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' ~·-·'"'' 
Research Unit #87 ~·· . 

Work Statement for the Alaskan Marine Environmental Assessment Program, 
Bureau of Land Management and National Oceanic and Atmospheric Administration, 

18 April 1975 

L TITLE: The interaction of oil with sea ice in the Beaufort Sea 

II. PRINCIPAL INVESTIGATOR: Seelye Martin 
Research Associate Professor 
Department of Oceanography WB-10 
University of Washington 
Seattle, Washington 98195 
(206) 543-6438 
(206) LA 3-2863 (home) 

Ill. GEOGRAPHICAL AREA. AND INCLUSIVE DATES: Beaufort Sea, 1 July 1975 -
30 September 1976 · •., 

IV. COST SUMMARY: 

FY 1975 FY 1976 
through June 30, 1975 .. July 1, 1975 - Sept. 30, 1976 

$0.00 $42,590.00 

V. PROPOSED RESEARCH: 

A. Background and Objectives 

We propose a two part study on the absorption and spread of oil by 
sea ice in the shear zone north of Alaska.··· This study directly relates 
to task B-14, "the development of means to predict possible interactions· 
bet~n i"Ce'"and oil," and indirectly relates to task B-12, "the descrip-
tion of,. pack ice motions in the shear zone." - · 

The proposed study consists of the following elements: 
(1) a laboratory experiment on the growth of frazil' ice in a wind and 
wave field and on oil absorption by this ice; (2) a cooperative field 
study, our part of which is a coring program with Knut Aagaard on 

: the"smaJ..l proper.ties of sea, ice wiothin the shear zone. The data from 
these two studies will be combined with remote sensing and ice movement 
data to estimate how an oil spill will both spread and be absorbed within 
the shear zone. 

This proposal relates directly to the Canadian Beaufort Sea Project 
(BSP) •. part of which is an experimental field study of the effects on 
columnar sea ice of a series of controlled oil spills. At the present 
time, I am participating with the Canadians in both t~e field work and 
data analysis of this experiment, which will be complete by 30 September 
1975. The BSP experiments are only concerned about oil absorption by 
columnar sea ice, which is sea ice with a vertical crystal orientation. In 
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contrast, field observations in the open ocean such as Ramseier's 
(R.O. Ramseier et at., "Mesoscale description for the ptincipal Bering 
Sea Experiment," paper number 2 of the U.S. ResuLts of the Bering Sea 
Experiment, June, 1974, Goddard Space Flight Center, Greenbelt, Maryland) 
show from a systematic ice coring program that during the Bering Sea 
Experiment (BESEl) that 10 to 30% of the ice ~n the Bering Sea is 
frazil ice, which has a horizontal platelet structure. 

At the present time, there have been no laboratory or field studies 
on oil entrainment by frazil ice; further, the details of the ice 
consistency in the Alaskan shear zone, namely the relative amounts of 
frazil, columnar, rafted, or pressure-ridged ice are not known. To 
address these questions, our proposal consists of a laboratory study of 
the kinds of ice within the Alaskan shear zone. Our proposed laboratory 
study will complement the BSP stupy by showing how frazil ice absorbs 
oil, and the field study will allow us to estimate the relative amounts 
of frazil and columnar ice in·the Alaskan shear zone. From these 
parameters, we.should be able to estimate roughly how an oil spill 
would spread. and be absorbed within the shear zone. As presently 
planned, ·our results will be:available in report form·by JO_Septemper 1976. 

B. Methods 

1. The Laboratory Program: 

Using our existing cold rooms, the largest of which measures 
6 m in length by 3 m in. width,·· we will build a wind-wave facility 
for the study of ice growtli.in a-wind and wave field. We already 
possess a wave generator from an earlier experiment, the wind source 
will be a simple fan;'and the tank·will.be·constructed from plywood 
and Plexiglas, so that we will be able to·observe the ice growth 
from both the top and_ sides.--· __ 

Within· this apparatus we will do several experiments on sea ice 
growth in both a wave field and a wind-plus-wave field with the 
purpose of observing the growth of grease and hopefully pancake ice. 
Having observed the ice growth in un-oiled sea water, we will next 
run two additional experiments, one ·studying the absorption of oil 
by grease ice, the other studying the absorption of oil by a field 
of pancake ice. The results of this experiment will permit us to 
estimate the extent of an oil spill under grease and pa~cake ice. 
Then given both our own and other field observations on the relative 
nmount of. frazil nnd columnar ice within the shear zone, we can 
estimate the ~xtent of a hypothetical spill. 

2. The Field Program: 

In order to obtain information about the kinds of ice in the 
"shear zone north of Alaska, the author will cooperate with Knut 
Aagaard in his proposal "STD measurements of the Beaufort Sea Shelf." 
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This experiment involves 3 eight day helicopter traverses over the 
ice in three straight line segments at 142°W, 147°W, and 153°W 
respectively, of 100 km lengths during October-November 1975, 
February-March 1976, and May 1976. There will be eight stations 
occupied on each traverse, at space intervals of approximately 
12 kilometers and at a rate of 3 per day. 

Our experiment, which involves two people, has the following 
field procedure, based on Ramseier's BESEX observations. Once we 
select a landing site for the helicopter, we will photograph the 
site from the air for later comparison with remote sensing data. 
Then, on the ice, we will carry out the following program. 

First, we will pull an ice core from the ice floe and measure 
its length. To determine the temperature profile within the ice, 
we will immediately drill several small holes at intervals 
along the- co.re. We then will record the temperature by inserting 
a fast·response silicone-coated thermister into 'the holes, and reading 
the resultant-signal on·a digital multimeter. · 

Second, the salinity and crystal ·structure of the ice determine 
the way in which oil will be absorbed by the ice. The salinity 
in combination with the temperature gives the brine volume, or the 
amount of liquid content; and the brine entrained within the ice. 
core during the fall also determines the ice porosity during the 
spring-summer melt. To measure the salinity profile of an ice 
core, we will pull an additional core, then immediately cut the 
core up into 2-4 em sections,using a wooden jig to hold the core 
and a handsaw .- We will then package the sections into-individual 
numbered plastic bags for shipment back-·to camp. 

Third, to determine the crystal structure-of the ice, we will 
use our jig to cut a-- second core ·into a longitudinal -section with 
a thickness of 2 em. We will then polish the resulting core anJ 
both sketch the crystal structure and photograph the core against 
a black velvet background. We will also do both a rubbing and a 
photograph of the bottom of the core. Finally, if the experiment is 
carried out simultaneously with remote-sensing flights, we will 
remove the upper part of an ice core for subsequent analysis of 
air volume. -

At the field camp, we will allow the packaged salinity samples 
to melt; then with an optical refractometer we will measure the 
individual sample salinities. We will also check the ice samples 
for any evidence of algae growth. To simplify our transport problems, 
we plan to do all of our water and ice sample analysis in the field 
camps. 

Upon our return to Seattle, we will analyze the data to 
determine the brine volume, crystal structure, and occurrence of 
rafting for each core as a function of position within the shear zone. 
After completion of both the field and laboratory studies, we will 
combine our data with that of the BSP and any remote sensing observations 
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to estimate how an oil spill would spread within the shear zone 
.at the times of year of the field traverses. 

VI. INFORMATION PRODUCTS: 

The data gathered by our observations, experiments and analysis 
will be available as technical reports. 

VII. DATA OR SAMPLE EXCHANGE INTERFACES: 

VIII. 

To estimate the spread of oil within the shear zone, we need the 
remote sensing data on the motion of the Alaskan shear zone by no later 
than 1 August 1976. 

Preliminary field reports on our coring data will be available 
within 90 days of acquisition. Our laboratory results will be available 
in report form- on. 30 September 1976. Our estimates on the possible 

. interaction of. oil with the ice in the shear zone will be available in 
report -form by 30 September 1976. 

SAMPLE ARCHIVAL REQUIREMENTS: None.· --

IX. SCHEDULE: 

X: 

1 October 1975: 

1 December 1975: 

1 March 1976: 

1 April 1976: 

1 June 1976: 

20 June 1976: 

1 July 1976: 

1 September 1976: 

30 September 1976: 

EQUIPMENT REQUIREMENTS: 

Laboratory apparatus constructed. 

First field experiment completed. 

Field report on our first field experiment submitted. 

Second field experiment completed. 

Laboratory studies completed. 

Third field experiment completed. 

Field report on second field experiment submitted. 

Field report on third field experiment submitted. 

Report on laboratory studies submitted; 
Teport on how oil and ice might interact within 
the shear zone during the periods covered by the 
three field studies submitted. 

Our equipment consists of a corer, a digital thermometer, an 
optical refractometer, a density balance, and our cameras plus assorted 
small tools. This equipment will be either shipped or hand carried to 
Point Barrow, Alaska for deployment. 
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XI: LOGISTIC REQUIRgMENTS:, 

A. Logistics arranged by the University of Washington: flights and 
shipping to and from point Barrow, Alaska 

B. Logistics arranged by BLM/NOAA: 

1. Transportation: 

We will share helicopter space with Knut Aagaard in his ELM/ 
NOAA proposal "STD measurements." The experiments involve 3 
helicopter traverses for eight days of field time each during 
October-November 1975, February-March 1976, and May 1976. Our 
proposal requires two people and about 500 pounds of gear. · 

2. Housing and Board: 

During the time periods described in "Transportation" above, 
we will require housing and board for two people for 15 days. This 
will involve two days· preceding· the helicopter traverses and five 
days following for sample analysis. 

3. Laboratory Space! 

During the time periods described above, we will ueed access 
to one 8' x 10' laboratory space with running water and electricity 
for our water analysis.·: 

4. .Storage: 

Between 1 October 1975 and 20 June 1976, we will need storage 
space for about 400 pounds of gear at Point Barrow. 



~ORK STATEMENT (Research Unit #88) 

I. TITLE: Dynamics of Near-Shore Ice (Near shore radar transponder and 
fast ice studies) 

II. PRINCIPAL INVESTIGATORS: 

Dr. W. F. Weeks (603) 643-3200 Ext. 261 
and A. Kovacs (603) 643-3200 Ext. 211 
USACRREL 
Hanover, NH 03755 

Ill. GEOGRAPHIC AREA AND l:NCLUSTVE DATES: Coastal fast and pack ice wnes 
of the Beaufort Sea; FY 1975 through June 30, 1975 and FY 1976 July 1 
1975 through September 30 1976. 

TV, COST SUMMARY: 

V. PROPOSED RESEARCH: 

FY197S 

$168,002 

A. Background and objectives 

FY1976 

$134,198 

Al. This project will provide fundamental data for the following tasks: -
Primary--A30, Bl2, Bl3, Dll, Dl2, Dl3 
Secondary--A29, A31, B3, B5 

'A2. Very little quantitative information is available on the motion of 
either the fast ice or the near shore pack ice in the Beaufort Sea. 
The information that is available is limited by the range and accuracy 
of the system that was used (U. of Alaska radar studies from Point 
Barrow), the short time period of the observations (CRREL ERTS studies 
in the vicinity of Point Barrow) and the non-typical nature of the re­
search sites (Barrow is an undesirable site for coastal ice work). 
The most comparable data for ncar-shore pack ice motion has been obtained 
on the northeast coast of Hokkaido where the ice conditions are very dif­
ferent, The limited information on the motion of the fast ice along the 
Beaufort Sea coast has been collected for private companies and is not 
available for examin~tion. These fast ice motion studies are also re­
ported to be for only very limited periods of time. 

AJ. The basic experimental goal of this program is to collect detailed 
quantitative information on the movements (rates, directions, accellerations) 
and deformation rates (spatial variations in the icc velocity field) of 
both the ncar shore pack ice and the fast ice along the southern coast 
of the Beaufort Sea. Data will also be collected on the ice deformation 
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features that form near the fast ice-pack ice boundary and presumably 
serve to fix the location of the boundary. Bottom scoring will also 
be examined in these same areas. It is also planned to make observa­
tions on ice growth, brine drainage, and the internal structure of 
both undeformed and deformed sea ice. These data will also serve as 
ground ~ruth for the USGS-CRREL remote sensing program. 

A4. By 30 September 1976 we anticipate that we will have four con­
tinuous months of pack ice motion data collected and partially ana­
lyzed. We also should have fast ice motion data covering a whole ice 
season (one month in the fall and four months in the late winter and 
spring) that has been partially analyzed. In addition, we will have 
started to examine the interrelations between these two time series 
and the local meteorological conditions. We will also have collected 
a variety of information on the local ice characteristics north of 
Prudhoe Bay including general observations.on the types of ridging in 
both 1975 and 1976. 

AS. The related research programs are the data buoy and modeling ef­
forts that have been proposed by AIDJEX and the joint USGS-CRREL 
"Remote Sensing Program for the Arctic Offshore." Considerable co­
ordination between these projects was carried out during the time that 
these programs were being formulated. This is expected to continue in 
the future as we enter into the data collection phase. Coordination 
between the present program and the remote sensing effort has been 
particularly close inasmuch as several CRREL investigators are in­
volved in both programs. The method of coordination will be by informal 
meetings and discussions. 

B. Methods 

Bl. We will not need to make use of archived data with the exception of 
the gridded atmospheric pressure information that is available from the 
NWS and the LANDSAT, U-2 and Convair 990 imagery that will be available 
from NASA. The data collected by the USGS-CRREL remote sensing program 
and the AIDJEX data buoy program will presumably be made directly avail­
able to us. Inasmuch as CRREL has done most of the published mesoscale 
ice deformation studies, we obviously already have that data available. 

B2. To make the proposed measurements, two basically different systems 
will be used. The motion of the pack ice will be determined by a pre­
cision tracking radar transponder system will all weather capability and 
1 meter resolution. The anticipated range of the system is 35 km and the 
azimuth and distance to each target with respect to true north will be 
determined automatically at least as often as every three hours and pos­
sibly as often as every five minutes. Because of the drift of the pack 
parallel to the coastline, the transponders will be repositioned by heli­
copter as required. Approximately ten targets will be used at any given 
time. 
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A laser ranging system will be employed to look at the movement 
1md deformation in the shore fast ice within a radius of up to 15 km 
from Cross and Nnrwhnl Islands. The basic approach will be to put 
corner reflectors along lines oriented at approximately 40° angles. 
The repeated measurement of this array will specify strains caused 
by thermal and tidal effects as well as coupling effects between the 
shore fast ice and the pack ice. The laser targets will be measured 
every three hours. Between these spot measurements the lasers will 
be locked on one target and a continuous digital record will be made 
to resolve any high frequency motions of the fast ice. An array of 
markers will also be set out during the fall of 1975 on the fast ice 
south of the islands. This array will be resurveyed in early March 
1976 and at monthly intervals thereafter. This data will allow us 
to monitor the broad-scale motion of the fast ice. 

The observations of ice properties and of ridging and bottom 
scoring will be made at irregular times as ice conditions and the 
press of other work permits. 

The temporal sampling scheme in the strain measurements is based 
on our previous experience with such observations. Our main concern 
is the range limitations of our radar system caused by the curvature 
of the earth. We will, of course, attempt to minimize this problem 
by using very high (>30m) radar towers located on the coastal islands, 
Measures of sampling variance will be obtained by replicate readings 
on a transponder located on a nearby island, Previous programs we 
have used for the analysis of such data include variance transformation 
from measurement errors to strain rates and velocity estimates using 
maximum likelihood methods. 

B3. Not applicable. 

B4. An analysis of the observed pack ice motions will allow comparisons 
to be made between these results and the predictions of a variety of 
different theoretical ice drift models. Here particular attention will 
be paid to changes ip the constitutive law parameters that characterize 
the response of the pack versus the distance from the fast ice edge. 
Time series analysis of the data using a number of spectral and filtering 
techniques including maximum entropy will be made to determine coupling 
effects between the shore fast ice and the moving pack and to develop 
predictive schemes for such mo·tions. The analysis will also give a measure 
of periodicities in the motion and deformation records. 

With regard to pack ice modelling we will also attempt to develop a 
predictive model for fast ice motions based on quanititative measures of 
the degree of coupling with the pack ice and the variations in the local 
meteorological conditions. A description of the general analysis scheme 
that will be used for the ice motion studies can be found in Hibler, 
Weeks, Kovacs and Ackley (1974), in Hibler (1974) and in Coon, Maykut, 
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Rothrock, and Thorndike (1974). Other useful information on observed 
variations in ice drift characteristics as a function of distance from 
shore can be found in llibl~r, Ackley, Crowder, McKim and Anderson (1974). 

Descriptions of the general techniques that will be used in the 
pressure ridge,ice property and ice scoring investigations can be found 
in Weeks and Assur (1968, 1972) Weeks, Kovacs, and Hibler (1971) Kovacs 
(1972) and Kovacs and Mellor (1974). 

VI. INFORMATION PRODUCTS 

The prime data produced by this project will be the coordinates of the 
radar transponder and the laser ranging targets with time. This can be pro­
vided to NOAA in n magnetic tape format. Other data. on ice properties will 
be provided as a data tabulation. The main results and interpretations 
o~ i·J:r·:~C> in,rc·stigat::ions will be published as a series of reports in appropriate 
technical journals and supplied to NOAA/Bd·1. 

VII. DATA OR S#IPLE EXCHANGE INTERFACES 

We will require SLAR, IR and laser profilometry that will be collected 
by the USGS-CRREL remote sensing program and LANDSAT imagery that will be 
obtained by NASA. This data will, hopefully, be available in a "raw" un­
analyzed form within one month of the time of data collection. We also will 
require the atmospheric pressure, wind, temperature and location information 
collected by the AIDJEX data buoy program within the same general time frame. 

VIII. SAMPLE ARCHIVAL REQUIREMENTS 

There are no significant requirements in this area. 

IX•. SCHEDULE 

(a) April 1975--Make preliminary visit to vicinity of Cross Island for 
purposes of examining its suitability as a research site. Results of this 
trip suggest that Narwhal Island should be used as the main camp site with a 
second tower placed upon Cross Island. During this visit the general morphology 
of the ridged ice north of Cross Island was examined, the water depth at the edge 
of the outer grounded shear ridge was determined to be 20 meters and observations 
were made of a large grounded multiyear pressure ridge resting in 14 meters of 
water. A visit was also 1nade to a grounded flocberg located roughly 160 km NNW 
of Barrow to examine its potential as a research site. 

(b) September 1975--The camp will be installed on Narwhal Island, the 
large radar tm.;ers will be erected, and the radar system will be run through 
a series of preliminary field checks. In addition, a series of ice motion 
points will be laid out by laser triangulation on the fast icc south of the 
islands; it will probably be too dangerous to lay out markers on the ice north 
of the islands. 
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(c) October 1975--The radar transponder system will be operated for 
one month on the AIDJEX drift station Big Bear. Inasmuch as Big Bear drifts 
with the ice surrounding it, the dangerous problem of continually retreiving 
and moving the transponders in the shear zone in the dark will be avoided. 
This test will allow us to investigate the operation of our system under peri­
ods of long cold-soaking and also to obtain valuable data on floe-floe inter­
actions which will assist in our later analysis of the near-shore data. 

(d) March 1976-June 1~76--The radar transponder array will be operated 
from Narwhal and Cross Islands, the fast ice motion studies will be made, 
and observations of ice growth and ice properties will be undertaken. 

(e) July-August 1976--Data analysis will proceed and report writing will 
continue. 

The radar transponder data will initially be available on standard ASC II 
paper tape. The final ice deformation data that is calculated from the trans­
ponder information will be on 7 track magnetic tape in BCD format. All time 
references will be in Julia~ hours. The data will be brought ba4k to CRREL 
monthly with the rotation of personnel and it will be edited and examined 
within two months. 

The most important interface between our program and other OCS observations 
will be with the USGS-CRREL remote sensing program. It is presumed that this 
exchange of information will proceed directly on a project to project basis 
inasmuch as the contacts between these projects are obviously excellent. 

X. EQUIPMENT REQUIREMENTS 

The principal item of special equipment that is required for the above 
program is a radar ranging system that has been developed by Del Norte Elec­
tronics. This system is currently on order with delivery anticipated in June. 

XI. LOGISTICS REQUIREMENTS 

The following logistics sup~ort will be required from NOAA and is not 
included in the present budget: 

1. Helicopter support* 

a. April 1975--Cross Island, 10 hours 
b. September 1975--Cross and Narwhal Islands, 20 hours 
c. March-June 1976--Cross and Narwhal Islands, 80 hours 
[We would prefer to charter commercial helicopters based at the 
Prudhoe/Deadhorse airports.] 

2. Operational staging area at Point Mcintyre open in September 1975 
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and March-June 1976. 

*(If it is decided not to open Point Mcintyre but to base out of 
Prudhoe Bay instead, we will need more helicopter time--5 additional 
hours in September 1975 and 25 additional hours during March-June 1976). 

3. Equipment storage and ground transportation (truck) available in 
the Prudhoe Bay area during August-September 1975 and March-June 1976. 

4. Establishment of a 4-man camp on Narwhal (or possibly Cross Island). 
The camp should be at Prudhoe (or Pt. Mcintyre) by 1 September 1975 
ready for helicopter airlift to the islands. The camp should include 
three buildings (sleeping quarters, instrument hut, generator-tool 
storage hut), four beds, three tables, six chairs, four mattresses, 
propane cook stove and cooking gear, fuel to operate camp and food. 
Four barrels of mogas will also be needed to operate the vehicles at 
the camp. 

5. Propane to operatethe thermoelectric cells (1000 lbs/month for five 
months). This should also be ready for transport to Cross Island in 
September. 
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WORK STATEMENT RESEARCH UNIT #89 

I. TITLE: A Remote Sensing Program for the Arctic Offshore 

II. PRINCIPAL INVESTIGATORS: 

and 

Dr. W.J. Campbell 
Ice Dynamics Project 
US Geological Survey 
113 Thompson Hall 
University of Puget Sound 
Tacoma, Washington 98416 
(206) 593-6517 

Dr. W.F. Weeks 
USA CRREL 
Hanover, New Hampshire 03755 
(603) 643-3200, ext. 261 

III. GEOGRAPHIC AREA AND INCLUSIVE DATES: Beaufort and Northern Bering 
Seas; FY 1975- through June 30, 1975 and FY 1976 July 1, 1975-
September 30, 1976 

IV. COST SUMI1ARY: FY 1975 - $25,000 
FY 1976 - $263,500 

V. PROPOSED RESEARCH: 

A. Background and objectives 

A.l. The following ~s are ones for which this project will 

provide fundamental data: 

A-29, A-30, B-11, B-12, B-13, 8-14, 0-4, D-12 

The elements which are of primary interest to this project are: 

A-29, A-30, B-12, B-13 

A.2. Essentially nothing is known about the time-dependent ice 

distribution of sea ice and its dynamics in the shear zone of the 

-Alaskan Arctic offshore. The only data we have is fragmented and 

piecemeal and of very limited range, i.e., a given bay or a given 
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point. 

A.3. The information needed to meet the task objective is to 

acquire photography and imagery of the sea ice in the Alaskan Arctic 

offshore at reasonably fre9uent time intervals over the whole year. 

2 

In other words, what we need is large space-scale coverage at reasonably 

short time-scales. 

A.4. As was clearly stated in all previous documents for this 

project, the sequential large-scale remote sensing of the Alaskan Arctic 

offshore is something that will have to continue for a number of years, 

something in the order of 5-10, before we have an accurate idea of the 

monthly, seasonal, and annual variations of the sea ice dynamics and 

morphology of the region. Within the sop~e of this proposal, therefore, 

we will acquire what can be considered the initial set of data for 

a longer term project. Data collected through.FY~6 wi11 be reported on 

by September 30, 1976, with the full.understanding. that future work 
. ' 

will be necessary to achieve the above given state of knowledge. 

B. Methods 

B.l. Since very little data of the kind we wish to obtain has 

been obtained in the past, we plan essentially no time hunting for 

archived, published, or unpublished materials. The exception to this 

is the satellite coverage of the region which has been collected in some 

detail in the last few years. Other projects are going through this data 

and therefore we see no sense in our duplicating this effort. 

8.2. We must consider the use of the SLAR sensing equipment aboard 

the Mohawk aircraft as the prime aircraft for this study. We have 

modified the SLAR so that it can scan on either side of the aircraft 

Ul1 
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to a range of 100 km, but will have a dead band from nadir out to 10 km 

both left and right. Therefore, it should be possible to image with 

SLAR the entire shear zone from Barter Island to Cape Lisborne at an 

interval of one-two weeks for the entire time of this study. We are 

going to attempt a sampling time of one wee~. but this will probably 

have to be modified for aircraft maintainance, crew availability, etc. 

We fully intend to cover this entire area with SLAR at least once every 

two weeks. 

The use of the infrared scanner, laser profilometer, and cameras 

on board the Cessna 310 will be used for targets-of-opportunity. By 

this we mean that for specific areas, such as Prodhoe Bay and Point 

Barrow, where detailed studies are being carried out on the surface, 

we will perform C£SS~A 310 missions at times of interest. 

The use of both of these aircraft for non-ice studies, such as 

mammals and geology, will be determined in June when the Principal 

Investigators meet with Dr. Gunther Weller to review the requests which 

he has distributed. 

The prime task of analysis is to learn to properly interpret the 

SLAR imagery. Essentially nothing on this had been published, therefore 

we can give no reference. However, we did acquire the first sequential 

SLAR coverage of sea ice during the USGS-CRREL Shear Zone Study of 1974, 

and we feel that further analysis of t~ese data will help us in our 

task. NSF has agreed to ~ick up ice.related data analysis in FY75 and 

perhaps FY76. 

U10 
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VI. INFORMATION PRODUCTS: 

Since this project is basically involved in starting a historic~l 

sample of the ice in the Alaskan Arctic offshore, the prime information 

contents will be SLAR, IR, laser profilometer charts, and photography 

of the region. 

The analysis of some a~ t~e above data will be published in scientific 

journa 1 s and subr-Ji tted in quarterly and annua 1 reports to NO/\A/BUL 

VII. DATA OR SAMPLE EXCHANGE INTERFACES: 

The main data interface is with the NASA CV990 11Galileo II" 

investigation. Within one month following each flight sequence, we 

should have mast of that data in hand, except for the microwave imagery 

which will take approximately three months. To our knowledge, some of 

the products of this project will be required by other investigators 

of the Alaska,,Marine Environment Assessment Program, for example, the 

mammal, geology, and limnology investigations. It is assumed that these 

investigators will acquire the needed data from the Environmental Data 

Service/National Oceanographic Data Center. 

We are not aware of where this Center will be. Discussions with 

various officials of the Office of Polar Programs of NSF lead us to 

conclude that there is a good possibility that an NSF office will be 

established in Seattle for the purpose of overseeing the NSF-funded 

investigations in the Arctic. Since this project is jointly funded by 

NSF, and since both Principal Investigato~s of this project spend 

considerable time in Seattle through their AIDJEX committments, we 

feel that if this Seattle NSF office is established, either the original 

or a copy of all data collected under this project be archived in this 
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office. These data then could also be used by the number of investigators 

at the University of Washington who are involved in research in this 

area, such as AIDJEX, Oceanography, Geophysics. 

VIII. SAMPLE ARCHIVAL REQUIREMENTS: 

None of the data to be presented to the NOAA or NSF data centers will be in 1 

form that requires special storage conditions. However, a substantial 

amount of data will be generated, therefore both centers should make 

allowance for at least one normal-sized room to store these data. 

IX. SCHEDULE: 

Mohawk aircraft - approximately onemission per week to image the 

entire Alaskan Arctic offshore from Barter Island to Cape Lisborne with 

SLAR (with strip chart photography along the center of the track). 

Cessna 310 :ircraft - targets-of-opportunity for infrared and 

photography and laser profilometer data. 

Beaver aircraft - targets-of-opportunity for infrared and photographic 

data. 

The fuel requirements for these aircraft have been submitteJ tentatively 

for approximately 760 flying hours. The scheduling of these flight 

hours will be detailed in late June as stated earlier, and at tha~ time 

allocated by discipline. 

X. EQUIPMENT REQUIREMENTS: 

No special equipment, other than that onthe aircraft, will be 

required for this study. 



6 

XI. LOGISTICS REQUIREMENTS: 

The most important logistics requirement is hangar space for the 

two USGS aircraft - Mdhawk and CESSNA 310. The instrumentation 

on board these aircraft is such that none of them can be kept outside 

for any long periods during cold weather. Dr. Gunther Weller is looking 

into the possibility of leaving these aircraft in the Air Force DEW Line 

hangar. If this does not work out, arrangements will be made to hangar 

them in the NARL hangar. 

A room will have to be made available at Barrow to serve as an 

electronics lab for these aircraft. 

Also another room will have to be made available at Barrow to 

serve as a photo lab. 

Food and lodging for approximately four people over the entire 

length of the project will have to be provided. It should be understood 

that ~t times six people will be in residence and at times two people, 

but four people is the average number. 

The fuel requirements for the aircraft have already been submitted 

to Dr. Weller, and his personnel are acting to ship the fuel there by 

barge. 

Al~~of the above logistics requirements are being arranged by NOAA. 

Ol.B 



WORK STATEMENT (Research Unit /198) l..----·",,,, 

I. TITLE: Dynamics of Near-Shore Sea Ice (Data Buoys) 

II. PRINCIPAL INVESTIGATdR: Norbert Untersteiner, Coordinator AIOJEX Program 
Professor, Atmospheric Sciences and Geophysics. 

University of Washington 
4059 Roosevelt Way N.E., Seattle, Washington 98105 
Telephone: (206) 543-6613 

III. GEOGRAPHIC AREA AND INCLUSIVE DATES: 1 May 1975 to 30 September 1976 

IV. COST SUMMARY: 

FY 1975 FY 1976 
through June 30, 1975 - $18,531 July 1, 1975- September 30, 1976-

V. PROPOSED RESEARCH 

• 

A. Background and objectives 
Primary emphasis on Task B-12 with secondary emphasis on Tasks _ ... - __...., ~ 

11-13 rtnd. D- 11. - This proposal outlines a research program directed at providing an 
understanding of the dynamics of near shore sea ice in the southern 
Beaufort and Chukchi Seas. The circulation of ice within the essentially 
land-locked Arctic Ocean is dominated by two main features: the Beaufort 
Sea gyre and the transpolar drift stream. The ice in the Beaufort Sea 
gyre, a region of clockwise ice circulation located north of Alaska and 
west of the Canadian Archipelago, is the oldest and thickest in the 
Arctic, with multiyear ice thickness in undeformed ice of 3-4 meters. 
The transpolar drift stream transports ice from the Siberian shelf over 
the pole and out of the Arctic Basin into the east Greenland current. 
The Arctic Ice Dynamics Joint Experiment (AIDJEX), a joint U.S.-Canadian 
research program, is studying the problem of understanding the drift of 
the heavy multiyear ice in the central ocean, away from the complicating 
edge effects of land. By acquiring new data and developing new ice 
modeling concepts and techniques, the AIOJEX program addresses the 
problem of dynamics and thermodynamics in the interior of large fields 

,of sea ice. This is the first step in understanding the overall sea 
ice problem. The next step (originally included in the AIDJEX program 
and later dropped for fiscal reasons) must be a research program directed 
at understanding the processes controlling the behavior of ice in the 
marginal, near-shore zone, where the ice undergoes seasonal variations 
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and interacts strongly with the solid coastal boundaries. The marginal 

or near-s~ore zone is comparable in extent to the continental shelf in 
the Beaufort and Chukchi Seas. 

In the past few years. it has become recognized that the safe develop­

ment and economic extraction and transportation of natural resources that 

are believed to lie within the offshore sediments of this region require 
a thorough understanding of the geophysics of ice behavior. Without 

this understanding it will be impossible to make an adequate assessment 
of the environmental hazards involved in developmental activities. Such 

an understanding is necessary to permit the development of adequate 

methods for forecasting ice conditions and designing operational systems 

that minimize undesirable effects of sea ice. The research outlined 

here proposes to study the overall deformation patterns on the near-shore 

regions of the Beaufort and Chukchi Seas by observing the drift of an 

array of data buoys which will also collect oceanographic information. 
This data buoy program will be integrated closely with the AIDJEX main 

experiment scheduled to commence on 1 March 1975 and continue for 

approximately 14 months. The scheduled data collection period proposed 

here should provide the required information during one season which 

will coincide with the data taken by the AIDJEX program. In addition, 

the data buoy program will be complemented by a detailed study of near­
shore ice deformation and motion using radar transponders and lasers in 

a 35 kilometer radius north of Prudhoe Bay and detailed studies of coastal 
ice properties and processes such as the formation of shear ridges in 

the area near the radar transponder sites. This study is to be undertaken 

by scientists from the Cold Regions Research and Engineering Laboratory 

(CRREL). Both data buoy and radar transponder programs wi 11 also provide 
the ground truth data required for int('rutr·tdtion and vcrificaJ~ion qf 

information collected by a remote sensing program which will utilize 

aircraft and satellite platforms. to document ice behavior along the 

coastal zone between the Bering Strait and Demarcation Point. All of 
the field studies will be complemented by an effort at the University of 

Washington to model the behavior of the dynamics and thermodynamics of 
the near shore ice cover using the data collected in the field program. 

These efforts are the first step toward developing forecasting procedures 
that will be of direct use to arctic operators. 
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Each of these complementary studies is the subject of proposals 

prepared at the respective institutions and are based upon a program 

prepared jointly by CRREL and the University entitled, "Dynamics of 

Near-Shore Sea Ice: A Research Program," dated 10 January 1975. 

B. Methods 

Specifically our proposal is to develop, build, and deploy a number 

of buoys to measure position, atmospheric pressure, temperature, and 

ocean currents. It is planned that 12 buoys will be deployed in an 

initial array, as shown in Figure 1. Four of them will be instrumented 

with atmospheric pressure and temperature sensors, two current meters and 

a Random Access Measurement System (RAMS) platform to permit tracking by 

satellite. The RAMS platforms should provide a positioning accuracy 

of at least five kilometers. sufficient to study the behavior of the ice 

in the shear zone. The other eight buoys in the initial array will 

provide tracking information only. An additional eight tracking buoys 

will be procured for deployment in the following spring. Four of these 

eight additional buoys will be deployed as shown in Figure 1 to compensate 

for the expected drift pattern of the original array, and the other four 

will be used to improve the distribution of the array caused by irregular 

drift patterns and to replace buoys which may have failed. The data thus 

obtained will yield for the first time a synoptic picture of the kinematics 

of near-shore sea ice. In addition, the data will be used together with 

other AIDJEX data to drive and check the AIDJEX ice model. 

It is proposed that the buoys equipped with tracking devices only 

be developed in a configuration which would permit them to be air-dropped, 

an important advantage in a region where thin ice or heavily ridged ice 

frequently poses severe deployment problems. It is planned that the 

buoys instrumented with sensors will be put in place by helicopter. 

VI. INFORMATION PRODUCTS 

The information product from this program will be the data des~ribed 

under V-B, above. It will be placed in the AIDJEX Data Bank and such 

other data archiving systems as may be prescribed. 

I 1 
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The air droppable buoys will provide position only to an accuracy 

of ± 5 km by means· of the RAMS system. The environmental sensing buoys 

will provide the following data: 

data sampling: 

current measurements: 

current speed: 

current direction: 

atmospheric pressure: 

air temperature: 

VII. DATA EXCHANGE INTERFACES 

synoptic every 3 hours 

5 m and 20 m de~th 

range 0 to 50 cm/s 

accuracy! 0.2 cm/s 

accuracy ± so 
10 minute average 
accuracy+ 0.1 mb 

accuracy ± 2°C 

As described above, the data taken in this experiment will provide 

ground truth information for a remote sensing program designed to 

document ice behavior along the coastal zone between the Bering Straits 

and Demarcation Point. This data will be provided through the AIDJEX 

data bank as it becomes available. 

VIII. SAMPLE ARCHIVAL REQUIREMENTS 

None 

IX. SCHEDULE 

Data collection described in VI above will commence upon installation 

of the buoys about 15 October to 5 November 1975. The proposed schedule 

1s as follo··;s: 

1 October 1975 

1-15 October 1975 

15 Oct. - 5 Nov. 1975 

15 Oct. - 1 March 1976 

March - 15 March 1976 

March - 30 June 1976 

X. EQUIPMENT REQUIREMENTS 

Delivery of buoys to NARL, Barrow, 
Alaska 

Equipment assembly and check out 

Deploy buoys 

Monitor buoys 

Deploy remaininq buoys 

Monitor buoys 

The buoys will be provided through the NOAA Data Buoy Office. 

Deployment will be in accordance with IX above. 

XI. LOGISTICS REQUIREMENTS 
The principal logistics requirements are for fixed and rotary 

w1ng aircraft services to deploy the buoys. 



Fixed wing aircraft services will be required for deployment of 

the air droppable buoys. Twelve of these buoys will be deployed in 

October 1976. Each buoy will weigh about 100 pounds and the most 

easterly will be deployed off Prince ·Patrick Island in the Canadian 

Archipelago, about 700 miles from Barrow, Alaska. (The proposed 

initial array is shown in Figure 1). If refueling can be arranged 

at a Canadian field it should be possible to deploy the buoys in three 

flights, though the actual requirement will depenrl on the aircraft 

characteristics. An aircraft with a tail door drop capability is 

preferred. Deployment of buoys in March 1976 should require no more 

than one long range flight and a shorter flight from _Barrow. 

The four meteorological and oceanographic buoys will require a 

helicopter to deploy. We have estimated a three week period for 

helicopter installation to allow for weather, and anticipate that each 

installation will require about 10 hours of flying in addition to the 

time required to ferry the helicopter to an advanced base for each 

deployment. Since these buoys will be entirely deployed in October, 

the primary requirement for helicopter services in t-1arch would be to 

service and maintain an additional three weeks of helicopter availability 

at that time. As was the case with fixed wing aircraft the requirements 

will be modified slightly by the type of helicopter available. 

Aside from the aircraft support the principal logistics requirement 

will be for lodging at coastal stations for the aircraft and deployment 

crews during the operation. The deployment crew will consist of two 

persons. Lodging at NARL will be available to the deployment crew 

through the AIDJEX program. It is assumed that NOAA will provide all 

aircraft services and lodging arrangements out~ide Barrow. 
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WORK STATEMENT RESEARCH UNIT #244 

I. Title: STUDY OF CLIMATIC EFFECTS ON FAST ICE EXTENT AND ITS -----
SEASONAL DECAY ALONG THE BEAUFORT SEA COAST. 

II. Principal Investigator: Roger G. Barry 

III. Geographic Area. and Dates: BEAUFORT SEA COAST OF ALASKA, EAST 
OF 1600W. 4h.5/75 - 9/30/76. 

IV. Cost Summary: FY 1975 
through 30 June 1975 
$14,030 

FY 1976 
1 July 1975 - 30 September 1976 
$44,635 

V. Proposed Research: 

A. Back_g_~_(~l.'!!.~~<!__Qbject:ives 
The primary focus of the work is to assess the role of 

climatic factors in determining the extent and seasonal 
decay of fast ice along the Beaufort Sea coast. The spatial 
and inter-annual variability of the seasonal progre::>sion 
of fast ice deeay from its maximum extent will be analyzed 
with particular attention to synoptic meteorological events 
during critical phases of the seasonal cycle. A subsidiary 
objective, to be carried out in conjunction with University 
of Purdue, Laboratory for the Application of Remote Sensing 
(LARS), is to explore the application of the LARSYS classi­
ficat3.on and mapping system to ice conditions. This 
Institute ha*> collaborated previously with LARS on ERTS 
and Skylab research programs. 

The P.I. and colleagues have been involved in similar 
work on fast ice and climate in eastern Baffin Island, 
N .W. T., since 1971. (Jacobs et <!1., 1974; Barry et ~~-·, in 
press; Jacobs et al., in press). Some basic information 
on fast ice on the Beaufort Sea coast, mainly at Barrow 
and Harter Is., has been provided by Lieske (1963), Bilello 
(1964), Bilello and Bates (1966, 1971) and Stringer (1974a,b). 

The information required to meet this objective wiJl 
include (1) maps of seasonal extent of fast ice to be 
prepared by W.J. Stringer (Univ. of Alaska) under the OCS 
program, (2) USGS aircraft underflight and ERTS imagery for 
selected, more detailed, analysis of ice parameters, and (3) 
synoptic weather maps and weather data; coordination in 
this respect is planned with Hr. H.W. Searly (NOAA, Anchorage). 
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Items (2) and (3) should be available wi.thin about 4 weeks 
and l!e.nce will allow full reporting by September 1976. 
However, for ite1n (1) we will be dependent on Dr. Stringer's 
data products. The 1975 data will be fully analyzed 
during the project period, but it is likely that only 
preliminary findings for the 1976 decay season could be 
documented. 

Coordination with planned Alaskan studies under the 
OCS program and with USGS aircraft flights will be 
facilitated by a proposed visit ro Anchorage, Fairbanks 
and Barrow by Mr. R. Moritz from about 15 May-10 June 1975. 
Similar coordination with aircraft flights would be carried 
out in Spring 1976. 

B. Methods 

1. Exi~ting Data: Historical records of ice conditions, 
which arc to be reviewed by Professors Hunt and Naske (Univ. 
of Alaska), may provide some indication of the frequency of 
severe ice years. Quantitative materials, however, will 
derive only from the ice records at Barrow and Barter Is. 
(referred to above) and Stringer's analyses of 2~ years 
of ERTS imagery based on the University of Alaska's ER'l'S 
archives. 

Meteorological data for Barrow include, in addition 
to the routine US Heather Service records (which arG also 
available for Barter Island), measurements of radiation 
compon.·nts (Maykut and Church, 1973; Weller and Uohmgren, 
1974; L Drew and Weller, in press). Much of this infor­
mation caP be usefully extrapolated to estimate conditions 
on the fas<- ice. 

2. Remote Sensing Dat~: Using Stringer's maps of seasonal 
ice morphology as a basis and working with appropriate! 
morphological categories, developed by Weaver (1975) from 
LANDSAT band 6 MSS imagery, we will examine the extent 
and summer decay of fast ice along the entire Beaufort 
Sea coast from 160°W to the Canadian border. Sectors 
with different temporal morphological characteristics 
w:i.ll be distinguished. In view of the location of existing 
weather stations, special attention will be concentrated 
on the sectors outlined in Figure 1. The analysis 
procedures are outlined below. 

The temporal sampling is determined in part by the 
availability of LANDSAT imagery. Past data are available 
on an 18-day cycle, with imagery on about 4 successive 
days (depending on cloud cover). At present, greater 
freqnenc:y of coverage is feasible due to the simultaneous 
oper.;•! ion of LANDSAT 1 and 2. Daily coverage with coarser 
resolution (-v3.5 km compared \vith <100 m for LANDSAT) is 
available from the DMSP visible and IR imagery. 

£) ') r-.--
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From the point of view of year-to-year variation, the 
few available years of qm.ntitutive information from the 
ERTS imagery will all be used. It is uncertain as to the 
long-term representativeness of conditions during this period. 
We can p~~rhaps approach this problem from climatological 
evidence when the role of the major climatic determinants 
of ice conditions have been identified. 

3. Underflight Data: Imagery is required for control on 
the satellite interpretation and mapping. We propose 1 flight 
in spring and 3 in the summer phase. A further 1-2 flights 
in the freeze-up period may be desirable also. Flights at 
ca. 1000 ft. (or below cloud) should be in a parallel trannect 
pattern from pre-determined coastal features along a coastal 
strip of approximately 30 km long and ca. 10 km wide. 
Instrumentation requested is: •visual multiband photography 

(spectral ranges similar to 
Landsat) 

·IR imagery (preferably 8-14 pm) 
•albedometer 
• PRT·-5 (we have available if 
needed) 

Recording systems for albedo and surface radiation temper­
ature should have time-mark system for matching with imagery. 
Selected SLAR coverage as also requested by Dr. Stringer would 
be valuable during the period of maximum extent in spring 
(mid-late May) tr' differentiate ice morphological character­
istics. 

R. Moritz will be at Barrow in the spring-early summer 
phase to coordinate with the USGS aircrew. He will also take 
surface photographs and collect data on snow cover and ice 
thickness along a transect off Barrow. 

4. Analysis Procedures: The organization of the analysts 
is outlined in Figure 2. The major tasks arc as follows: 

a. Mapping of .fast ice extent and characteristics, as 
described in B., using conventional photo inter­
pretation techniques on the satellite imagery supple­
mented by use of color enhancer system (Spatial Data 
Systems) available in the Institute. The underflight 
imagery, plus ground observations of ice character­
istics (B.~.), will be used as control data for 
establishLtg classification categories based on the 
state of surface, degree of puddling, etc., and for 
validation of satellite imagery interpretation. 

An attempt will be made to evaluate the feasibility of using 
the LARSYS system (Baumgardner et al. 1973) for automatic 
classification and mapping of ic0 types. This is applied to 
gray-scale LANDSATdal;a tapes and will be tested for 1 or 2 
selected quarter-frames for nearly cloud-free early-mid-summer 
conditions (see Appendix 1). 

0 ,) t .· ·- ' 
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h. Reduct:ion of metcorologicnl data, using existing 
routines for the CDC-6lf00 computer, to calculate 
synoptic parameters (wind velocity, components, 
radiative inputs) during the decay season along the 
lines of Jacobs et al. (1972). Data sources and 
procedures are outlined in Table 1. 

c, Synoptic climatological analysis of daily MSL at­
mospheric circulation patterns and associated daily 
climatic data at Barrow, Prudhoe and Barter Island 
for selected periods (see Barry and Perry, 1973), 
relating to: 
(1) the seasonal course of the regional circulation 

regime. The synoptic classification procedures 
have been established for the eastern Canadian 
Arctic (Barry, 1974) and work is well advanced 
on objective procedures using grid-point pres­
sure data. The work would focus initially on 
seasons with significant positive and negative 
departures in ice extent as determined from 
our mapping and other sources, and in climatic 
conditions. Long-term records for Barrow hgve 
been analyzed under IBP Tundra Biom<? abiotic 
studies (Barry et al. 1975). Clin~tic data 
of particular importance are temperature, pre­
cipitation, wind velocity and clou~iness. 

(2) specific events of significance to the decay 
process, sueh as early-mid-summer snowfall. 
major warm air advection (cf. Jacobs et al. 
1974; Fohl, 1973). Synoptic situations giving 
rise to storm winds and high waves will probably 
be examined by other groups (Searby and Quinlan). 
Their information will undoubtedly be useful to 
this project as input to assessment of factors 
affecting break-up, although some additional 
synoptic climatological analysis may he required 
for our purposes. 

VI. Information Products: 

A. Maps of fast ice extent and surface morphological character­
istics, by month in the decay seasons since 1973, for the 
3 sectors delineated in figure 1 on a scale of ca. 1:500,000. 
The specific products will be coordinated with those seasonal 
ice conditions to be prepared by W. Stringer. 

B. Daily catalog of mean sea-level pressure pattern types since 
1973. This may be expanded to cover a longer time period 
if useful earlier records of ice conditions can be obtained. 

() i) ") 
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C. Classification of synoptic pressure patterns according to 
their significance in terms of accelerated or retarded break­
up of fast ice (radiation budget parameters, temperature, 
wind velocity). 

D. Computer-aided analysis map products of 2 sample test frames 
(1/4 ERTS frames) of ice surface morphology. 

VII. Data Exchange Interfaces: 

Our primary dependence will be on EROS Data Center LANDSAT 
imagery, University of Wisconsin DHSP Data Center imagery, and 
USGS underflight imagery. Underflight imagery are requested 
within 10-16 days of the flights; the other imagery should be 
available '"i thin ca. 4 weeks. 

Requirements for our products have not yet been identified 
to us, but the ice maps and climatic data are likely to be 
requested by groups involved in the marine ecology baseline 
characterization and in the ice force studies by Barnes/Reimnitz, 
USGS. 

VIII. Samplf' Archival Requirements: 

Not applicable. 

IX. Schedule: 

15 May - 15 June 

15 - 30 June 

10 July 

July - August 

1975 

Ground-truth data collection at Barrow 
(R. Moritz), and USGS aircraft underflights. 
Project coordination and planning; ordering 
weather data, imagery products. 

Literature review, analysis of ground­
truth data on snm.;r and ice conditions. 

_!'rclimin~!.l __ E~Port FY 1975 of previous 
.items; revisLon as needed of planned field 
checking program in light of experience. 

Exnmination of fast-ice maps generated by 
W. Stringer under previous grants. Quali­
tative assessment of significant synoptic 
meteorological events. Analysis of May­
June underflight imagery. 



September 

10 October 

October - December 

10 January 

January - March 

10 April 

April - 15 May 

15 May - 15 June 

15 - 30 June 

10 July 

July - August 

September 
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Development of synoptic clas:o;:J,ficn tion en tc--· 
gories; program testing. 

Quarterly report. 

Generation of synoptic catalog for the 
Beaufort seacoast region; calculation of 
daily geostrophic wind indices. Analysis of 
summer-fall underflight data. 

Review of Stringer's map products, modification 
as needed, development of categories of ice 
surface morphology for production of sector maps. 

1976 

Quarterly report. 

Selection of LANDSAT frames for supply of data 
tapes to LARS; LARS computer-aided mapping. 

Imagery interpretation and synoptic map analysis 
for determination of meteorological parameters 
(see Tnble 1). Preparation of maps of icc ex­
tent and morphology. 

Quarterly report. 

Case studies of significant break-up related 
weather events; evaluation of LARSYS map­
classification products. 

Ground-truth data collection at Barrow and 
USGS aircraft undcrflights. 

Analysis of field data on sno\-1 and ice 
conditions. 

Quarterly report. 

Continued analysis of imagery and meteorological 
data; continuation of preparation of ic:e maps 
incorporating field data and underflight products. 
Identification of major controls of climrtte regime 
and synoptic events on fast icc extent and 
seasonal decay. 

Writing final report. which will include mrtp 
products. synoptic catalog, analysis of climatic 
factors influencing fast ice extent and season<Jl 
decay. 
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TABLE 1 

PROCJ·~DUitES FOR REGIONAL SYNOPTIC ENERGY BUDGET ANALYSES 

1. Mapping significant features from imagery 

a. Cloud cover--visual and IR (DMSP, NOAA) 

b. Ice and snow cover--visual and IR (DMSP, NOAA, ERTS) 

c. Surface temperatures--IR (DMSP, NOAA) 

2. Calculation of the radiation budget components 

a. Global solar radiation (function of clouds, declination, 

latitude, time) 

b. Absorbed solar radiation (from reflectance assigned to 

l.b categories and incoming total from 2.a) 

c. IR surface emittance (Stefan-Boltzmann approximation from 

l.c, or 273 K assumption for melting ice) 

d. Atmospheric emittance (analyzed from Sasamori program 

routine applied to Barrow soundings and/or empirical 

approximations based on Maykut/Church for synoptic data) 

3. Turbulent energy budget 

a. Ten meter wind (extrapolated from geostrophic) 

b. Temperature, vapor profiles empirically approximated 

for synoptic types from Barrow weather station data. 

()j() 
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X. Equipment Requirements: 

None. 

XI. Logistics Requir~ments: 

1. USGS Mohawk and Cessna 310. 

1975 and 1976 

ca. 12 hours low-level (below cloud) flights over the fast 
ice zone from Barrow eastward to Prudhoe in the period 
16 May - 15 June 1975. 

It would be desirable to have 5-6 flights of ca. 2-hour 
duration at approximately 5-day intervals during this period. 
Flight pattern in transect approximately parallel to coast, 
from predetermined coastal features, covering strips ca. 10 km 
wide. Full,covcrage of Barrow and Prudhoe sectors on Fig. 1 
is essential. Similar coverage is requested at approximately 
10-15 day intervals in the periods 15 June - 15 July, freeze­
up (ca. 15 September- 31 October), maximum extent (March). 

Instrumentation requested is: •visual multiband photography 

(spectral ranges si.milar to 
LANDSAT; · 5- · 6, · 6- · 7, · 7- · 8, 
.8-1.1 JJm) 

·IR imagery (preferably 8-14 J.lrn) 

•albedometer 

• PRT-5 (we have available if needed: 

Recording systems for albedo and surface radiation temperature 
should have time-mark system for matching with imagery. 

SLAR images would also be especially valuable during the 
period of maximum extent, if SLAR is available. 

Requested format of products: 
visual and IR 

albedo and PRT records 

SLAR 

black and white transparencies 
preferred, rectified if possible, 
9" x 9'' frames. 

time-marked trace to match Hith 
photographic products. 

black and white opaque prints 
(9" X 9") 

2. NARL (Requested arrangements of NOAA). 

Accomodation and meals for one man (R. Moritz) ca. 16 May -
15 June 1975 arid 1976. 
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Surface transportation - 4-whecl drive and/or. over.-~mow 
vehlclc for access onto coastal icc in vicinity off Barrow. 
Approximately seven (7) days during th1.s period. 

u:; ·1 
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Notes q_n Indirect Costs 

These arc divided between on-campus and off-campus categories by 

calculating that Mr. Clark will be in the field June 1975 and Jun~ 1976. 

All other salries and wages .represent work done on the Boulder campus. 

APPENDIX 1 

As outlines in section VB4(a), an additional analysis is proposed re­

lating to the LARSYS numerical classification and mapping system of the 

Laboratory for the Application of Remote Sensing (LARS), Purdue University. 

This analysis requires a subcontract to LARS, as outlines below. The In­

stitute has collaborated on ERTS and SKYLAB contracts previously with LARS. 

LARS will analyze 1 or 2 quarter frames of Landsat-2 data (in tape 

format) under the LARSYS system in a ''supervised" (i.e. with training data 

on ice surface types obtained by our field program) and an "unsupervised'' 

mode. The system provides a machine clustering of similar spectral sig­

natures and the classification categories are output in map form. 

The cost for this sub-project under Dr. R. M. Hoffer is itemized 

below. 

Subcontract from the Unive~~ity of Colorado 

to LARS, Purdue Universi~ 

Est i~"1_1-g:..d Bud g~_!. 

Systems programmer consultant 

Computer time (LARSYS analysis): 

reformatting Landsat-2 tapes 
(2 quarter frames) 

supervised/unsupervised IARSYS 

Landsat data: tapes, computer tapes 

Mailing, telephone 

TOTAL 

July 1, 1975 - September 30, 1976 

$ 1,500 

2,000 

1,800 

350 

200 

$ 5,850 
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RE···· \RCH UNIT 1/250 

, 
~JORK STATE11ENT JUN 3 0 1975 

I. TITLE: Mechanics of Origin of Pressure Ridges, Shear Ridges, 
and Hummock Fields in Landfast Ice · 

II. PRINCIPAL INVESTIGATORS: Le\oJis H. Shapiro SS# 117-26-5144 
Assistant Professor bf Geology 

William D. Harrison SS# 554-70-4301 
Ass1stant Professor of Physics 
University of Alaska 

III. GEOGRAPHIC DATA AND INCLUSIVE DATES: Beaufort Sea OCS Area 

IV. COST SUMMARY: 

FY 1975 
through June 30, 1975 

$10.976 

V. PROPOSED RESEARCH 

A. Background and Objectives 

April 1, 1975- September 30, 1976 

FY 1976 
July l, 1975- Sept. 30, 1976 

$63.324 

This research falls within the general task heading "Transport 

Processes", and specifically within the category "Ice Dynamics". 

The problem of the origin and growth of pressure ridges in the 

open ocean has been treated in the model of Parmenter and Coon (1973), 

but no similar analysis has been done for ridging in the near shore 

zone. Descriptions of grounded ridges, and some possible mechanisms of 

origin have been given by Kovacs (1972), Kovacs and Mellor (1974) and 

Weeks et al. (1971). In addition, Bruun and Johannessen (1971 ), Zubov 

(1943) and Allen (1970) have considered the problem of piling of ice in 

shallow water or against an obstruction, a problem which we consider to 

be closely related to the ridging problem. Finally, in previous work by 

one of-the Principal Investigators (Shapiro, 1975), the importance of 

the use of radar data to determine the movement vector of the pack ice 

1 
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during ridging has been demonstrated. The results of this 1'/0rk, along 

with supplemental field studies, provides the basis for much of the work 

proposed here. 

Following the work of Parmenter and Coon (1973) we have tentatively 

identified the pattern of energy partition during the formation of 

pressure and shear ridges and hummocks ('Shapiro, 197 5). These fa 1l ·into 

the following categories: (l) gravitational potential energy, (2) 

formation of new surface energy by fracture, (3) friction, which may 

enter the problem in several ways, and (4) energy loss due to gouging of 

the sea floor. In the process of ridging in the open sea, (4) does not 

enter, while, from the Parmenter and Coon model, (2) and (3) are of much 

lower magnitude than (1) and may therefore be ignored. However, our 

results for the near shore zone suggest that friction and the formation 

of new surface energy taken together muy :e cf the same order of magni­

tude as the gravitational potential energy when grounding occurs. 

Further, this is certainly the case for shear ridges, in which large 

masses of ice are crushed and fragmented (Weeks et al., 1971; Shapiro, 

1975), so that virtually all of the energy 1s absorbed as surface 

energy associated with fracture. Finally, it has not yet been possible 

to consider the contribution of gouging of the sea floor during grounding 

to the total energy balance. The recent work of Kovacs and Mellor 

{1974) may provide the basis through which this can be done. At present, 

however, it is apparent that better estimates of the importance of these 

processes are needed, and we believe that son1e progress can be made 

towards this goal through the study proposed here. 

2 
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~lovement data from the rudar imagery enters the anulysis in several 

importunt aspects, including providing a means of determining the temporal 

relationship between the formation of various features of the landfast 

ice. As an example, during the winter of 1973-74, the radar imagery . 
permitted recognition of a transitton, in time, from pressure ridging to 

shear ridging along the same line, and with no change in the velocity or 

direction of movement of the pack ice. This process has not previously 

been reported in the literature, and a preliminary analysis of the role 

of friction in the transition has been prepared by one of the Principal 

Investigators {W. D. Harrison). Further, following formation of the 

shear ridge, the pack ice was rafted over the adjacent shear zone and 

pressure ridging occurred, again with no change in the drift vector of 

the pack ice. The entire process took less than 4 hours and occurred 

during? heavy storm on January l, when visibility was limited by the 

absence of daylight and the storm conditions. This illustrates the 

importance of the continuous, all-weather information provided by the 

radar system. 

Analysis of movement data also provides a method for estiTating 

the energy available during the ridging process, through measurement of 

the velocity of the ice (supplemented by measurement of the thickness of 

the ice in the resulting ridges) and the distance through which the ice 

moved during the formation of the ridges. Finally, there are some 

preliminary results suggesting that the limiting heights of grounded 

pressure ridges are at least partly dependent upon both the velocity of 

the pack ice, and its angle of approach to the growing ridge. 

3 
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The objectives, as stated in the original letter proposal, are: 

(1) To develop an understanding of the environmental paru.inetcrs 

which localize pressure ridges, shear ridge~ (and related shear 

zones) and hummock fields within the landfast ice zone of the 

Arctic Coast. 

(2) To gather field data regarding the mechanisms by v1hich 

these structures form. 

(3) To prepare a semi-quantitative model of the processes 

involved in the formation of these features, in order to test the 

validity of the concepts developed in (1) and (2) above. 

(4) To use these results to develop a procedure for estimating 

average and worst possible occurrences of heavily deformed ice 

within the landfast ice zone in terms of environmental parameters 

(such a~ water depth, bottom cunfigurotion, shoreline geogrdphy), 

ice thickness, and prevailing and unusual meteorological events. 

The information required to meet these objectives falls into three 

categories: 

(1) Bathymetry and side-scan sonar data of the area within the 

radar field-of-view at Barrow. At present, we have arranged with 

the U.S. Geological Survey to acquire this data during the summer 

of 1975. It would be desirable to repeat the side-scan sonar 

survey in 1976 in order to estimate the extent of gouging v1hich 

occurs during the winter of 1975-1976. 

{2) Continuous radar coverage of the study area at a suitable 

scale, during the time of ridge formation. The radar system is 

currently operated under the University of Alaska Sea Grant Project, 
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and data from this source is expected to be available during the 

project proposed here. 

(3) Field studies including mapping, profiling and sampling of 

typical shear and pressure ridges within the radar field-of-view, 

to determine the geometry of these features, and, in the case of 

shear ridges, their internal structure. The distribution of 

features, their time of formation, and the direction and velocity 

of the pack ice at those times will be mapped from a combination 

of air photos and radar data. Finally. field measurements will be 

made of the thickness of the ice involved in the ridges, and the 

size and shape of blocks, for information regarding failure mechanisms 

of the ice which operated during the ridging process. 

It is anticipated that, barring an unusually smooth ice year at 

Barrow during tile winter of 1975-76, sufficient information \'lill be 

available by June 1976 to meet all of the objectives of this project 

except the last. This will depend, to some extent, on the results of 

other projects, notably that of String~r ~nd Hunt and Naske, regarding 

the occurrences of pressured ice in areas other than Barrow. This 

information is necessary to test the ideas developed in the last objective. 

In addition to StringeG and Hunt and Naske, the work of Weeks and 

Kovacs on ridges in the Prudhoe Bay-Cross Island area will be of interest 

to us. We anticipate no difficulties in comnunication with these workers. 

We have daily contact with Stringer and Hunt and Naske, and will be 1n 

contact with \·leeks and Kovacs by telephone, letter or at meetings. \~e 

do not consider that formal arrangements for communication with any of 

these people are necessary. 
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The approa~h to gathering the information needed for this study is 

outlined in the discussion above regarding data requirements. 

At the start of this project, two full years of ohoto imagery from the 

Barrow radar will be available, along with supplemental field informa­

tion. This data will be analyzed for.relevant information. In addi-

tion, we will continue the work reported in Shapiro (1975), and the 

investigation of the role of friction in the transition from pressure 

ridging to shearing which was begun by W. D. Harrison (see above). 

Finally, a search of the published literature, in addition ·to that 

already done, will be made. 

The method of sampling depends upon the manner in which the ice 

forms. The intention is to survey and map as many ridges as time permits, 

and to inclu~:,within the sample,exa::Jples of ridges formed under different 

conditions of· ice drift, and in different water depths. 

We do not intend to develop a computer model of the growth of 

ridges in shallow water analogous to that of Parmenter and Coon (1973) 

for ridging in the open sea. Instead, we anticipate calculating semi­

quantitative physical models which are designed to test ideas developed 

during the study. As an example, we hope to analyze the problem of the 

limiting height of grounded pressure ridges as a function of fracture 

mechanisms, ice thickness, angle and velocity of approach of the pack 

ice, water depth, and any other parameters which we believe might be 

relevant. 

6 



RE~ERENCES CITED JUN 3 0 i975 

Allen, J. L., 1970. Analysis of forces in a pile-up of ice, in lee Engineer­
ing and Avalanche Forcasting and Control, Proc. C::~lgary.C-onf., 1969, 
Nat•l. Res. Council of Canada, Co~. on Geotech. Res., Tech. Mem. 98, 
p. 49-56. 

Bruun, P. M. and P. Johannessen, 1971. The interaction betweeh ice and 
coastal structures: Proc. lst Int. Conf. on Port and Ocean Eng. Under 
Arctic Conditions, Trondheim, ~orway, p. 152-183. 

Kovacs, A., 1972. Pressured sea ice, in Sea Ice, Proc. of an Int. Conf., 
Reykjavik, Iceland, ~lay 10-13, 1971, p. 276-295. 

Kovacs, A. and M. Mellor, 1974. Sea ice morphology and ice as a geologic 
agent in the southern Beaufort Sea, in The Coast and Shelf of the 
Beaufort Sea, J. C. Reed and J. E. Sater, editors, p. 113-161. 

Parmenter, R. R. and M. D. Coob, 1973. Mechanical models of ridging in 
Arctic sea ice cover, AIDJEX Bull. 19, p. 59-112. 

Shapiro, L. H., 1975. Preliminary report on the formation of landfast 
ice at Barrow, Alaska, Winter 1973-74, University of Alaska Sea 
Grant Report, 45 p. 

\·1 e e k s , W . F . , A . Ko v a c s a n d \~ . 0 . H i b 1 e r I I I , 1 9 71 . Pres s u r e r i d g e 
characteristics in the Arctic coastal environment, lst Int. Conf. 
on Port and Ocean Engineering under Arctic ConditiOJlS, Trondheim, 
Norway, p. 152-183. 

Zubov, N. N., 1943. Arctic Ice, Izdatel •stvo Glavsevmorputi, Moscow 
(Translation AD426972, NTlS, Springfield, Va.), 491 p. 

Vi. INFORMATION PRODUCTS 

Information products will include a fi~al report describing observa­

tions, methods of stud~and results If objective (4) can be attained, 

then a series of maps depicting areas where severe ice conditions may 

occur in the near shore zone will also be included. Finally, a motion 

picture of the relevant parts of the radar imagery will be prepared. 

VII. DATA OR SAMPLE EXCHANGE INTERFACES 

No other data are routinely required from other investigators. 

However, we will be interested in the location of severe ice conditions 
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during the coming year fro-rn String~r. ~and in the results fY•om Hunt and Naske toward 

the conclusion of their project. These data will aid us in meeting objective (4). 

In addition, as noted above, we will be interested in the results of the work by 

Weeks and Kovacs, but no special ti~e limit is placed Upon acquisition of this 

information. We anticipate that th~se investigators will be interested in our 

results, but are not aware of any specific time requirement. However, we believe 

that communication is more than adequate to insure that information needed will be 

readily available. 

VIII. SAMPLE ARCHIVAL REQUIREMENTS 

No sample archiving will be required. 

IX. SCHEDULE 

The available radar data will be completely analyzed and a preliminary 

report prepared using existing data by December 1975. The major field effort 

will be in the Barrow area at selected times between January and late May 1976. 

Analysis of field and radar data will be completed by July of l97fi, and a final 

report prepared by September 30, 1976. 

X. EQUIPMENT REQUIREt~ENTS. 

A steam drill for ice ridge characterization will be required. 

XI. LOGISTICS REQUIREME~TS 

The only logistics requirements are for a total of 90 days lodging at ~IARL, 

during field trips, and for up to 10 hours of dedicated fli9ht time by a Cessna 

180 in the Barrow area during field trios in the field season, for the purpose 

of acquiring air photos of the study area, and qeneral observations of ice 

conditions. 

It is anticipated that remote sensing photoqraohic and SLAR imaqery taken by the 

OCS program throughout the ice season in the vicinity of Barrow will supplement 

the specific flights mentioned above. 

04~ 
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RESEARCH UrH T #257 / 

HORK ST/\TGlUH V 

JllN ~ 0 1975 

I. TITLE: t1orphology of,l3eaufort tlcar Shore Icc Conditions by Heans 
of Satellite and Aerial Remote Sensing 

II. PRINCIPAL INVESTIGATOR: W. J. Stringer SS# 530-24-3717 
Research Associate 
University of Alaska 

III. GEOGRAPHIC AREA AND INCLUSIVE OATES: 13eaufort Sea 
May l, 1975- September 30, 1976 

IV. COST SUM~tARY: 

FY 1975 
through June 30, 1975 

$22,000 

FY 1976 
July 1, 1975 - Sept. 30, 1976 

$35,200 

V. PROPOSED RESEARCH 

A. Background and Objectives 

l. State of Know1edge 

The general descr1ption \f ice in near shore areas has been 

investigated and reported. For rnstance, Zubov (1943) discusses a 

variety of near shore ice conditions. Most recently, Kovacs and Mellor 
I 

(J973) have given a review of the state of knowledge of sea ice in-

eluding near shore ice. The principal near shore ice, fast ice, has 

been investigated to the point that several general parameters have been 

accepted -- at least in terms of Beaufo~t Sea shore fast ice. Briefly 

these are: 

a) Sometime around midwinter, the ice along the shoreline is 
no longer subject to breaking free and having open water 
except under the most unusual circumstances. 

b) This "shorefast" ice sheet muy contain muny pressure 
ridges. Its sea\va rd edge is defined by the most sea\·Ja rd 
grounded pressure ridge. 

c) Bottom sediments uppear·ing in the piled ice are generally 
taken to be evidence that a pressure ridge is grounded. 

I 
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e) From time to time, n f1o,ltin~1 sheet of icc c.1n be uttuchctl 
to the shorefast sheet and extend many kilo111elers farther 
sea\'la rd. 

f) The grounded pressure ridge system endures into summer, 
som~times as late as mid-July. 

Virtually nothing is known about the dynamic morphology of shore-

fast ice; formation processes, stress-induced changes, year-to-year 

variations in location of its edge and locations of hummock fields, 

stability and other parameters related to specific weather patterns or 

geomorphological features. 

2. Objectives 

The objective of this proposed study is to develop a comprehensive 

morphology of near shore ice conditions in the 8eaufort Sea. This 

morphology would include a synoptic picture of the development and decay 

of fast ice and related features along the Beaufort Sea coast, and 1n 

the absence of fast ice, the nature of other ice (pack ice, ice islands, 

hummock fields, etc.) which may occasion the near shore areas in other 

seasons. Special emphasis would be given to consideration of potential 

hazards to offshore facilities and operations created by near shore ice 

dynamics. A historical perspective of near shore ic~ dynamics will be 

developed to aid in determining the statistical rate of occurrence of 

ice hazards. 

The data gathered here would be provided on a timely basis to 

other investigators performing related tasks (detailed later). 

3. Expected Results ~nd Results Related to Other Studies 

There are two categories of results to be anticipated. The first 

category consists of direct data products while the second consists of 

2 
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indirect dJtli produc ........ , 1·111ich "'ill be co\1\binr.d v1ith ~ ... dies performed by 

others within the study program. 

a) DIRECT DATA PRODUCTS: These prod~cts would consist of a 

morphology of Beaufo~t Sea near shore ice and a series of maps 

showing persistent locations of major ice features including 

ice hazards within the near shore zone. These include the 

locations of large grounded pressure ridge systems, the loca-

tion of summertime pack ice visits to the near shore areas and 

the drift pattern of ice islands. The morphology developed 

will provide a comprehensive picture of the development and 

decay of fast ice and the description of the sea ice cover on 

the Alaskan Continental Shelf. 

b) INDIRECT DATA PRODUCTS: The morphology developed would 

yield information tovmrd the determination of ice movement and 

deformation mechanism in the coastal fast ice zone. The ice 

type maps will indicate where to apply data relating stress­

strain relationships to man-made and natural structures. The 

mapped pressure ridge locations and sites of ice island ground­

ings will provide data toward a predictive technique for ice 

scoring processes. The assembled data vii 11 be of use to the 

study of the relationship of living resources to the ice 

environment.. 

4. Relationship of This Study to Defined Tasks 

The objective of this proposed study is to develop a comprehen­

siv~ morphology of near shore ice conditions in the Beaufort Sea. This 

objective can be related in a primary way to three NOAA-identified 

tasks: - ~9. A-30 and~- Task A-29 calls for the "assemblege and --
3 
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analysis of historical records and rclliote scnsinu d<Jta to provide u. 

comprehensive picture of the develOf.llllCnt and decay of Lhe fast icc u.lonu 

the Beaufort Sea coast". This tusk then considers the neu.r shore at·eas 

in fall, winter and spring months. The primary data source for this 

project \·lill be ERTS and NOAA sate1lite imagery and aircraft photo­

graphy. Historical data will be assembled by another project (Hunt and 

Naske) and incorporated here. 

Task A-30 calls for "using remote sensing methods, quantitatively --
describe the sea ice cover on the Alaskan continental shelf including 

the temporal and spatial description of the extent, location, type and 

state of the pack ice in the Beaufort and Bering seas". This task is 

concerned primarily with summer months as far as the near shore areas 

are concerned. However, summer pack ice behavior is still a major part 

of the morphology of near shore ice. 

Task B-13 is to ''determine deformation mechanisms in the coastal --fast-ice zone''. Although a study to specifically analyze the mechanics 

of origin of pressure ridges, shear ridges and hummock fields in land­

fast ice will take place, other deformations of much larger size also 

occur which must be considered a part of the general morphology. Ana­

lysis of these deformations will be made as part of this study. 

The objectives of this study can be secondarily related to the 

follm'ling tasks \'lhich are the primary responsibility of others: Tasks -
A-31, B-12, B-13, 0-11. -- -Task A-31 asks for tile "determination of the relationship of 

living resources to the ice environment''. The results of the near shore 
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1ce study would yield -·cumprclwnsive mups for the uppl icat ion of rcsul ts 

of this task in a general sense to the entire coast. 

Task G-12 is the "description and analysis of the large scale --
motions and deformation mechanisms of the primarily first-year ice in 

the region of strong shear, that separates the coastal fast-ice zone 

from the multi-year pack ice zone''. M~ch of the morphology of the 

shore-fast ice is determined by the large scale motions of the ice in 

the region of strong shear. Hence, 'there \'>'ill, of necessity, be a 

relationship between the near shore ice study and the study(ies) related 

to Task G-12. 

Task B-13 has already been regarded to be, in part, a primary --
responsibility of this study in terms of large scale ice deformations. 

This study is also related to the analysis of smaller deformations in a 

secondary sense in that those results must be taken into account \·Jhen 

developing a comprehensive morphology. 

Task D-11 ca11s for "determination of the stress-strain relation---
ships of various types of sea ice encountered in the Beaufort, Chukchi 

and Bering seas in order to permit calculation of ice forces and loads 

transmitted from the ice to man-made and natural structures''. The near 

shore ice maps should supply sites for tests of stress-strain laws for 

sea ice against large natural structures. 

5. Information Needed to Meet Task Objectives 

The information needed to meet these objectives was not available 

until the construction and launch of the ERTS-I satellite. The imagery 

from this system, now covering three freeze-thaw cycles, combined \'Jith 

imagery with NOAA satellites should provide a good data base. This 

r; 050 
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comprehensive datu should be sufficient to give a reasonable perspective 

to the one year's research based on concurrent satellite and aircraft 

data. This information, combined with field re~orts from other investi-

gations, should be ·sufficient to meet the task objectives. 

G. The Extent of Completior bY September 30, 1976 

A morphology of near shore ice conditions based on 4 years' data 

can be presented by September 30, 1976. 

7. Related Research 

All research related to this study is being carried out by other 

OCS investigators and has been described above and elsewhere in this 

work statement. There is no need for detailed coordination between this 

study ahd any other in terms of input to this study .. It is anticipated 

that other investigators with first-hand field information will contri~ 

bute verbal reports on ice conditions they encounter. In term~ of 

output, a number of other projects are anticipating some usefulness from 

tbe various products produced. These investigators include Barry, 

Shapiro, Sackinger, Nelson and Weeks. Here, no coordination is needed 

other than perhaps some early agreement on product format. Some of the 

above subjects are discussed in more detail later. 

B. l~ethods 

Data from all seasons, past and historical data will be used to 

compile a series of maps of the 13eaufort Sea near shore areas denoting 

summer Jnd fall pock ice behavior, fall freezing characteristics and 

~rO\-J~Il und decay of the fast ice zone. Porticulol" attention wi 11 be 

paid to the behavior of ice islands and other large free ice features, 



hU1111nOck fields, pressure and shear ridges, open and refrozen lec1ds, etc. 

A l'lrittcn morphology associating ice l>chuvior putterns with I·Jinu5, 

storms, currents, temperature and bathymetric data \·lill be developed 

(see, for instance~ Stringer, 1974a). 

l. Sampling Strategy 

a) REMOTE PAST (preERTS): Data gathered by investigators 

analyzing historical records will be incorporated into the 

morphology, generally to confirm persistent locations of major 

ice features or determine patterns of extreme behavior. This 

investigator anticipates continuous interaction with the 

investigators researching historical ice records. In conjunc-

JUN :1 0 1975 

tion with them, a map of historical ice behavior can be developed. 

Historical information can be utilized to determine locations 

to give pa1·ticular attention at present. Similarly·, presen-: 

data may give them additional information toward interpre-

tation of historical data. 

b) IMMEDIATE PAST: ERTS imagery will be combined with aerial 

photographic surveys performed in the past by the author and 

others (NASA, USGS) to perform a detailed and comprehensive 

study of near shore ice previous to this time. Thus maximum 

utilization will be made of the 2-l/2 years of ERTS data which 

have been collected and archived at tile University of Alaska 

ERTS archives. It is anticipated thut this data cun be neaJ-ly 

as valuable as ERTS data taken during this study. Ho;-Jever, 

the project airborne remote sensing activities are anticipated 

to. enhance the utility of present ERTS data over pus t ERTS 

duta. 
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c) PI\ESUr(:- Elns i lliJgcry COillbi ned \•li th dJ ta from rrojcc t 

remote sensing uircruft \·Jill be used to monit01~ lhc behavior 

of shore-fast and other ice vlithin the near-shore zone. It is 

anticipated that interaction will take place with many other 

investigators studying related subjects (shear zone ice dyna­

mics, pressure ridge model in~, sea mammal habitat, etc.) to 

yield additional information for incorporation into develop-

ment of a coastal ice morphology. 
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VI. INFORMATION PRODUCTS 

A. Routine Data Products 

l~aps of near sh0re ice conditions for each 18-day LANDSAT cycle with 1ow 

cloud cover will be prepared at 1:500,000 scale showing locations of major ice 

features as determined from LANDSAT and NOAA satellite imagery. At this 
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scale, the estimated Lf\tWS/\T mappin9 errors ure of tiH• S!]IIH! llh19nitude as 

the finest detail \·11licl1 can be dr.:nm. [At l:SOO,OOO scale, the cstimJted 

uncertainty of LANDSAT pas iti ana 1 accuracy, 200 m (sec Co 1 vocoresses, 

1973), is .4 mm.] 1hese maps will be anotated with dates of ice events, 

ground truth information and any other data which becomes available. 

These maps \·Jill fall in two categories: "on schedule" and "retroactive". 

· 1. The "on schedule" maps will be ava i 1 ab 1 e as soon as the sate 11 ite 

data become availabla, interpreted and maps drawn. It is 

anticipated that this product will be available 90 days after 

data acquisition (see Section IX). 

2. The "retroactive" maps \'Jill be compiled based on existing 

satellite data for those years previous to funding as soon as 

the required data products can be identified and acquired. 

These maps will be produced starting with the earliest data 

first and will be completed by June 1976. 

B. Non-Routine Data Products 

1. "Epoch Summary r~aps". Whenever it appears that a major epoch 

has taken place (over a period of several LANDSAT cycles), an 

epoch composite map will be prepared at 1:500,000 scale \~ith 

accompanying text incorporating other data (e.g., winds, 

currents, insolation, aircraft data not available when "on 

schedule" maps are made, etc.). Epoch maps will include a 

yearly summary map. 

2. "Special Event t·1aps". Occasionally, ice feoturcs like the 

grounded floeberg at 72°N, 162°W develop which show particularly 

well behavior patterns which illustrate general morphology or 

9 
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chaructcri~~tic5 relc!vunt toil ~;inulc locution. lhe~;l!, events 

\·Jill be uniJlyzed in \·JiliJtcver co111binat-ion of tc111poriJl or spa-

tial resolution seems appropriate. (For instance, it is 

possible .to perform digital analysis of LANDSAT data at 

1:20,000 scale.) 

C. Final Data Products 

The final data product of this study will be a written morphology 

of near shore ice conditions in the Beaufort Sea, illustrated by a 

series of maps at 1:500,000 scale and special event maps. The morpho-

logy will describe persistent near shore ice features and behavioral 

patterns as well as an analysis of general behaviorial patterns. 

The range of subjects will include: (1) Summertime visits of 

pack ice to the near shore areas and note of locations where pack ice 

has been grounded or driven onshore. (2) Summertime ice island visits 

to the near shore areas. (3) Fall freeze-up characteristics in the near 

shore areas. {4) Development of shorefast ice. (5) Nid-winter modifi­

cations and changes within shorefast ice. (6) Interaction of shorefast 

ice with shear zone ice. (7) Motions of and within shorefast ice. (8) 

Springtime decay of the shorefast ice. 

VII. DATA OR SAMPLE EXCHANGE INTERFACES 

This project does not require data from other investigators. 

(Remote sensing aircraft data is considered to be logistics.) However, 

we \'Jill seek first-hand observations from investigators doing field 

work .. 

To my kno\'lledge, only two projects require results from this 

project and those are Roger G. Barry• s study of climate effects on sh01·e-

lo o~s 
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fast ice and Sackinger and r·leison's study of the uro~nded floebcrg. It 

is very possible thut much informal cxclwngc 11/ill take place ilruong the 

ice investigators. For instan~e, Shapiro has i~dicatcd an interest in 

some of the data pr,oduced by this project. 

VII I. SAHPLE ARCHIVAL REQUIREr-IENTS 

There will be no samples which requ1re archiving. 

IX. SCHEDULE 

A. Sample Acquisition 

1. Satellite Data. LANDSAT and NOAA II data are acquired on a 

fixed schedule and will be archived as part of another pro­

ject. Generally speaking, the sample acquisition is con­

tinuous. 

2. Aircraft Data. The schedule for aircraft data acquisition is 

not yet knmm. Ny request \'lill be found under ''Logistics 

Requirements". 

B. Analysis and Information Delivery Milestones 

This topic has already been partly covered under Section VI, 

Information Products, and will be revievted here. 

l. "On schedule" maps of shorefast ice will be produced within 90 

days of LANDSAT data acquisition provided that NASA/EROS 

schedules remain as they are at present. 

2. "Retroactive" maps \-Jill be generated starting within 60 days 

of funding. This lag is largely due to the time required to 

obtain 1:500,000 scale LANDSAT imagery from the EROS data 

center. It is anticipated that all retroactive maps will be 

completed by June 1976. 

11 
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3. "[poch SIIIInnilry" IlldpS wi 11 be produced \'IIH!llCver un epoch has 

l>een identified. Sii1ce the depth of analysis is much 9rcatcr 

than for "on schedule" maps, and can only come after either 

"on schedule" or "retroactive" maps have been compiled, they 

will most likely follow the last of these maps in the epoch by 

at least 30 days but not more than 60 days. 

4. 11 Special event" maps are, in terms of scheduling, identical to 

epoch summary maps. 

5. Final Data Product~ It is anticipated that the final data 

product, a morphology of Beaufort Sea shorefast ice, including 

all LANDSAT data up to June 30, 1976, will be available 

September 30, 1976. 

C. Interfaces with Other Projects 

Several points of interface with other projects were discussed in 

Section V. All of these involve rather continuous communication among 
I 

investigators, but no specific dates for exchange of data products. 

Ho1·1ever, there are two points of interface I am currently av1are of 1·1here 

timely interface is required: 

1. Identification of useful LANDSAT scenes as provided by the 

remote sensing project. At this time the University of Alaska 

data archivist receives a printout of available LANDSAT images 

approximately 42 days after the scenes arc obtained. The 

locations of the scenes are plotted on a map overlay from 

which data selection can be made. We anticipate the ability 

to submit our data product requests to the EROS data facility 

within five days of the receipt of the available data pl'intout 

by the r cmo t e sen s i n g pro j ec t. 

12 
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2. Delivery of "on schedule" shurcfast icc maps to pt·ojcct en-

I 

titled "Study of climatic effects on fast ice extent and its 

seasonal decay along the ecaufort Sea ·coast". I estimate that 

the time ·required for delivery of these, maps is 90 days after 

the data is taken. This. lag is based on the following: 42 

days between data acquisition and receipt of printout, 5 days 

for identification of useful scenes and submission of o~der, 

21 days for delivery'of data products from Sioux FallsJ 14 

days for preparation of maps (average). "Retroactive" maps 

for data already in existence will be prepared on a pro~uction 

basis starting within 60 days of funding {see item 2 under B 

above). It is anticipated that these will be made for the 

earliest LANDSAT coverage first and work will proceed toward 

the data obtained just before the start-up date of this pro­

ject. It is anticipated that this data will be complete by 

June 1976. These will be supplied to the study on climatic 

effects on fast ice as soon as they were prepared. 

I am \·li 11 i ng to include on these "on schedule" and "retroactive" 

maps additional information \·lhich may be required by other studies, and 

allo'll other investigators to impose threshold criteria for determination 

of certain conditions. For example, Roger Barry may determine the 

criteria for identification of puddling during the decay of fast ice. 

In this way, n~ data products will be most useful to others along the 

a.nalysis chain. 

X. EQUIPMENT REQUIREMENTS 

MiscPllaneoJi drafting equipment will be purchased. 

13 0~8 



•· 

XI. LOGISTICS RCQlJTf~Cf·IUHS 
,_ JUN 3 0 1975 

Louistits rcquire111cnts for this project ul'C linlitcd to airborne 

photo and SL/\R reconnaissance missions performed by, the project 1-\ohavJk 

aircraft. Below are listed the desired flight lines, dates and data 

requirements: 

1. Spring/Summer 1975. Ten tra.nsccts perpendicular to the coast 

to a distance of 50 km at equally spaced intervals from Barrow 

east to the Cunadian border yielding stereo pair photography 

by the RC-8 mapping camera at 1000 m altitude and wide field 

photography at 5000 m altitude, SLAR at 25 km range. 

2. November 1975. Same as 1. 

3. December 1975. Same flight lines as 1 but flown with SLAR 

only. In addition, a flight line from Barrow to Alaska/Canada 

border with SLAR at 25 km ranf)e and return at 100 km range. 

4. January 1976. Sa~e as 3. 

5. February 1976. Same as 3 with addition of RC-8. 

6. ~1arch 1976. Same as 1. 

7. April 1976. Same as 1. 

8. May 1976. Same as 1. 

9. June 1976. Same as l. 
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RESEARCH UiUT t/258 ,v, __ _ JUN 3 0 1975 
\o/OI~K Sl/\HHENT 

I. TITLE: 1·1orplwlO~JY of Goring tlcur Shore Icc Conditions by l·tccJns 
of Sotcllite and /\erial f~cmote Sensing 

II. PRINCIPAL INVESTIGATOR: W. J. Stringer SS# 530-24-3717 
Research Associate 
University of Alaska 

III. GEOGRAPHIC ARE/\ AND IMCL~SIVE OATES: Bering Sea 
May 1, 1975- September 30, 1976 

IV. COST SU11~1ARY: 

FY 1975 
through June 30, 197 5 

$18,000 

FY 1976 
~uly 1, 1975- Scrt. 30, 1976 

$23,700 

V. PROPOSED RESEARCH 

A. Background and Objectives 

1. State of Knowledge 

The general description of ice in near shore areas has been 

investigated and reported. For instance, Zubov (1943) discusses a 

variety of near shore ice conditions. Most recently, Kovacs and Mellor 

(1973) have given a review of the state of knowledge of sea ice in-

eluding ncar shore ice. The principal near shore ice, fast ice, has 

been investigated to the point that several general parameters have been 

accepted -- at least in terms of Bering Sea shore fast ice. Briefly 

these an~: 

a) Sometime around mid1oJintcr, the ice ulonu the shoreline is 
no longer subject to breuking free and lwv-ing open 1·1ater 
except under the most unusual circumstunces. 

b) This "sllol'efust" icc shret muy conluin llli'lny pn~ssut'e 
rid<Jes. Its SCJ\·1ard edge is defined by the 111ost scul'lard 
grounded pressure l'i dge. 

c) Bottom sediments ilppcarin<J in the piled icc 11rc gcnerully 
taken to be evidence that a pressure ridge is grounded. 

1 
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d) The most SCil\•/ard ~)l-oundcd pressure riuuc is churilc­
teristically ncilr tile lB-111 contour. 

JUN 3 0 1975 

e) From tirnc to lilllc, a flouting sheet of icc ciln be attilchcd 
to the shorefc:ist sheet and extend many kilometers farther 
Seilvlard. 

f) The .grounded prbssure ridge system endures into sumner, 
sometimes as late as mid-July. 

It is expected that tidal effects will play a strong role in the 

behavior of Bering Sea near shore ice, modifying the above list. 

Virtually nothing is known about the dynarni c morpho 1 ogy of shore-

fast ice; formation processes, stress-induced changes, year-to-year 

variations in location of its edge and locations of humnock fields, 

stability and other parameters related to specific weather patterns or 

geomorphological features. 

2.- Objectives 

The objective of this proposed study is to develop a comprehensive 

morphology of near shore ice conditions in the Bering_ Sea. This 

morphology would include a synoptic picture of the development and decay 

of fast ice and related features along the Bering Sea coast, and in 

the absence of fast ice, the nature of other ice (pack ice, ice islands, 

hun~ock fields, etc.) which may occasion the near shore areas in other 

seasons. Special en1phasis would be given to consideration of potential 

hazards to offshore facilities and operations created by near shore ice 

dynamics. A historical perspective of near shore ice dynamics will be 

developed to aid in determining the statist-icill rate of occurrence of 

ice hazards. 

. The data gathered here v10ul d be pro vi dcd on a timely basis to 

other investigators performing related tasks (detailed later). 

2 
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' 3. Expcclcd ltc'sults and Hcsults l{clalcd to Oth-er Studies JUN 3 0 1975-

Thctc arc tl-10 categories of results to be anticipated. The first 

category consists of direct data products \'Jhil e. the second consists of 

indirect data products, which will be combined with studies performed by 

others within the st~dy program. 

a) DIRECT DATA PRODUCTS: These products would consist of a 

morphology of Bering Sea neat shore ice and a series of maps 
' 

showing persistent locations. or ~3jor ice features including 

ice hazards within the near shore zone. These include the 

locations of large grounded pressure ridge systems, the loca-

tion of summertime pack ice visits to the ncar shore areas and 

the drift pattern of 'ice islands. The morphology developed 

\·lill provide a comprehensive picture of the development and 

decay of fast .ice and the description of the sea ice cover on 

the Alaskan Cont'inental Shelf. 

b) INDIRECT DATA PRODUCTS: The morphology developed would 
I 

yield information tm·Jard the determination of ice movement and 

deformation mechanism in the coastal fast ice zone. The icc 

type maps v1il1 indicate \vhere to apply data relating stress­

strain relationships to man-made and natural structures. The 

mapped pressure ridge locations and sites of ice groundings 

will provide data toward a predictive technique for ice 

scoring p1·ocesscs. The a ssemb l cJ dtt ta \·li 11 be of usc to the 

study of the relationship of living resources to the ice 

environment. 
• 

3 

062 



JUN 3 o ·,975 
4. Hclationsfi1r of This Study to Defined Tasks 

Tile objective of this proposed s lucly is to devc 1 op a conqwchcn-

sivc morphology of near shore ice conditions in the Bcl'ing Sea. This 

objective can be related in a primary \·lay to three NO!i/\-identified 

tasks: 1:£2 , A..:l 0 and Q.;.ll. --Task A-29 calls for the "assemblege and -
analysis of historical records and remote sensing data to provide a 

comprehensive picture of the development and decay of the fast ice .. 

II This task then considers the near shore areas in fall, winter and 

spring months. The primary data source for this project Ni 11 be ERTS 

and NOAA satellite irnager:-y and aircraft photography. Historical data 

will be assembled by another project (Hunt and Naske) and incorporated 

here. 

Task A-30 calls for "using remote sensing methods, quantitatively --
describe the sea ice cover on the Alaskan continental shelf including 

the temporal and spatial description of the extent, location, type and 

state of the pack ice in the Beaufort and Bering seas". This task is 

concerned primarily with summer months as far as the near shore areas 

are concerned. However, surruner pack ice behavior is still a major part 

of the morphology of near shore ice. 

Task ft.l3 is to "determine deformation mechanisms in the coastal 

fast-ice zone". Although a study to specifically analyze the mechanics 

of origin of pressure ridges, shear ridges and hummock fields in land-

fast ice will take place, other deformations of much larger size also 

occur l'lhich must be considered a part of the general morphology. Ana­

lysis of these deformations \•lill be made as part of this study. 

4 
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The objectives of this study can be sccond<1rily related to the 

follol'ling Lasks \'lhich are the primary rcsponsibil ily or ot11crs: Tusks 

~1, !3-12, !3-13 und Q:_!]. 

Task J\-31 asks for the "determinution of the relationship of --
1 iving resources to the ice environment". ·The results of the ncar shore 

ice study would yield comprehensive maps for the application of results 

of this task in a general sense to the entire coast. 

Task !3-12 is the "description and analysis of the large scale --
motions and deformation mechunisms of the primarily first-year ice in 

the region of strong shear, that separates the coastal fast-icc zone 

from the multi-year pack ice zone''. Much of the morphology of the 

shore-fast ice is determined by the large scale motions of the ice in 

the region of strong shear. Hence, there will, of necessity, be a 

relationship between the near shore ice study and the study(ies) related 

to Task B-12. --
Task !3-13 has already been regarded to be, in part, a primary --

responsibility of this study in terms of large scale ice deformations. 

This study is also related to the analysis of smaller deformations in a 

secondary sense in that those results must be taken into account \'/hen 

developing a comprehensive morphology. 

Task D-11 calls for "determination of the stress-strain relation--
ships of various types of sea ice encountered in the Beaufort, Chukchi 

and Dering seas in order to permit calculation of ice forces and loads 

transmitted from the ice to man-made and natural structures". The near 

shore ice maps should supply sites for tests of stress-strain lal'ls for 

sea ice agai~st large natural structures. 

5 
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The infonnJtion needed lo meet these objcclivcs arc not Jvaila!Jlc 

until the const1·uction und lawnch of the ERTS-1 s,1tcll ite. The imaaery 

from this system, n01·1 covering three freeze-thaw cycles, combined \·tith 

imagery 1vith NOAA satellites ~hould provide a good data buse. This 

comprehensive data should be suff~cient to give a reasonable perspective 

to the one year's research based on concurrent satellite and aircraft 

datil. This information, combined with field reports from other investi-

gations, should be sufficient to meet the task objectives. 

6. The Extent of Completion by September 30, 1976 

A morphology of near shore ice conditiohs based on 4 years• data 

can be presented by September 30, 1976. 

7. Related Research 

All research related to this study is being carried out by other 

OCS investigators and has been described above and elsewhere in this 
I 

work statement. Th~re is no need for detailed coordinatior1 between this 

study and any other in terms of input to this study. It is anticipated 

that other investigators 1·1ith first-hand field information 1·1il1 contri-

bute verbal reports on ice conditions they encounter. In terms of 

output. a number of other projects are anticipating sorne usefulness from 

the various products produced. These investigators include Garry, 

Shapiro, Sackingcr, Nelson and I·Jeeks. Here, no coordination is needed 

other than perlwps some early agreement on prodt~ct format. Some of the 

above subjects are discussed in more detail later. 

G 
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Dotu from ull seasons, rust and historical data \·lill be used to 

compile a series of maps of thd Gering Sea ncar shore areas denoting 

summer and fall pack ice behavior, fall freezing characteristics and 

grm·tth and decay of the fast ice zone. Particular attention will be 

paid to the behavior of large free ice features, hunmock fields, pres-

sure and shear ridges, open and refrozen leads, etc. A written mor­

phology associating ice behavior patterns with winds, storms, currents, 

temperature and bathymetric data will be developed (see, for instance, 

Stringer, 1974a). 

1. Sampling Strategy 

a) REt10TE PAST (preERTS): Data gathered by investigators 
,, 

analyzing historical records will be incorporated.into the 

morphology, generally to confirm persistent locations of major 

ice features or determine patterns of extreme behavior. This 

investigator anticipates continuous interaction with the 

investigators researching historical ice records. In conjunc-

tion \'lith them, a map of historical ice behavior will be developed. 

Historical information can be utilized to determine locations 

to give particular attention at present. Similarly, present 

data may give them udditional information toward interpre­

tation of historical data. 

b) IMI~EDI/\TE PAST; ERTS imagery will be combined \•lith aerial 

photographic surveys performed in the past by the author and 

others (N/\SA, USGS) to perform a detailed and comprehensive 

study of near shore ice previous to this time. Thus maximum 
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uLil·izulih~-I·Jill be 111adc of the 2-l/2 ycilrS of Erns data 1vhicll 

hilvc been collccLcd <lllcl ,wchivccl at the University of Alaska 

uns archives. It is anticipated that this duta Ciln be nearly 

as valuable as ERTS data taken during this study. IIO'IIcver, 

the project airborne t'en1ote sensing activities are ilnticipated 

to enhance the utility of present ERTS data over past ERTS 

datil. 

c) PRESENT: ERTS imagery combined with data from project 

remote sensing aircraft will be used to monitor the behavior 

of shore-fast and other ice within the near-shore zone. It is 

anticipated that interuction 1vill take place \·lith many other 

investigators st~dying related subjects (shear zone ice dyna-
,, 

mics, pressute ridge modeling, sea mammal habitat, etc.) to 

yield additional infor~ation for incorporation into develop­

ment of a coastal ice morphology. 
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IV. INFORMATION PRODUCTS 

A. Routine Data Products 

Maps of near shore ice conditions for each 18-day LANDSAT cycle with 

low cloud cover will be prepared at 1:500,000 scale showing locations of major 

ice features as determined from LANDSAT and NOAA satellite imaqery. At 

this scale, the estimated LANDSAT mapping errors are of the same magnitude 

as the finest detail which can be drawn. (At 1:500,000 scale, the estimated 

uncertainty of LANDSAT positional accuracy, 200 m -- see Colvocoresses, 

1973 --, is .4 mm.) These maps will be annotated with dates of ice events, 

ground truth information and any other data which becomes available. These 

maps wi11 fall in two categories: "on schedule'' and 11 retroactive 1
'. 

1. The 110n schedule" maps will be available as soon as the satellite 

data become available, interpreted and maps drawn. It is 

anticipated that this product will be available 90 days after 

data acquisition (see Section IX). 

2. The 11 retroactive 11 maps will be compiled based on existing 

satellite data for those years previous to funding as soon as 

the required data products can be identified and acquired. 

These maps will be produced starting with the earliest data 

first and will be completed by June 1976. 

B. Non-Routine Data. Products 

1. "Epoch Summary Maps". Whenever it appears that a major epoch 

has taken olace .(over a period of several LANDSAT cycles), an 

9 
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epoch coniposilc map Hill be prcpc~red ilt 1:500,000 scale 1·1ith 

accompunying text incorporutin0 ol!Jcr diJta (e.g., \·finds, 

currents, isolation, aircraft data not available 1·1hcn "on 

schedule" rnups arc mudc, etc.). Epoch maps \'Jill include a 

yearly summary map. 

2. "Special Event ~laps". Occasionally, ice features like the 

grounded floeberg at 72°N, l62 6 W develop which shaH particularly 

\·tell some beha~ioral pattern which illustrates general morphology or 

characteristics relevant to a single location. These events 

will be analyzed in whatever combination of temporal or spa­

tial resolution. that see.ms appropriate. (For instance, it is 

possible to perform digital. analysis of LANDSAT data at 

1:20,000 scale.) '• 

. C. Fi na 1 Data Products 

The final data product of this study will be a 'r'Jritten morphology 

of near shore ice conditions in the Beaufort Sea, illustrated by a 

series of maps at 1:500,000 scale and special event maps. The n~rpho-

logy will describe persistent near shore ice features and behavioral 
) 

patterns as well as an analysis of general behaviorial patterns. 

The range of subjects l'lill include: (1) Su111mertime visits of 

pack ice to the near shore a~eas and note of locations where pack ice 
l 

has been grounded or driven onshore. (2) Summertime icc island visits 

to the ncar shore areas. (3) Fall freeze-up characteristics in the neat" 

shore a rcas. ( 4) Development of shorefas t ice. ( 5) 1·1i d-\'li nter modi fi-

cations and changes within shorefast ice. (6) Interaction of shorefast 
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icc with shear zone icc. (7) 1'1oLions of and 1·1ithin sllorcfasL icc. (8) 

Springtime dccuy of the shorcfust icc. 

VI I. 01\Tii OR SAI·1PLE EXCHANGE INTERFACES 

This project does not require data from other investigators. 

(Remote sensing aircraft data is considered to be logistics.) HOI·Iever, 

we will seek first-hand observations from investigators doing field 

work. 

To n~ knowledge, only two projects require results from this 

project and those are Roger G. Barry• s study of cl itnate effects on shore­

fast ice and Sackinger and Nelson's study of the grounded floeberg. It 

is very pass i b 1 e that much informal exchange vii ll take place among the 

ice investigators. For instance, Shapiro has indicated an .interest in 

some of the data produced by this project. 

VIII. SAMPLE ARCHIVAL REQUIREMENTS 

There will be no samples which require archiving. 

IX. SCHEDULE 

A. Sample Acquisition 

l. Satellite Data. LANDSAT and NOAA II data are acquired on a 

fixed schedule and will be archived as part of another pro­

ject. Generally speaking, the sample acquisition is con­

tinuous. 

2. Aircraft Data. The schedule for aircraft data acquisition is 

not yet known. ~1y request wi 11 be found undct "Logistics 

Requirements". 



l3. f\nJlysis und lnfOl'llliltion lklivcry t·1il~:,Loncs 

This topic lws already been p.:~rtly covered under Section 'II, 

Information Products, and \'Jill be rcvici'Jed here. 

JUN 3 0 1975 

1. "On schedule" mups of shorcfast ice \·Jill be pr'oduccd 1·tithin 90 

days of LANDSAT duta acquisition provided that NASA/EROS 

schedules remain us they are at present. 

2. ••Retroactive" maps 1·1ill be generated starting l'lithin 60 days 

of funding. This lag is largely due to the time n~quircd to 

obtain 1:500,000 scnle LANDSAT imagery from the EROS data 

center. It is anticipated that all retroactive maps will be 

completed by June 1976. 

3. "Epoch summari• maps l'li 11 be produced \>Jhenever an epoch has 

been identified. Since the depth of analysis is much greater 

thi'ln for "on schedule .. maps, and can only come after either 

"on schedul e 11 or .. retroacti vc" maps have been compiled, they 

will most likely follow the last of these maps in the epoch by 

at least 30 days but not more than 60 days. 

4. "Special event" maps are, in terms of scheduling, identical to 

epoch summary maps. 

5. Final Data Product. It is anticipated that the final data 

product, a morphology of Uering Sea shorcfast icc, including 

all LANDSAT data rP.cP.ived up to June 30, 1976, will be nvnilable 

September 30, l97G. 

C. In Lcrfaces \'lith Other Projects 

Several points of inte1·face \vitll other projects \·Jere discussed in 

Section V. All of these involve rather continuous com1nunication ilmong 

1 ? (l '') 1 
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invcstigulOI'S, but tlOSpccific dulCS for CXChanue of datil pl'Oclucts. 

llovwvcr, tllCI'C Jre t\·Jo roinls of interface I am cuncnLly a\'larc of \·Jilen! 

timely interface is tequired: 

1. Idcntificiltion of useful LANDSAT scenes as provided by the 

remote sensing project. At this time the University of Alaskil 

duta urchivist receives a'printout of available LANDSAT images 

approximately 42 days after the scenes are obtained. The 

locations of the scenes are plotted on a map overlay from 

which data selection can be made. We anticipate the ability 

to submit our data product requests to the EROS data facility 

within five days of the receipt of the available data printout 

by the remote sensing project. 

2. Delivery of "on schedule" shorefast ice maps to project en­

titled "Study of climatic effects on fast ice extent and its 

seasonal decay along the Beaufort Sea coast''. We anticipate 

that their interest will also extend to the Bering Sea. I 

estimate that the time required for delivery of these maps is 

90 days after the data is taken. This lag is based on the 

following: A lag of 42 days between data acquisition and receipt of 

printout; 5 days for identification of useful scenes and sub­

mission of order; 21 days for delivery of data products from 

Sioux Falls; and 14 day~ for preparation of maps (average). 

"Retroactive" maps for data already in existence \·fill be 

prepared on a production basis starting \'lithin 60 days of 

funding (see item 2 under B ubove). It is anticipated that 

these will be made for the earliest LANDSAT coveruge first and 



JUN 3 0 1975 
· . .....__ 

\'lork will proceed to1·tard the duta obtuinecl just before the 

start-up elate of this IJI'oject. It is onticipated thJt this 

data 1·1ill be co1nplctc by June 1976. These l'li1l. be supplied to 

the studj:' 'on climatic effects on fast ice as soon as they were 

prepared. 

I am 1·rilling to include on these "on schedule" and "retroactive" 

maps additional information ~>thich may be required by other studies, and 

allm·1 other investiga.tors to impose threshold criteria for determination 

of certain conditions. For example, Roger Barry may determine the 

criteria for identification of puddling during the decay of fast ice. 

In this \'lay, my data products wi 11 be most useful to others a 1 ong the 

analysis chuin. 

X. EQUIPMENT REQUIREMENTS 

As listed in XII Cost. 

XI. LOGISTICS REQUIREMENTS 

Logistics requirements for this project are limited to airborne 

photo and SLAR reconnaissance missions performed by the project Mohawk 
I 

aircraft. Gelow are listed the desired flight lines, dates and data 

requirements: 

1. Spring/Summer 1975. Ten transects perpendicular to the coust 

to a distance of 50 km J.t equally spaced intervals from \·lales 

south to Dillingballlyielding stereo pair photography by the 

r~C-8 mapping cumera at 1000 111 altitude and \·ride field photo-

graphy aL 5000 111 altitude, SL/'11~ at 25 km range. 

2. Nove111ber 1975. Same as 1. 

111 
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3. December 197S. Su111c fli0llt lines (1s 1. l11 addition, a 

flight line from \·Idles to Dillinghilm v1ith SL/\R at 25 km rang~ 

and return ilt 100 km range. 

4. January 1976. Same as 3. 

5. February 1976. Same as .3. 

6. March 197G. Same as 1. 

7. April 1976. Same as 1. 

8. May 1976. Same as 1. 

9. June 1976. Same as 1. 

071 
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I. TITLE: [xpcrimr~ntill 1·1cusurcmeJ1ts of Sea Icc fililutc Stresses llcar 
Grounded Structures 

II. PRitJCIP/\l IINESTIGATOR: Hiclwrd D. nelson SS# 342-30-8946 
Associate .Professor of 1·\echanical Engineering 
University of Alaska 
\olilliam H. Silckinger SS# OR4-30-8305 
Associate Professor of Electrical Engineering 
University of Alaska 

I I I. GEOGR/\PHIC /\REI\ AND INCLUSIVE 0/\TCS: Gcuufort Sea 
1 r~ay 1975 - 30 September 1976 

IV. COST SUi~l~lAf~ Y 

rv 197 s FY 197 6 
thl'OUQh June 30, 197 5 July l, l975 __ _:_~_g,Pt. 30, 1976 

$26,402 $37,798 

v. PROPOSED RESEARCH 

1\. Background and Objectives 

Offshore structures tot oil exploration and development in the 

8eaufort Sell ure likely to be attnL:Jecl fir-lilly to the sea fluu.·, eitli~. 

by pilings driven into the sediments, or by virtue of their own \·Ieight. 

Tl_1ey must be strong enough to withstand the forces of moving ice, and 

must neither move nor break during pet·i ods of intense ice activity. 

This proposal addresses Objective Dll listed in the /\pril ll, 1975 n:emo 

from John II. Robinson_, Deputy Oirectot, NO/\A Harine Environmental 

Assesslllcnt Program. Objective 011 aims at information required for the 

direct or indirect calculation of ice forces \·Jhich may be transmitted to 

man-nwue Ol' natural structures in arctic \·Jatcrs. This program proposes 

i\ direct lllCi\surcment of the stresses on an icc sheet iiHpinging on a 

fixed olJstaclc by tJking advontagc of a nJturul1y-occuiTing g1·oundcci ice 

floebcr~. located about 100 miles nortiMcst of !3anoH, as a convenient 

and incxpens.ive altcrnutive to a multi-million dollar man-made test 

l 
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structun~. This ~.p·oiJJH.!Nl icc fcilLul·e consi~;ts of r·id~Jes of mu1ti-ycnr 

puck ice l"illicll lluve grounded on il shoal in c:~bouL 25 to ~0 meters of 

\'later depth, producing intense ridging and icc lead activity around the 

fca ture, 1·1h i ch tends to build and rei nfo1·ce it. 

Approuclles to ice load cstinwtion in the Arctic have been pt·i-

marily bused upon theoretical calculations assuming continuous, homo-

geneous sheets of icc. It is generally assumed that the forces on a 

single piling \':ould be limited by the crushing strength of the ice \·ihile 

the forces on a group of pilings or an extended structure v10uld be 

1 imi ted by buck 1 i ng of the ice during pressure l'i dge generation. Neither 

mechanism is \'le 11 unders toad because most icc strength tests to da tc 

have been limited to s111all samples 1·1hich do not incorporate the inhorno-

geneitics present in full size floes of sea ice. Also there is the 

possibility of large average compressive stresses during buckling for 

which no experimental data is presently available. 

In order to establish design criteria for loading of offshore 

structure by ice motions, it would be necessary to fully understand the 

stress and strain behavior of an ice block of the orde1· of a 1 mctet· 

cube, incluclin9 its failure Cl'itcria. It 1·1ould also be nccessa1·y to 

extend these propc1·ties to full size sheets of ice sevctal kilometers in 

extent and to understand the mechiJnics of buckl in9 l'lhich govern pressure 

t•idge fonnt1tion. Finillly, it I·JOuld be necessary to knol'l the mechanisms 

of icc ~.heel loodin9 d11c to 1·1incl or pack icc motion und typical l'ulcs of 

advance of tile icc sheet. 

An alternutive opprollch is to meusure the lauds ilctually induced 

on c1 fixed s ttuc lure or the s trcs scs in tile sutround i ng ice du1·i n~l 

typicnl events of icc 1notion. This approach is more direct, but rcquit·es 

2 
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a body of d~1ti.1 sufficiently ll1ruc 1o for111 a statisticol lll1Sis for p1·c-
. . 

diction. In fact, both approadJCS are necessary and CUlllplclllentary. 

Hescarch related to this proposal has been curried out by the 

present authors in the NO/\/\ Sea Grant Progrolll at the University of 

Alaska since 1973. In thot progralll, stresses 1n landfast ice have been 

measured extensively. Hmvever, due to ice conditions and logistics 

problems, no measurc;nents have.been accomplished in regions of intense 

ice activity. The authors of this proposal have also medsun.~d stresses 

in active ice ncar an artificial island in McKenzie Bay in a proprietary 

prog1·am funded by Imperial Oi 1 Limited. 

The results of this proposol should provide, by September 30, 

1976, several measurements of the maxi111un1 stresses generated durin!) 

pressure ridge formation at a fixed obstucle. This data \·Jill provide 

the kc-nal of a statistical ba~is for predicting ice loading. 

8. Hethods 

At the University of /\laska an ice stress transducer system has 

been developed 1·1hi ch hus been used successfully for 3 years to measure 

in situ the internal stresses of an ice sheet. It is proposed that 

several of these systems can be imbedded in the ice sheet adjucent to 

the flocberg, l'lith data transmitted by cable or telemetry to a central 

site on the flocl>crg. /\s the pack crushes aguinst tile flocberg, icc 

stress buildup would be recorded until the point of final destruction of 

the ~aut]e at the flocbetg. Concurrent measurements of ice motion \·Jill 

also be obtained. From these mcosuremcnts it should be possible to 

evaluate the fractLwe strength of full scale ice sheets when driven 

a~1<linst a larac botto111 founded structure ut naturally-occurring velocities. 

3 
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This dota \'!ill p1occ lm·Jct limits on the required strenr~th of mun-ntiH!e 

structures to be ploccd in icc bound waters. 

The stress 9ouges 1·1hich \·Jill be used in tllis pro9tarn arc essen-

tially stiff load cells 1·1ltich are embedded in the ice. /\s discussed l.Jy 

Nelson et al. (1972) and by Nelson· (1975), the tronsducer is capoblc of 

measuring stress in the icc, regardless of the cnsueing strain, only if 

it is stiffer than the surrounding medium. These transducers 1·1ere 

developed by Nelson et al. (1972) ~petifically for stress analysis in 

sea ice and they have sho1-m experimentul-ly that the load measured by the 

transducer is directly proportional to the stress ir1 the surrounding 

ice. A single proportionality factor has been found which applied for 

both short duration quasi-elastic tests and creep tests of several days 

duration, and which also applied when the ice was stressed to over 80% 

cf H3 ultin;atc crushing strength. The tr.:.nsducers are 1-l/2" diaillcter 

by 6" brass cylinders \·Jith l/4'' diameter by 3/4" long studs at each end. 

Steel washers welded to the studs provide a grip for measuring tensile 

stress. The transducers are sensitive only to axial loads and hence 

meusure the stress tensor component along their axis. 1\ model"ate 

transverse sensitivity has been noted by Nelson et al. and can be accounted 

for in calculations; thus, an arrny of 6 transducers can be used to 

eva 1 ua tc the cnt ire stress tensot in a l"egi on. IIOI•tever, the transducers 

must be scpJriltcd by at least 12 inches to avoid influencing one unothcr. 

It muy be desirable to design snwller transducers or a multi-axial 

transducer lo evaluote Lhe stress in the region of a sin9le point. If 

so, Nelson (19/S) has given a technique to facilitate numerical analysis 

of the behuvior of transducers e111bcdded in a visco-elastic 111cdium. 

4 
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The str·ess triui":';c.luccrs and tlwil' <1S5ociiltrcl clt~cLron·ic cquip~ncnt 

have been used in Lhc field lo 111ea:.ure stresses in ~;lwn~ fa~>t. ~;c~J ice at 

Point GutTOI'-1 (Nelson, 1974), nround artificial islonds in the lkl~enzie 

Delta (l~e1son and Sockinucr, 1174, 197Sa), in ftcsh \·tater icc being 

ctushed by a 12-foot 1·ddc inclcntet~ (Nelson and Sackinger, 1974, 1975a), 

and in large scale bending tests o'f sea ice at Resolute Guy (llelson and 

Sackingcr, 1975b). 

Activities -April l, 1975 to Junr:; 31, 1975 

The first three months of this progt"Jin have t1·10 objectives: 

l. To perform a pteliminary reconnaissance of the 
fl o e be r g to cJ ~; s e s s t h c r ,, t e a t v1 h ·i c h i c e a ct i -
vity occurs cJncl ilny environmental factors 1·1hich 
vmuld influence the instrumentation selected 
for further work. 

2. To purchase or construct the required instru­
mentation ancl equipment. 

An aeri J 1 rcconnJ i ssance of the fl ocberg 1·1i 11 be made during the 

\'leek of t·1ay 12-16, flying from the Naval Arctic f~esearch Laboratoty at 

BarrOI'-1, Alaska. The results of this flight, together l'lith information 

from 1\ustin Kovucs of the U. S. At·my Cold Regions Rescurch Laborutory, 

\·tho lws lunclcd on the ice at the floctJetg, along \·lith such informution 

on icc velocities in the region as may be gained fro111 satellite photo-

graplly, 1·1ill be used to select bet1·1een te1cmctcrccl and cabled data 

acquisition systems. The bucl9et for this period includes 10 transducers 

cablc-conneclcd to 10 amplifiers and cllat't recorders. Ten spcwc truns-

ducers are also included. If telemcll'.Y links Jl'C l·equircd, fCI'Iet~ ttans-

duccrs 1vill be constructed so as to st.1y vlitllin the budget. 
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l.o ScjJU:Jn[lCl' 30, l ~J7G 
- -~~· --~-~-~-- -~--~-~~-~-

' 

The cxprJt'itJtcnl 1·1i ll be '·' ·!1duc led scvcrol l imc~; rlut·i II<J lhe Yt'<1F, 

since the lCillpcruture and sulinHy distribution in Lhc icc arc functions 

of the season. Fur.tllcrmorc, the open leads on the lee side of the 

flocl>crg refreeze in \-tinter, giving thin, \·/C~ilkcr icc 1·1hicl1 filils n1ore 

rcudily thun tlw multi-your ice sheet. Expct"ilncntill periods 1·Jill pro-

bab ly occur in October, Ha rch and 1·1ay. In each experiment three or more 

transducers 1·1i ll be p 1 aced near the fl oeberg and monitored cant i nuous ly 

as the ice udvances. The exact number <111d placement of transducers 

depends upon the experience gained Juring the first trip in May 1975. 

If there is the possibility of recovering instruments frum the ice after 

failure, more transducers cun be comlllitted during each test. Actual 

p l ucerncnt of the transducers and activation of the equi pmcnt 1·1i ll take 2 

to 3 days for each test. Data guthering will continue ovel' at leust 

another 5 duys, although it l'lill not be necessary for the cre1·1 to be 

pr.csent during this time. Salinity profiles and ice temperature measure-

ments \·Jill be obtained for each test rwt'iod. 

During the time thut the exper·i111ental site is occupied it will be 

possible to meusure the rate of i.ldvance of the ice sheet by means of 

interferometric surveyin9 equipment \·Jhich lvill be supplied by the Uni-

versity of 1\laska. Outing other times, time-lapse photography 1·rill be 

u:.cd to monitor the positions of sevcrul targets placed on the icc and 

this datJ w·ill be used to evaluate ice velocities. In addition, experi-

1ncnlJl pct·iods \·Jill be selected to COlTesponcl to the ti111es of ERTS 

sutell itc coverage to provide some knmvledge of the ovel'oll ice motion 

in the region. 
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l~elson, R. D. ilnd \.J. Sackingcr, 1974. rinal rr.po!'l on icc stress 
mcasut·ctncnts il t Ad go Is lund. Presented to lntpcri ,11 Oi 1 L tel., 
Calgat·y, Albcrtil, University of /\luskil, Gcophysicul Institute, 
Confidcntiul. 

Nelson, H. 0., 1975. Intctnal stress measurements in icc shr.cts using 
cmbrdclcd load cells. To be presPntccJ at PO/\C '7G conference to 
be held at the University of Alaskil, August 1"1-15, 1975. 

Nelson, R. D. and\·!. Sackingcr, 1975a. \·/ork in progtess, University of 
Alaska, Geophysicill Institute. 

lielson, H. D. and \1. Sackinger, 1975b. Hork in p1·ogrrss, University of 
Alaska, Geophysical Institute. 

VI. INFOIU·1ATION PRODUCTS 

Tile duta obtuined will be directly interprctuble as stress at the 

location of the trilnsduccr. The duta from the severul transducers in 

each test v1ill be corrclilted with observed icc motion and fuilure modes 

to estublish minimum values fQr str·csses in rnoving icc ncar a large 

static obstacle. 1\ report includinq data and analysis will be provided· NOAA 
prior to September 30. 1976. 

VI I. D/\TA OR Sf\t.1PLE EXCHAr~G[ HHERFJ\C[S 

A complete librury of UnS satellite ill1J0Cl'.}' of fllaskil 1S ilVilil-

able tht'OU!Jh the University of /\luskil GC'opliysical Inslitute. In udditio1t, 

Dr. \·/illium Strinucr, at the University of AlaskJ, is \·:m·kin!J \·lith icc 

veloCity informlltion obtained from ERTS illl,liJCt'Y of the Jt'ca or the 

flocbcru and these datn \•till be uvailuble for usc 111 this proposed 

ptoj ec t. 
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VIII. S/\IWLE /\I(CII!Vfli. HL:QU11UJ1UHS 
JUN 3 0 1975 

N/1\ 

IX. SCIIEDULE 

. NOTE: Exact dotes of experiments in October 1975, l·k1rch and 1·\ay 

1976 depend on dates of ERTS fly-by \'lhich arc as yet unJnnounccd. 

t·\ay 1 2- 1 7 , l 9 7 5 

11ay 20-0c t. l , 197 5 

Octobct 1975 

Fcbruaty 15, 1976 

f!,arch 1976 

t~ay 1976 

September 30, 1976 

X. EQU I PHENT REQU I REt~ENTS 

Reconnaissance of experimental area 

Purchase, manufacture, test and cali­
. bra te cxperirnenta 1 cqui pment 

Expel"i1ncnt I at fl ocberg 

Data reduction from Experiment 
complete 

Experiment II at floeberg 

Experiment III at floeberg 

Final Report 

/\11 special experimental equipment vdll be assembled at the 

University of Alaska and is included in tile budget fo1· this project. 

Equipment for subsistence and survival is included in logistics re-

quested fl'om NOAA. A time-lapse camera will be purchased. 

XI. LOGISTICS REQUIHEf1ENTS 

All to be supplied by NOA/\. 

~ 97_5_ - One round tl'i p to fl ocbc1·g (approx. 3 IIOUl'S) by 

fixed 1·1ing aircraft. Tv10 people, no cquiplllcnt. 

October 1975- T\-10 round trips to floebcr9, app1·oximatcly 10 

days opal't, 3 persons, vJith 200 pounds b(199J9c. Also one 
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JUN 8 0 197~ 
round lrip to brinu i11 hut unci supplies, appr,oximatcly ~UCJO 

lb. Ucpcndin9 on conditions or the 1cc, fixed \'/inu aircruft 

may be accept<1blc. llclicoptcr rnu'st be available for instrument deployment 

during experimental period. 100 to 150 miles from Garr0\'1, 

1\laska. 

l·1Jrch 19/G - T1-10 round trirs, arproximately 10 duys ap<1rt, 3 

persons, 500 pounds supplies. Fixed wing or helicopter. 

l!el icopter must be available for instrument deployment. 

l·luy 1976 Tvw round trips, upproximJtely 10 doys upart, 3 

persons, 500 pounds supplies. One round trir to remove hut 

and other equipment, 4000 lb. fixed wing or helicopter de- • 

pending on ice conditions. Helicopter available for instrument deplo.YIJ1en 

L od 9..1..!}.9. 

Due to tile possibility of bad weuthcr prcvent·ing imme­

diate transportation from 13arrovJ to flocberg, 12 man-days 

lodging are requested at the Naval Arctic Research Laboratory 

at Barrow, 1\laska, during each experimental period: Nay and 

October 1975 and ~lurch Jnd ~lay l97G. 

Food and She 1 tct' 

A 1·:ood Ot' metal buildinu will be required at the floeberg 

for she 1 tcr due to the presence of po 1 a r beat'S. The she 1 ter 

should be heuted, sleep 3 Jnd 11.1ve gasoline or kerosene stove 

Jnd lights. Food for 30 mJn-duys 1·1ill be rcrJuired dul'inu each 

experiment, Jnd food for anoth~r 30 rnan-duys should be on hand 

for emcrucncy. Slecpinu baus for 3 men 1·1ill be requit·ed. A 

tl'lo-way radio capabl c of conmunicat ing 1·:i th BJtTOv/ wi 11 be 

rcqui red ilS I·JCll as three personnel locM.m· bracons to be 

carried by cre1-1 mcn1bct·s. 
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RESEARCH UNIT #261/262 
\~ORK STATEMENT 

I. Title! Beaufort Sea Historical Baseline Ice Study Proposal 
I 

II. Principal Investigators: Dr. Wil1iam R. Hunt, 
Professor of History 
SS#: 532-22-1162 

Dr. Claus-M. Naske, 
Associate Professor of History 
SS#: 574-12-5479 

University of Alaska 
Fairbanks, Alaska 99701 

III. Geographic Area and Inclusive Dates: Beaufort Sea 

IV. Cost Summary 

FY 1975 
through June 30, 1975 

$26,340 

V. Proposed Research 

June 2, 1975-Sept jO, 1976 

FY 1976 
July 1, 1975-Sept 30, 1976 

$21,660 

JUN 3 0 1975 

The investigators will search, evaluate and synthesize the historial 
literature relating to ice conditions and movements in the Beaufort 
Sea. Data on the past location and behavior of the coastal fast ice 
and shear zone ice movements, leads, and thickness will supplement 
satellite studies. 

The investigators also expect to find data relatinq to ice islands, 
large ice rubble piles, ice buildup on offshore islands and unusual 
pressuring. Archival work so far indicates that recorded observations 
of the sea ice environment made over the last 125 years includes 
considerable data on wildfowl and marine mammal populations, locations, 
and movements. 

The historical data accumulated will be reported quarterly, in a form 
which can be utilized as the basis for cartographic representation if 
so desired. An atlas that combines historical data with satellite 
observations could be the ultimate product. 

No historical data relating to Beaufort Sea ice phenomena has been 
systematically gathered nor interpreted. The investigators have 
corresponded with the National Archives, Canadian Archives and 
appropriate whaling museums and shipping companies. One of the 
investigators spent a week in Washington, D.C. and made a survey of 
available materials. Dr. William R. Hunt, the other ihvestigator~ 
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JUN 3 0 1975 

at this writing is working at the National Archives in Washington, ' 
D.C. gathering data from amongst the records of the U.S. Hydrographic 
Service and from the logs of the U.S. Revenue Cutter Service in the 
Old War Records section. 

Correspondence with archival personnel and personal visits made so 
far indicate that the investigators will be able to gather, compile, 
analyze and report the information sought by September 30, 1976. 

Methods 

Historical research involves scanning large volumes of written records 
for the desired data. Once found it has to be verified and then copied 
in abbreviated fashion. We are planning to record several kinds of 
data separately, such as observations on shore erosion, large ice 
rubble piles, unusual pressuring and observations on the populations, 
locations and movements of marine mammal populations. 

VI. Information Products 

The investigators will write a narrative report quarterly describing 
the progress of work. At the end of the contract, copies of data 
collected in various categories will be submitted and a final narrative 
report describing average and extreme conditions will be indicated. 

VII. Data or Sample Exchange 

The investiqators have contacted researchers involved in OCS projects 
in the Geophysical Institute and the Institute of Marine Science at the 
University of Alaska and asked if there is any information we might 
find in the course of our research which might be useful to the other 
projects and which we should collect. We anticipate working closely 
with remote satellite sensing and ice physics projects. 

At this point we are unable to say exactly which data resulting from 
our research will be required by other principal investigators. 

VIII.Sample Archival Requirements 

Archival requirements will be simple since the information will be on 
index cards classified according to subject matter and should be easily 
accessible. 

IX. Schedule 

William R. Hunt, two trips of two weeks duration each, one to the 
National Archives in Washington, D.C. and the Canadian Archives in 
Ottawa. Canada. Research will be conducted in the Old War and Navy 
records, Hydrographic Office materials and Department of the Interior 
documents. In the Canadian Archives the logs of Arctic traders will 
be researched. 

Claus-M. Naske, two trips of two weeks duration each, one to the 
National Archives in Washington, D.C. and to a whaling museum in 
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JUN 3 0 1975 

New Bedford, Massachusetts. Research will be conducted in the Polar 
Archives at the National Archives and in logs of whaling ships in New 
Bedford, Massachusetts. 

William R. Hunt will spend two months in the Archives of the University 
of Alaska researching published and unpublished materials. 

Claus-M. Naske will spend one and three-quarters months in the Archives 
of the University of Alaska researching published and unpublished 
materials. 

X. Equipment Requirements 

Not applicable. Historians need paper, pen and typewriter and index 
cards as well as patience and ability to unearth the material. 

XI. Logistics Requirements 

None required 

3 
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I. 

II. 

Title: 

RESEARCH UNIT 1!265 /.---"' ·· · 

ALASKA MARINE ENVIRONMENTAL ASSESSMENT PROGRAM 
WORK STATEMENT 

JUN 3 0 1975 

Development of hardware and procedures for ~ situ measurement 
of creep in sea ice 

Principal Investigators: Lewis H. Shapiro, Assistant Professor of Geology 
SSI!: 117-26-5144 

William M. Sackinger, Associate Professor and 
Head, Department of Electrical Engineering 

sst!: 084-30-8305 

Richard D. Nelson, Associate ~rofessor of 
Mechanical Engineering 

SSI!: 342-30-8946 

University of Alaska 
Fairbanks, Alaska 99701 

III. Geographic Data and Inclusive Dates: Beaufort Sea OCS Area, Apr 1, 1975 
to Sept 30, 1976 

IV Cost Summary: 

FY 1975 
through June 30, 1975 

$4,345 

V. Proposed Research 

A. Background and Objectives 

FY 1976 
July 1, 1975-Sept 30, 1976 

$111.855 

This research falls within the general task heading "Hazards" and 
specifically within the category "Ice Forces". 

Studies of creep in fresh ice have been conducted for many years, 
often with the objective of examining the long term flow of glaciers. 
In this case stresses remain relatively constant and the secondary 
creep stage is of prime interest. For sea ice in its natural setting 
however, stresses are seldom constant for more than short periods 
of time, but instead, change rapidly with variations in wind directions, 
currents, or internal stresses induced by motion of the pack under 
forces applied at a distance. Thus, the entire creep curve, including 
both primary and secondary creep, is of interest, as well as the 
transition from creep to fracture. The ultimate objective of this 
project is to generate the data necessary for establishing the creep 
properties of sea ice through in situ testing. The objective of the 
work proposed here is to conduct the necessary hardware development 
for these measurements to be made. 

Previous work on the determination of creep properties of sea ice 
was reviewed by Weeks and Assur (1967). The work of most direct 
interest to us is that of Tabata (1958) who performed a series of 
in situ tests using cantilever and fixed end beams. In these tests, 
a constant load was 

1
applied to the beam and .the deflection at that 

point was measured as a function of time. The resulting curve of 

1 
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deflection vs. time has the form of a cre.ep curve, and the constants 
for a 4-parameter, linear viscoelastic model were derived from it. 

Peyton (1966) conducted a laboratory study in which cylinders of 
natural sea ice were subjected to constant tensile or compressive 
loads of different magnitudes to generate creep curves. Loads were 
removed after the creep curves were established, and the elastic 
components of the deformation were recovered. Unfortunately, for all 
but a very few of the tests, no information is given regarding the 
temperature, salinity, or crystal orientation of the test specimens. 
These parameters can be expected to influence the behavior of the 
specimens, so that interpretation of the results, for the purpose 
of determining the parameters of a stress-strain law, is likely to 
lead to a broad distribution of results. Peyton did not include any 
analysis of the results of these tests in his final report. However, 
most of his unpublished notes and laboratory records are archived at 
the University of Alaska, and it is possible that some of the information 
needed to fully characterize the test samples is included with them. 

Creep curves for fresh ice show a pronounced increase in strain rate 
following the initial decrease leading to the secondary creep s2age, 
for the case of loads above some threshold value (about 4 kg/em). For 
sea ice, Peyton's (1966) data show a similar effect, but with the 
increase in strain rate restricted to a short time period, after which 
the rate decreases again. This introduces an obvious "kink" into the 
curve. Karlsson (1972) interpreted this effect as an example of 
strain rate-dependent yield, and developed a three-dimensional 
viscoelastic-plastic stress-strain law from which good approximat~ons 
to some of Peyton's one-dimensional, experimental curves have been 
calculated. Note, however, that the effects of salinity, temperature 
and mechanical anisotropy are not included in the law. 

Finally, a detailed laboratory investigation of the viscoelastic 
properties of sea ice has been outlined by Katona and Vaudry (1973), 
but there is no indication as yet that the work is being carried out. 

The problem of translating results from laboratory tests to field 
conditions is well known in many branches of science, and is likely 
to be an important aspect of studies of the creep behavior of sea ice. 
It is difficult in the laboratory to simulate the effects of strong 
temperature and salinity gradients, variations in grain size and ice 
fabric, and the presence of inhomogeneities on scales larger than 
laboratory samples. Further, in nature, these properties vary 
continuously in s.pace and time through a growing ice sheet which may 
reach two meters in thickness. A program of determining the creep 
properties of sea ice in situ is thus needed to supplement and verify 
laboratory results. ------

The major problems to be solved in this study are: 1) howe can a 
dominant horizontal stress field of known magnitude and geometry he 
generated in an ice sheet on scales up to 1-2 times the ice thickness 
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and, 2) hvw can stresses and strains within that stress field be 
measured with minimal disturbance to the fieid, Further, the equip­
ment used must be simple enough so that a large number of tests can 
be run in a relatively short time. Long term tests (i.e. in excess 
of several days) are probably not required, because loads of constant 
direction of durations greater than this will probably not be en­
countered in nature. 

In order to meet these objectives, three types of instrumentation 
are needed; a loading device, a stress sensor, and a strain sensor. 

Most of the loading stresses will be generated with flat-jacks. The 
use of these instruments for measuring stresses or mechanical properties 
of rock in situ is well established (Jaeger and Cook, 1969; Hoskins, 
1966), Briefly, flat-jacks consist of two plates of any suitable 
material fastened together along their edges to form an envelope. They 
are loaded by pumping a fluid between the plates which causes an 
expansion of the envelope. The geometry of the expanding plates 
is such that a uniform load is achieved over about 90% of the jack face. 
Loads will be generated by freezing the flat-jacks into slits cut 
vertically into the ice sheet, and then expanding the flat-jacks using 
a suitable fluid, Both uniaxial and biaxial stress fields can be 
generated in this manner. 

The nature of the stress and strain sensors is undecided at present, 
and their design and fabrication is an important part of this project. 
However, we have designed, built and employed transducers for measuring 
stress in sea ice (Nelson et al., 1972.; Nelson, 1975) and are familiar 
with the requirements of such systems. In general, in order for a 
transducer to measure stress, it must be stiffer than the medium in 
which it is embedded. The systems developed by Nelson et al. (1972) 
have been experiementally shown to measure loads which are directly 
propertional to the stress in the surrounding ice. A single pro­
portionality constant has been found which applies for both short 
duration, quasi-elastic tests, as well as creep tests of several days 
duration. Further, this factor also applies when the ice is stressed 
to over 80% of its crushing strength. The experience gained in the 
design of this system will be valuable in developing the modified 
stress transducers which will be required to obtain multi-axial data 
to meet the ultimate objective of this project, The technique to be 
used for measuring strain are modifications of those commonly used 
in other fields of engineering and rock mechanics. Surface strains 
can be measured with dial gauges and with L.V.D.T. continuous reading 
extensometers. Strains internal to the ice sheet will be measured 
with embedded strain transducers which will be designed especially for 
this project. The requirements demanded of these instruments are 
that they must be capable of sustaining large strains associated with 
creep, and their effective compliance must be low so that they readily 
deform with the moving ice, rather than respond in the manner of stiff 
stress transducers. 

3 
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Hheh the insttumentatiori is developed and tested, it will be possible 
to load a given volume of ice in situ, and then record the stress 
and strain simultaneously at v;rious points within that volume. By 
controlling the loading through the flat-jacks, creep and relaxation 
tests can both be run, and the data obtained can be multi-dimensional. 

As noted above, the first step toward development of a three­
dimensional, visoelastic-plastic stress-strain law for sea ice has 
been given by Karlsson (1972). The data obtained from the experiments 
which we intend to do, following development of the instrumentation, 
will provide the parameters which are presently missing from the law, 
and allow its evaluation and modification if necessary. 

We anticipate that the development, testing, and modification of the 
requisite equipment can be completed by September 30, 1976. 

We are not aware of any related work being conducted under the OCS 
Program, although related studies are in progress within the oil industry. 

References Cites 

Hoskins, E.R., 1966, An investigation of the flatjack method of measuring rock 
stress; Int. J. Rock, Mech. Min. Sci., vol. 3, p. 249-64. 

Jaeger, J.C., and N. G. W. Cook, 1969, Fundamentals of Rock Mechanics: Methuen & 
Co. Ltd., London, 513 p. 

Karlsson, T., 1972, A viscoelastic-plastic material model for drifting sea ice; in 
Sea Ice, Proc. Conf., Reykjavik, Iceland, May 10-13, 1971; p. 188-195. 

Katona, M.G. and K. D. Vaudrey, 1973, Ice engineering -- summary of elastic properties 
research and introduction to viscoelastic and non-linear analysis of saline 
ice; Tech Rpt. R797, Naval Civ. Eng. Lab., Port Hueneme, Cal., 67 p. 

Nelson, R.D., 1975, Internal stress measurements in ice sheets using embedded 
load cells; to be presented at P.O.A.C. 1975 Conf. U, of Alaska Aug. 11-15 
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Nelson, R.D., Taurianen, M., and Borghorst, J., 1972, Techniques for measuring stress 
in sea ice; Inst. of Arctic Environ. Eng. Rpt., U of Alaska. 
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Tabata, T., 1958, Studies on visco-elastic properties of sea ice; in Arctic Sea 
Ice, U.S. NAS-NRC pub. 598, p. 39-147. 

Weeks, w·.F., and A. Assur, 1967, The Mechanical Proper~ies of Sea Ice; CRREL 
Monograph 11-C3, 94 p. 
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B. Methods JUN 3 0 1975 

A review of published data was given above. The unpublished laboratory 
notes relating to Peyton's (1966) work are available to us and will be 
examined to determine whether the necessary temperature, salinity and 
grain orientation data are available. If they are, then the creep curves 
will be analyzed to develop a one-dimensional form of Karlsson's (1972) 
viscoelastic-plastic stress-strain law for comparison with the in situ 
test results. 

Tests of various transducers and loading configurations will be 
conducted in the field during the time interval January-May 1976. 
Laboratory work associated with the initial design of the transducers 
will be conducted prior to the field season, and any necessary modifications 
will be made and tested in the laboratory following the field study. 

VI. Information Products 

The results of this work will be presented in a final report, detailing the 
design of the instrumentation, equipment testing procedures used both in the 
laboratory and in the field program, and evaluation of the equipment test 
results. 

VII. Data or Sample Exchange Interfaces 

We are not aware of any other OCS investigators who will routinely require 
the results of this work, not do we require data from other studies. 

VIII. Archival Requirements 

None 

IX Schedule 

1) April-May 1975-Preliminary field work to include an experiment to evaluate 
the disturbance to the temperature field of the ice sheet caused by introduction 
of a flat-jack, and emplacement a:nd loading of several flat-jacks to determine 
design parameters. 

2) June-December 1975-Design, laboratory testing, and construction of stress 
and strain sensors and modified flat-jacks. 

3) January-May 1976-Field testing program to be conducted at NARL, Barrow, Ak. 

4) June-August 1976-Evaluation of equipment tests in the field will be con­
ducted, and any modifications in the instrumentation will be tested in the 
laboratory. 

5) September, 1976-Preparation of final report. 

X. Equipment Requirements 

Fabrication of customized stress and strain measuring equipment is detailed 
in the budget. 
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XI Logistics Requirements JUN 3 0 1975 

Approximately 200 days lodging at NARL, Barrow for Principal Investigators 
and Design Engineer (who will be stationed at NARL for approximately 5 
months). Assuming that ice conditions near the radar site are suitable for 
our purpose, a small building will be required at the site for 5 months 
as a temporary laboratory. If ice conditions there are not suitable, the 
work will be done in Elson Lagoon and two field wanagans, with power, will be 
required at that test site. 
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RESEARCH UNIT /1267 

\oJOf~K STATmENT. v------ JUN 3 0 1975 
I 

I. TITLE: Opcrc1tion of un /\luskJn f,lcility for Applications of RcnloLc­
Scnsing Outu of Outer Continental Shelf Studies 

II. PRINCIPAL INVESTIGATOR: Albert E. Belon SS# 574-09-9574 
Professor of Physics 
Universitv of Aiask~ 

III. GEOGRAPHIC AREA AND INCLUSIVE Lit\TES: Beuufort Seu, Chukchi Sea 
Bering Sea, Gulf of Alaska 

Muy 1, 1975 to September 30, 1976 

IV. COST SUt·lH/\RY; 

FY 197 5 rv 1976 
throuqh June 30, 1975 July l 2 1975 - SeQt. 30, 19 7 G 

$26,331 $85,669 

v. P~OPOSED RESEARCH 

A. Background and Objectives 

1. Task Identification 

This project is identified with task A-29. Its pr1mary ob---
jective is to assemble and to assist in the analysis of remote-sensing 

data to provide a comprehensive assessment of the development and decay 

of fast ice, sediment plumes and offshore suspended sediment patterns 

along the Alaskan coast from Yakutak to Demarcation Bay. 

2. State of Knowledge 

The utilization of remote-sensing techniques in environmental 

surveys and resource inventories has made great strides during the last 

fe\·1 years vtith the development of advanced instruments carried by 

aircruft and satellites. 1\ remote-sensing library i1nd data processing 

facility has evolved on the fairbanks campus of the University of 

Alaska as a result of a NASA-funded program entitled "An intcrdisci-

plinary feasibility study of the applications of ERTS-1 data to a 

l 
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JUN 3 o 1975 
survey of the Aluskun environment''. This experimental prourufll, which 

covered ten environmental disciplines und involved r~i9ht research in-

stitutes and academic departments of the Univcrs.ity, has nm·l terminated; 

but the facility which it established has proved to be so useful to 

state-1·1ide university and government a9encies that it has continued to 

operate on a minimal basis with partial funding from a NASA grant and a 

USGS/EROS contract. 

As a result of the NASA-funded program, the remote-sensing 

data library has total cloud-free and repetitive coverage of Alaska by 

the ERTS- n01-1 LANDSAT·- satellite up to ~1ay 1974 (about 30,000 data 

products), 60 rolls of imagery acquired by NASA aircraft (NP3A and U-2) 

some of which includes coverage of the Beaufort Sea, Cook Inlet and 

Prince William Sound, and substantial facilities for optical and digital 

processing of these data. In preparation for the OCS program, we have 

requested NASA to provide U-2 aerial photographic coverage of the entire 

Alaskan coastal zone during a scheduled mission in June 1975. This 

request has been tentatively approved. Through a NOAA-funded pilot 

project, 1·1hich studies the applications of NOAA satellite data in meteo­

rology, hydrology and oceanography, the remote-sensing data library also 

has complete coverage of Alaska by the NOAA satellite since February 1974. 

As part of the NASA-supported LANDSAT program the University 

of Alaska demonstrated the feasibility of deriving, from LANDSAT imagery, 

substantially ne1<1 information on suspended sediment transport and depo­

sition in Alaskan coastal waters (1 ),on the morphology of shorcfast icc 

in the Beaufort Sea (2), and on sea-ice clymanics in the Gerin9 Sea region 

(3). The data interpretation techniques developed for the University of 
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AlasKa Lf\JHJS/\T prouram have been dcsct·itJcd hy Bclon (lrHI 1·1illcr (~) ond 

1·1illcr ond [Jelen (S). Briefly, the data intcqwell1lion iccilniCjUCS l·tllicll 

have proven most useful for ouler continental shelf studies urc color-

coded density slicing of LANDS/\T transput'encies for mopping sedi111cnt 

plumes and sedimentation patterns (using a VP-8 imuge analyzer), visual 

photointerpretation for studying the morphology of sea-icc, and multi-

date analysis using a color-additive viewer for measuring sea-ice move-

ment and the resultant fracture patterns. Recently we have used an automatic 

{computer) unsupervised classification technique which offers great nromise 

for mapping sea-ice types from LANDSAT imagery with hi~Jh ground resolution 

(80 meters) over limited areas (1P5 x 185 km). 

References 

( 1) Burbank, D. C., Suspended Sediment Trans port and Deposition in 
Alaskiln Coastal t-latets 1vith Srecial Emphasis on Remote SPnsing hy 
the ERTS-1 Satellite, M.S. Oissettation, Univetsity of Alaska, 
December 1974. 

(2) St.-inger, W. J., Morphology of the Beaufort Sea Shorefast Ice, 
Proceedings of Symrosium on the Coast and Shelf of the Beaufort 
Sea, Arctic Institute of North America, 1974. 

(3) Shapit'o, L. H. and J. J. Gurns, Satellite Observations of Sea-Ice 
~1ove111ent in the Bering Strait Region, Climate of the Arctic, Uni­
versity of Alaska Press, 1975. 

(4) [klan, A. E. and J. 1~. Mille!', Application of ERTS Data to Resources 
Surveys of Alask,1, Pl'Oceedin0S of the Third ERTS-1 Symposium, Vol. 
I, 1899-1907, NASA/GSFC, 1974. 

(5) ~liller, J. 1-1. and/\. E. 8elon, A Summary of ERTS Outa ApplicJtion 
in Aldsku, Proceedings of the Ninth Intern<ltiondl Syl!lposium on 
Remote Sensin~J of Enviromnent, Vol. I, 2118-2138, University of 
~~ i c h i g J n , l 9 7 4 . 

· 3. Information Required to Neet the Task Objective 

Repetitive, lo\·1-clou.d-cover LANDSAT ima~gery of the /\1uskan 

coastul zone for the period August l, 1972 to Hay 1, 1974, N0/\/\-2, -3 
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and-~ satellite intc ry of /\lilska acquired since Fe 
. JUN 3 o 1975. 

Jary 19/ll, und 

aerial pllotouraplly of parts of the l3ciwfort Sea, Cook Inlet and Prince 

\~illilllll Sound, acquired in July 19/2 and June 19/11, arc prr.sr.ntly avail­

ab1c in the University of /\laska remote-sensing duta library. 

L/\NDSAT imagery of the Alaskan coastal zone ucquired since l·lay 

l, 1974 is available at the EROS O'ata Center (EDC) in Sioux Falls, South 

Dakota. We have obtained computer l·is~ings of these data and propose to 

purchase low-cloud-cover LANDSAT i1nages from EDC under this project. We 

have requested NASA to provide U-2 aerial photographic coverage of the entire 

Alaskan coastal zone. -The u-2 mission is scheduled for June 1975 and we 

will probably receive the imagery {presumably at no charge) in September 

1975. He ·are also requesting that copies of remote-sensing data acquired 

by U.S.G.S. aircraft for the OCS program be provided to our remote-

sensing data library. Other existing imagery \·lill be purchased on a 

selected basis from EDC and other agencies. 

4. Time Schedule 

The satellite and aircraft imagery which we propose to assemble, 

the data processing facilities and the data interpretation techniques 

already exist, for the most part; therefore, \'le do not anticipate any 

pr9blems in meeting the proposed objectives and reporting the results 

quarterly from the start of the contract to September 30, 1976. 

6. Related Research and Coordination 

This project proposes that the existing University of Alaska 

rc111olc-sensing facility be upgraded to serve all the OCS investigators 

\'lith ·available remote-sensing data of the Alaskan coastal zone. data 

process1119 facilities and image interpretation assistance using facilities 
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cxpccl llwl lliOSt invc~,Li9tJLors concerned 1·1ith scu-ice 1nor-phnlo~JY und 

dynamics, physicill oceJnooraphy und marine ueology 1·1ill utilize our 

facilities and services. Several U of A investigators have illready 

expressed their intent to do so. \·le 1·1ill coordinilte our activities with 

all OCS investigators by periodic remotc-scnsin9 datu catalogs and 

bulletins, and by personal visits and training workshops. 

G. Methods 

Three c:omrlementary approaches vJill be used to achieve the pro-

ject's objective: 

1. Operation of the Remote-Sensing Data Library 

a) Search our existing data base and the EROS Data Center 

data bank for all low-cloud-cover LANDSAT data acquired 

since launch of the satellite (July 23, 1972) and aerial 

photography of the Alaskan coastal zone acquired since 

1950. We are in a good position to perform this task 

because we have direct access to the EROS Data bank and 

\'Je are thoroughly familiar \'lith the EDC capabilities 

through our USGS/EROS contract. In addition, we soon 

will have microform copies of all Alaska data available 

at EDC. 

b) Prepare periodic catalogs and maps of available satellite 

and aircraft imagery of the Alaskan coastal zone. 

c) Purchase from EDC sC'lccted satellite and ai1·ctaft datil of 

the Alaskan coastal zone to update the data available in 

our remote-sensing data library, and purchase on a standing 

5 
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order oasis the ddtu 1·1h·icll 1·1ill be reqTfin~d in 1975 and 

197G. 

d) Obtain from govcrn1nent and industriul aucncies in /\lc1ska 

lis~ings of aircraft data of the Alaskan coastal zone 

available in their files, and purchase selected data. 

e) Obtain copies of airc.raft remote-sensing data obtained 

for the OCS program. 

f) Assist OCS investigators in searching for remote-sensing 

data applicable to their investigations. 

2. Operation and t•laintenance of Remote-Sensing Data Processing 
Facilities 

The existing remote-sensing data processing facilities and the 

associated data processing techniques are shown in Figures l and 2. 

a) The existing data processing facilities \'lill be main-

taincd in good operating condition for the use of the OCS 

investigators. We expect, based on discussions with 

potential OCS investigators, that the equipment most 

heavily used will be the color-additive v1ev1er, the zoom 

transfer scope, the stereo light table, the VP-8 image 

analyzer, and darkroom photographic equipment. 

b) Send our color-additive viel'/er to the manufacturer (r 2s) 

to be retrofitted with a viewing-tracing-projection 

attachment which will permit a 6.7X enlarged projection 

on a ground-glass tracing table and an enlarged pro­

jection up to 20X on a 1·wll screen. At present, the 

viel'ler provides only a 3.35X enlargement (1:1,000,000 

6 
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1 he JH'Opo:;cd _ .Locluuclll llJS 

bct'n spccifical'ly rcquc~,Lcd by' sc'vcrul OCS investiqulors 

concerned with sea-icc investigations, but will be used 

by qthcrs as \vcll. 

3. Assistance to OCS Investigators in Data Processing and Interpretation. 

Development of Nc\'1 Tech.niques for OCS Purposes. 

a) Training of OCS inve~tigators in the use of the various 

remote-sensing data processing instruments. 

b) P1·ovide remote-sensing specialists to assist OCS inves­

tigators in the operation of some of the most sophisticated 

instruments.(e.g., VP-8 image analyze!' and CDU digital 

color display system). 

c) Perform remote-sensing data processing for OCS investi­

gators on the basis of work orders. Since this task 

could rapidly consume the financial resources of the 

contract, if many investigators utilize this service, we 

wi 11 place a 1 i mit of J_~O per month per project for 

"free" data orders and \-Jork orders performed by our 

project. The investigator's project will be billed for 

costs in excess of the $50 limit. 

d) Develop techniques for multidate analysis of remote­

sensing data. At least three areas of research where 

multidate analysis techniques need to be further developed 

arc sea-ice dynamics, shoreline erosion, and scu-sudace 

sediment transport. 

e) Participate in various OCS investigations from the remote­

sensing point of view. 

7 
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f) /\ssist"aml co11~;ult on lllc fon11ulation 01 aircrufl dula· 

ucquisilion p1·ourilm. 

VI. I NFOIH·1/\T ION P!WOUCTS 

The prinhlry 'objective ol the project is to provide a service to 

the OCS investigutors in the ucquisition and processing of remote-

scns1ng data. Therefore, it is expected that most of the disciplinary 

information products will be reported by the individual user projects. 

These products are expected to be primarily thematic maps and photographs 

showing sea-ice conditions, sediment plumes and suspended sediment 

concentrutions. 

The project itself will prepure periodic r~note-sensing data 

catalogs, including lists and maps, and bulletins describing the faci-

lities and data processing techniques which have been developed and are 

available for use by the OCS projects. A sample data map and list are 

illustrated in Figures 3 and 4. We will also calculate predicted LANDSAT 

orbits {Figure 5) to assist OCS investigators in coordinating field 

measurements and aircraft data flights with overhead passage of the 

L/\NDS/\T satellites. 

VI I. DATA OR S/\I-1PLE EXCHANGE INTERFACES 

Although satellite and uircraft data can be acquired and analyzed 

independently of other data, the accuracy and quantification of these 

analyses are very dependent on the availability of concurrent field 

data. For instance, satellite and aircraft imagery can be density-

slicc.d to produce maps of relative suspended sediment concentrations; 

however, calibrating these maps in term:, of absolute concentrations of 
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suspended sccJilllcnt-;,",n rnilligrcliiiS pet· liter, rcqurrc~• l·tdtcr surnplcs 

Obtuincd COIICUITCilLly 01/Cl" il rorlion Of the Slucly cli"CJ. 01lCC this 

culibrotion is nwde, it con be appl icd confidently over the entire urea 

covered by the remotely sensed image. Similarly, satellite or aircraft 

data analysis can identify different types of sea-ice (new ice, year-old 

icc, and multi-year· ice), but the accurate identification of these types 

is dependent on the availability of field data over a portion of the 

image. In effect, these field data over limited areas are used as 

training sets for the interpretatior1 of remotely-sensed data. 

We anticipate no problems in exchanging data from other inves­

tigators because the analyses v1e undertake '.'lill be performed for and in 

cooperation 1·1ith them. 

VIII. SAr-lPLE ARCHIVAL REQUIREt-1ENTS 

We pr·opose to archive all remote-sensing data acquired under this 

project in the University of Alaska remote-sensing data library. It 

presently contains some 30,000 satellite images, 60 rolls of aerial 

photography and 150 digital magnetic tapes in temperature and humidity 

controlled storage. We expect that the amount of data stored in the 

library will nearly double, from the OCS project and other sources, over 

the next two years. 

IX. SCHEDULE 

~lay 1, 1975- All re111ote-sensing data currently stored in the 

t·crnote-scnsing dota libt"ary, and udjoining data processinu facilities, 

\·Jill .be avJilable to OCS investigators. 

J u n e 1 5 , 1 9 7 5 - A l 1 a v a i 1 a b 1 c sa t e 11 i t e a n d NA S/\ a i r c r a ft d a t J 

previously ucquircd l'lill be catalogued and mapped. Data not available 

in rc111ote-scnsing data library 1·1ill be ordered from the EHOS Data Center. 
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July 1, 197S ---1\ cutalog of rc1notc-scnsinu dut.u of the /\lttskun 

coustul zone \·Jill be distributed to OCS invcstiuators ulo11~l l'lith 11 

bulletin describing the facilities und techniques avoilablc for pro-

ccssing the datu and providing pc1mplc data products. 

October 1, 1975, January 1, 1976, /\pril l, 1976, July l, 1976 -

The catalog 11nd bulletin previously mailed on July 1, 1975 vlill be 

updated and distributed to OCS investigators. 

September 30, 1976 - A final report describing the activities of 

the projec~ and its users will be prepared and submitted to NOAA. 

X. EQUIPMENT REQUIREMENTS 

Nearly all the equipment required for the project is presently 

available at the Geophysical Institute of the University of Alaska. The 

only exception, requested by several OCS investigators, is a modification 

of our 12s Model 6040 color-additive viewer to provide for a viewing-

tracing-projection attachment which will permit a 6.7X enla1·ged projection 

on a ground-glass tracing table and an enlarged projection up to 20X on 

a wall screen. At present the vie\·Jer provides only a 3.35X enlargement 

(1:1 ,000,000 scale for LANDSAT data). The modification rnust be retro-

fitted in our vie\·ler by the manufactUl·er at his plant in t·1ountain Vie1'1, 

California. The manufacturer's bid for this modification if $4761 with 

a delivery of 60 days. vie plan to send our equipment to the manufucturer 

as soon as a contract is awarded or before, if the appropriate arrangc111cnts 

can be made \'lith NOAA and the manufucturer. 

XI .. LOGISTICS REQUIREHENTS 

None. HO\·Iever, \'IC would like to participl1te in tile planning of 

the U.S.G.S. aircraft data acquisition and in some of the data flights. 
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FlGUHE Ci\PTHHIS 

f i ~ Ul"C 1 • C c· n L r al i z cd Uu til l'roccssin~ I',Kilitic:;. 

Figure 2. Opticul and Photographic Processing .. 

Figure 3. ~1a ps of Avuilable LANDSAT Duta, February - Hay 1973. 

Figure 4. List of Avuilable LANDSAT Scenes, July - September 1972. 

Figure 5. Predicted LANDSAT Orbits over Alaska, June - October 1974. 
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