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Sunmmary

The near shore pack ice of the Beaufort Sea and Chukchi Sea have a
profound influence on the devel opnent of the gas and oil fields of Northern
Al aska. Design of structures, security of sub-surface pipelines, and surface
transport of oil is dependent on a know edge of many of the properties of
the near shore pack ice. The notion of the ice pack has been investigated
over the past several years. From Cctober 1975 to Decenber 1976 OCSEAP
sponsored a nunber of drifting buoys initially deployed along the continental
shel f from Banks Island to Pt. Barrow. In the spring of 1977 a nunber of
drifting buoys were deployed in the central Chukchi Sea. In the spring of
1978 four buoys were deployed in the near shore ice pack from Pt. Barrow to
Cape Lisburne. This final report is of the nmotion of the four buoys deployed
in 1978.

The study of the ice pack can be undertaken from a nunber of different
views. O primary inportance is an observational program oriented toward a
description of the state and notion. Oher nethods of study include the
description of physical processes, often through mathenatical modelling, and
the devel opnent of various simulations, inportant to forecasting the state of
the ice pack. The primary task of this contract is to observe the notion of
the near shore pack ice fromPt. Barrow to Cape Lisburne. This program ex-
pands the geographic coverage and offers some indication of year-to-year
variability of -the ice behavior.

Previous studies have shown the near shore ice between the Mackenzie
Delta and Pt. Barrow tends to be guided by the coast in its westward drift.
G| or other pollutants entered into the pack ice would probably be advected
to sone location off Pt. Barrow.  Then depending on local conditions the
pack can nove northward and be reincorporated into the Beaufort Gyre or it
can nmove southward, still guided by the Al aska coast, into the Chukchi Sea.
The current studyshowsthe near shore ice pack between Pt. Barrow and Cape
Lisburne to nmove into the central Chukehi Sea during early summer and then to
move north and west; probably to be incorporated into the transpolar drift
stream  Once the ice noved toward the central Chukchi the mean notion was
very sinmilar to the drift of the summer of 1977.

. | ntroduction

A CGeneral Nature and Scope of Study

The purpose of the project was to determine fromdrifting buoys the motion
of the near shore ice pack fromPt. Barrow to Cape Lisburne. |In March of 1978,
four RAMS (Random Access Measurenent Systen) buoys were deployed within 100 km
of the coast. This study extends the geographical area and provides sone
indication of year-to-year variations of the notion of sea ice. O particular
inmportance is the relation between the buoys and the margin between the pack

ice and season open water. Also of interest is the frequency of very high
speed events along the coast as observed in January of 1976. At this time one

buoy recorded speeds to 140 cmsee-| and net notions of several hundred
kilometers within a week's tine.
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B. Specific Objectives

The primary objective of this report is to present the notion of the
four buoys during March - Cctober 1978. One buoy was instrumented with a
baroneter to record surface atnospheric pressures. This time series is
al so reported.

C. Rel evance to Problems of Petroleum Devel opnent

(bservations of ice notions are relevant to problens of petroleum

devel opment for three broad reasons: 1) the ice cover will serve as a car-
rier of any petrol eum products spilled in the Beaufort or Chukchi Sea so that
the ice trajectories serve as a first estimate of the paths to be taken by
the oil 2) the observations are necessary to identify the inportant physical
processes at work within the ice pack and 3) the ice notion is an observable
quantity that nmay be conpared with a sinulation of pack ice dynamcs or used
to tune the sinulation.

[11. Current State of Know edge

The RAMS buoys are reliable off-the-shelf items at a reasonable cost
($5000) and usually survive for the design life of the batteries. The N MBUS
satellite relays data between the buoy and NASA data processing. The data
processing of the NASA data tapes is a capability to be devel oped at each
user's site. The University of Washington has the data processing capability.

The buoys deployed in March 1978 are the third set deployed as part of
OCSEAP . The first set provided drift data in the southern Beaufort Sea in
conjunction with the AIDJEX project during October 1975 - Decenber 1976. These
trajectories were reported in the 1977 Annual Report, Vol. XVI, by Untersteiner
and Coon (RU 98). The second set were deployed in the central Chukchi Sea
during March 1977 - Septenber 1977 and the data is given in the Annual Report
1978 by Pritchard. The buoys reported here were deployed in the Chukchi Sea
near the Al askan coast in March 1978. (Qher ice drift data are the ice island
T-3, the ship Maud, and a nunber of the Soviet North Pole ice stations.

[V. Study Area

The study area is the Chukchi Sea with enphasis on the near shore ice pack.

V. Sources, Methods, and Rationale of Data Collection

The neasurenents were nmade with the Random Access Measurenent System (RAMD)
whi ch uses the techniques of Doppler Satellite navigation. The raw neasurement
is the frequency of a signal transmitted fromthe ice station to the satellite.
The measured frequency is affected by a Doppler shift related to the rate of
change in distance between the satellite and the ice station, which is itself
related to the unknown ice coordinates and the known satellite orbit. During
each satellite orbit several frequency measurenents were nmade and from them an
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over-deternmined solution was found for the unknown coordinates. The Doppler
counts were nmade for discrete |-second bursts transmitted from the buoy each

mnute. Typically, 20 neasurenments per pass were collected, stored, and
transmitted to a receiving station on the ground. Fix calcul ations were done
at NASA and mailed to the users in the formof magnetic tapes and printed

out put

The user nust edit the data for bad position fixes. The algorithmem
pl oyed conpares each fix latitude with the median of the latitude of the ten
fixes preceding and the ten fixes following it. Wen the differences exceed
a preset tolerance, the fix is discarded. The algorithmis applied twce,
with a smaller tolerance the second time. The sanme procedure was then applied
for 1ongitude.

The baroneter was a Paroscientific Digiquartz sensor having superior
accuracy, low sensitivity to tenmperature and |ow power consunmption. This type
of barometer has previously been used with RAMS buoys. The frequency of the
quartz oscillator is encoded, radioed to the NIMBUS satellite, relayed to NASA,
and |ater decoded by the user. Calibration charts are used to convert the
frequency to atnospheric pressure.

V. Resul ts -

Positions of the four buoys deployed in March 1978 have been edited.
The results are shown in Figures 1-4 and in Appendix |I. Figures 1-4 show at
most one position fix per day as indicated by the small ticks. The large dots
show the position near the first of each nonth.

The data was collected by the NIMBUS 6 satellite. The testing and |aunching
of the NIMBUS 7 satellite disrupted the NASA data collection center. Over sone
periods the data was | ost and over nuch of the tine beginning in August the
data was not available on nagnetic tapes. By Septenber the number of fixes
was down to one every other day. This is in contrast to the usual nunber of
twenty per day for the period March - June. Hand analysis provided the posi-
tion data shown by the solid line in Figures 1-2.

The lifetime of the buoys was five to seven months. Al available data
is shown. Figure 5 shows the position of the ice edge for the summer of 1978.
The ice edge analysis was obtained from NOAA satellite inmges.

VI1. Discussion

The trajectories of the buoys are northward and westward during the spring
and summer nonths. This is in accordance with the climatological drift as
evidenced by T3, Maud, and several Soviet ice stations. The speed and direc-
tion of the 1978 buoys is very simlar to the speed and direction of the 1977
buoys . It is interesting to note that the slight notion toward the Bering
Straits during March was also seen in the 1977 buoy data.

A conparison of the drift data and the ice edge charts indicates that the

buoys were always in the multi-year ice zone. Figures 1-5 suggest the ice edge
is drivin by the winds rather than a result of sinple thernodynancs.
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Ol spilled in the pack ice between Pt. Barrow and Cape Lisburne woul d
be of no danger to Bering Sea for the year 1978. Athough it is known that
sone ice fromthe Chukchi Sea has drifted through the Bering Straits and into
the Bering Sea, this is not the norm The years 1976-1978 all show t he samne
summertime drift features; however sea ice is well known for producing anomo-
| ous events. The data of 1977-78 does not show the |large jets of near shore
pack ice motion that was recorded in January of 1976.

VIl Concl usions

Drift of the ice cover in the Chukchi Sea during March - Cctober 1978 has
been determned. The general northward and westward notion would have pre-
cluded oil spilled on or in the ice from being transported into the Bering
Sea at this time. The drift for this time is very simlar to the drift re-
ported in 1977. The probable fate of the buoys is to be incorporated into
t he transpolar drift streamand exit into the Geenland Sea after two or
three years.
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DYNAM CS OF NEAR SHORE | CE

APPENDI X |

Measurenents of Sea Ice Mtion in the Chukchi Sea March-Cct ober 1978.

Four data buoys were deployed in the Chukchi Sea in March of 1978.
Data has been processed to obtain position. Due to the preparation and
launch of the NIMBUS 7 satellite some of the position data was anal yzed by
hand. The solid curves in the following figures indicate that analysis.
The automatic data processing is described in AIDJEX Bulletin No. 35 by
A. S, Thorndike and J. Y. Cheung (January 1977, University of Washington).
The atnospheric surface pressure recorded at Buoy 425 is also reported in
thi s appendi x.
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Tinme Series of Surface Pressure

Buoy 425 was instrunmented with a Paroscientific Digiquartz pressure transducer
to measure atmospheric sea |evel pressure. This instrument was checked at

Barrow to insure correct calibration. Testing of this type of barometer is
reported by P. Martin and M Carke, A Test of Baronetric Pressure and Tem

perature Measurements from ADRAMS Buoys, ALDIEX Bulletin No. 40 (June 1978,

Uni versity of Washington).
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