the
OCSEAP study area.
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V. Sources, Methods and Rationale of Data Collection:

All specimens will be provided by the individual project principal
investigators. Standard curation techniques will be used to process the
incoming materials, allowing for the variability of the specimens received.
Once each voucher specimen shipment is processed, the specimen data infor-
mation will be electronically processed and transferred to NODC and the
principal investigators.

VI. Results:

The final voucher specimen policy was submitted and approved. Specimen
labels to be completed by project principal investigators were printed and
3000 of them forwarded to the Juneau Project Office on 30 October. On 6-7
November, the Project Office sent a covering letter of instruction, a copy of
the final voucher policy, and specimen labels to research units associated
with the Bering Sea-Gulf of Alaska Project Office. On 21 November similar
information was sent to those principal investigators involved in current and
terminated projects administered through the Arctic Project Office.

The project workroom/laboratory and storage area was completed during the
quarter with the addition of counters and a sink. This and the approximately
$7,500 of metal shelving was provided from non-BLM/NOAA funds.

At the end of 1978, all steps had been completed so that the voucher
specimen program was fully operational.

On 14 November, Dr. McCain (RU 73) was the first principal investigator
to inform the repository that his unit was ready to send specimens. Shipping
containers, packing materials, and instructions were sent to him by us.

On 16 March 1979, Dr. Blackburn sent voucher specimens of fish for RU
numbers 486, 512, 552. These have been accessioned (CAS Acc.#1979-III:16) and
transferred to 75% ethanol. On 19 March 1979, Dr. Larrance (RU 425) sent the
first shipment of phytoplankton under the revised phytoplankton policy. Each
lot of phytoplankton consisted of a representative station sample with an
accompanying species list. The samples were accessioned (CAS Acc.#1979-III:19B)
and will be maintained in 3% buffered formalin.

VII. Discussion:

The problem of how to provide voucher specimens of phytoplankton was
elicited by Dr. Horner (RU 353). It was established by the Data Manager,
Horner, and the repository that since actual specimens could not be isolated
because of the large numbers of samples involved and because of technical
problems of specimen isolation and preservation, a subsample or the
remaining plankton sample, accompanied by a species list for the sample, would
serve very well as a voucher for the species encountered, identified, and
counted in the subsamples analyzed.

The University of Alaska raised questions of compliance with the voucher
policy for projects well underway or completed previously. Their cost
estimates for each research unit to assemble a voucher series were high. It
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is of our opinion that much of the expense involves the completion of rather
detailed voucher specimen labels. We propose that since the specimens
probably already have some datawith them (cruise, station, identification)
and if the remaining data (cruise report data, etc.) can be provided in text
form, we will prepare the specimen labels. They would need funds for personnel
to select the voucher specimens and for packing the specimens.

Because of a lack of specimens to process, the full-time curatorial
assistant was temporarily terminated on 19 December and employed by another
Academy department to conserve project funds. She returned to the project
1 April on a halftime basis until sufficient material arrives to require
full-time employment.

VIII. Conclusions:

Problems of selecting voucher specimens for phytoplankton and completing
voucher specimen labels for previously completed projects have been solved.
Project funds have been conserved due to delays in receipt of specimens.
Specimens are now being sent by investigators, and we anticipate no problems
in meeting the task objectives.

IX. Needs for Further Study:

The voucher specimen policy and field identification procedures should be
continued through the OCSEAP data gathering phase.

X. Summary of January-March Quarter:

A. Laboratory Activities:

Two shipments of voucher specimens were received in March. The first
shipment was received from Dr. Blackburn (RU 486, 512, 552) from the Alaska
Department of Fish and Game. The shipment consisted of 90 lots and 109
specimens, representing approximately 90 species of fishes. The specimens
were accessioned (CAS Acc.#1979-III:16) and transferred to 75% ethanol.

The second shipment was received from Dr. Larrance (RU 425) of the
Pacific Marine Environmental Laboratory. This shipment consisted of 36
lots of phytoplankton, with each lot representing a separate station with an
accompanying species list. The samples were accessioned (CAS Acc.#1979-III:19B)
and will be maintained in 3% buffered formalin.

1. Ship or Field Trip Schedule: Not applicable

2. Scientific Party:

Dr. William N. Eschmeyer, Chairman and Curator, Department of
Ichthyology. Principal Investigator.

Mr. Dustin Chivers, Senior Scientific Assistant, Department of
Invertebrate Zoology. Invertebrate
Coordinator.

Ms. Susan Gray Marelli, Collection Manager.

Other Academy curators as needed.
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3. Methods:

All of the incoming voucher specimens are curated by the
procedures outlined in the the Voucher Specimen Policy. Final
bottle labels and data capture will be made on an IBM System
6/452 Information Processor.

D. Sample Localities:

Voucher specimens will be received from throughout the OCSEAP
study area.

E. Data Collected or Analyzed:

The first two shipments of voucher specimens were received
late in the quarter and processing has begun.

XI. Auxiliary Material: Not applicable at this time.

* U. S. GOVERNMENT PRINTING OFFICE 1979 - 677-096/1214 Reg. 8
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